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FOREWORD
This document, prepared by the Polar Research Board ’. Co ittee on the

Nansen Drift Station, is a comprehensive multidisciplinary scientific

research plan that can be carried out from an arctic research platform

(i.e., the Nansen Drift Station).

The Committee for the Nansen Drift Station first met on August 11,

1975, and held a workshop and final meeting November 3—5 , 1975. This
docu~~nt is based on tt~ results of that workshop .

The Polar Research Board ts deeply grateful to Norbert Untersteiner

(Chairman) and members of the committee for their diligent efforts in

putting this report together in the brief t ime alloted for the task.

James H. Zumberge , Chaiz~’r.2nPol ar Research Board

/V’~~/f f~ ~~~
‘
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PREFACE
The desi r a b i l i t y  of r epea t ing  t h ~ h i . ~L i z ~~c journeys of the Pram (1893—
1896) and ~~J t~ ( 19~ 7— 19J9) acr oss  the Eur a s ian  Basin of the Arc t ic  Ocean
has been di ussud in the scientific community on virious occasions over

the past 20 years. The sc heduled decormnisslonlrtg of the WIND—c l ass Ice—

breakers by the U.S. Coast Guard offers , to r the first time, a definite

opportunity to acquire a suitable platform to carry out a wide—rang ing
research program in a little known area of the Arcti c .

In June 1975 , the Polar Research Board (PRB) was invited t o  prepare

a comprehensive plan for studies to be carried out from an Icebreaker in

the transpolar drift stream between the Laptt- ’.’ Sea and the Creenland

Passage. To execute this t isk , the PRB established a Committee for the

Nansen Drift Station Project , consi st io~ of ~~-. members , each represent-

ing specific scientific discipl iu s and i t ivi t i es and including partici-

pants from Canada and Norway as well as representatives of several

agencies of the United States Government. Ten maj r scientific areas

were identified , and one member of the Committee was assigned the re-

sponsibility for drafting a scientific program for each of the subject

areas that make up Chapters 6—1 5 of Part II. Drawing on the advice of a

large number of experts outside the Committee , and on the results of

an earlier workshop held during a meeting of the American Geophysical

Union in December 1974 (see list of participants), the Committee pre-

pared this report.

It should be noted that the scientific plan for the Nansen Drift

Station Project describes a most comprehensive , balanced program, with-

out regard to specific and actual funding prospects for commitments.

• Bearing in mind that mission—oriented agencies of the federal government ,

with a potential interest in the proj cct , are not likely to have a

uniform set of priorities, an attempt to identif y priorities was made

only within each discipline . Each chapter of the scientific program

contains an estimate of costs and operational requirements , intended

only for preliminary reference. If the basic funding for operational

xltl.
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support can be secured (see Section III), specific proposals front the

Community at large will be solicited according to funding agencies ’

procedures.

The report underwent extensive critical review by groups of the

National Research Council: Assembly of Mathematical and Physical

Sciences Executive Committee , Naval Studies Board , Ocean Science Board,

Maritime Transportation Research Board , Committee on Solar Terrestrial

Research , Committee on Seismology, U.S. National Committee for Geo-
chemistry, U.S. National Committee for International Union b r  Quaternary

Research , U.S. Committee for the Global Atmospheric Research Program,

U.S. Geodynamics Committee , Marine Board , and the Committee on Atmos-

pheric Sciences. The comments of the reviewers were especially appre-

ciated.

The Nansen Drift Station Project offers a unique opportunity for

international participation and cooperation , and the Sta t ion w i l l  be
available to all nations interested in arctic research; all research

da ta will be made public.

We wish to express our special appreciation to the Office of Naval

Research, Arctic Programs, for pi~oviding financial support that nade

this document possible. The expert assistance in all phases ot the work

of the Committee provided by L. De Goes and W. Timothy Hushen of the

Polar Research Board and other staff members of the Nationa l Research

Council is most gratefully acknowledged .

Norber t Un ters tein er , ‘
Committee for t h e
Nansen Drift Station
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• FRIDTJOF NANSEN

In the summer of 1893, Frldtjof Nansen and his men set out from the

Laptev Sea in their ship Franz to reach the north pole. For three years

they drifted with the pack ice toward Spitsbergen (Figure 1.1). In

early 1895, it had become clear that the ship would not reach the pole.

Nansen and one companion tried to proceed by dog sled , but the ice

drift was against them. After an arduous journey of more than 2000 1~i

they reached Franz Josef Land and wintered there. Meanwhile, the Franz
continued to d r i f t  while locked in the ice , coming free in 1896. In
August 1896, both ship and sled party arrived safely back in Norway .

In the history of polar exploration, Nansen’s journey remains an

unparalleled feat of imagination, courage, scientific Ingenuity,

perseverance, and ultimate success.

3
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BACKGROUND
During the past three decades , drifti ng pack ice stations have been the

operational mainstay of research in the Arctic Basin (see map inside
back cover) , culminating in the year—long four—station array of the Arctic

Ice Dynamics Joint Experiment . While field stations of that kind will

remain useful for specia l purposes , recent scientific and technological

developments have fostered the idea to use or , as it happens , reuse wi th
modern means , the icebreaker supported by aircraft as a research platform.

The project , entitled the ~Nansen Drift Station~ (NDS) , that we

describe .~in this report and for which we propose a scientific plan is—: — - ---—-—..———.-..—. • •  — — , - . S • I — ‘ .5 1 -
recommended f or the fol lowing reasons : - • ‘ ‘ ‘ ‘

1. Extensive research programs have been conducted in the

Canad ian Basin and our knowledge of the Ar ctic has become strongly
orien ted toward tha t reg ion. At the same t ime , the urgency to learn :~ ~~
more about the Eurasian Basin has increased In connection with progress

in global tec tonics , climatology , resource geology , sea—air interac tion ,

and other disciplines.

2. The Eurasian Basin with its vigorous ice dynamics is a region

less suited for pack ice stations than , f or example , the Beaufort Sea.

The need to move into a new region with a multidisciplinary research

program and a more secure research platform fortuitously coincides with

the acquisition by the United States Coast Guard of two new icebreakers

and the scheduled decommissio n ing of olde r sh ips tha t can be adap ted for
use as drifting platforms for science.

3. If realized , the NDS will overlap in time with at least two

major international resear ch programs : the International Magnetospheric

Study , the Global Atmosp heric Research Program (CARP), with the Polar

Experiment (POLEX) as a subprogram , the International Geodynamics Pro-

gram (1(W), and others . Great mutual benefit can be derived from

coordina ted planning and data acquisition among these programs (as

explained in the respective chapters of Part II).

4. The NDS project is considered an ideal vehicle to engender

and enhance internationa l cooperation for the common good .
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SCIENCE SUMMARY
In the opin ion of the Committee for the Nansen 1)rift Station , an ice-

breaker and its corollary installations (temporary f ie ld camps , da ta

buoys) afford such a wide range of research opportunities that it would

be inappropriate to assign pri o riti t-s to scientific disciplines. Giving

primary emphasis to geophysics , geology , and ocean physics migh t be

justified. However , the uni f ying concept of the NDS is that of a multi-

purpose opera ting pla t f orm , and individual research projects should be

selected according to scientific excellence and policies of the pro-

spective f und ing agenc ies , both in the United States and abroad.

Within each discipline it is, of course , possible to assign priori-

ties. The sequence of specific studies described in Part II is meant to

reflec t, in general terms, an order of priority.

Marine geophysics and tectonics (Chapter 6)
Perhaps the greatest contributions that the NDS proj ec t can
make to earth science are in the areas of tectonics and

sedimentology. Two major deep—sea basins and three sub-

marine ridges are the main tectonic features of the Arctic.
Closest to Eurasia , the Nansen Ridge is a dirett continua-

tion of the globe—encircling active midocean ridge system.

The spreading rate is of the order of 1 cm/year. The Nansen

Ridge and Eurasian Basin are an ideal laboratory for studying

the implications of different geodynamic models and the mor-

phology and crustal structures produced at various accretion

rates. By drifting across the region with a secure research

platform, it will be possible to perform observations of

bo ttom morphology , gravi ty, magnetics, seismic reflection

and refrac tion , and hea t flow , with unparalleled efficiency .

Marine geology and paleoclimatology (Chapter 7)
In addition to studies of the geologic structure and history

of the Arctic Basin, extensive sampling of ocean sedimen ts

7 
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will provide new and crucial information on the climati c

history of the Arctic . Theories of climatic change need to

be tested against the climatic record preserved in the sedi-

ments (floral and faunal assemblages , stable oxy gen isotope
ratio , radioisotope concentrations , volcanic and other

particle contents). Efforts by the Consortium of Scientists

Studying Paleo—Climatology (CLIMAP ) to establish this record

in the North Atlantic have been highly successful. An

extension of this kind of work in the Arctic Basin is most

desirab le.

Physical oceanography (Chapter 8)
Compared with the relatively stagnant waters of the Canadian

Basin , those of the Eurasian Basin are in vigorous exchange
with the Norwegian and Greenland Seas. In addition, roughly
a third of the immense land mass of Asia discharges its run-

off northward onto the wide continental shelf. The physical

oceanography of the Eurasian Basin, once the inspiration for

the fundamental work of Nansen and Ekman, is today less de-

veloped than that of any other ocean basin . The NDS program

proposes to map the properties of arctic water masses, ob-

serve the water velocity fields, and investigate the modifi-

cation of water masses that result from large—scale advection ,

sea—air—ice interaction , and freshwater influx from land . A

better understanding of these phenomena will help to define

the rule of the Arctic Ocean in global climate, and it will

provide the physical background information for studies of

the mar ine ecosystem , bioacous tics , pollution baselines , and

others.

Biology and biochemistry (Chapter 9)
Among the ecosystems of the world oceans, that of the Arctic

Ocean occ upies a special place: it is the least contaminated

and the least productive and probably the least diverse.

The increased understanding of biological population ,

communities , feeding rela tionshi ps , nu trien t transpor t , the 

~~~~-“ - ---
- . , •
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role of ligh t , ice, and other environmental factors will

broaden the knowledge base for comparative studies of ice and

ecosystems. In addition , biological Information is needed

for the interpretation of certain acoustical phenomena and

to relate present and past types of plankton populations in

the paleoclimatic interpretation of deep ocean sediments.

Marine acoustics (Chapter 10)
The two features peculiar to the acoustic environment of the

Arctic Ocean are the near—surface sound channel and the am-

bient noise generated by the sea ice. Virtually all avail-

able acoustic measurements over the past 20 years have been

confined to the Canadian Basin. The NDS, with its surround-

ing array of da ta buoys , will enable us to extend these
studies to the Eurasian Basin , where the warm core of

Atlantic water lies close to the surface and where more

vigorous ice dynamics may be expected to produce a different

ambient noise regime. Better observations of pr opaga t ion
losses , backscattering, bottom reverberation , plankton

scattering, sounds from marine mammals, and many other
features of the acoustic environment , along with improved

models and prediction methods , will provide both scientific

insight and safer ship operations.

Heat and mass balance of the ice cover (Chapter 11)
In many theor ies and hypotheses concern ing the evolu tion of
climate, variations of sea Lee play a critical role.

Dramatic fluctuations of heat exchange between ocean and

atmosphere occur associated with diverging sea—ice motion.

These ef fec ts are especially great on the Eurasian side of
the Arctic Ocean , where the sea ice moves rapidly and has a

residence time of only a few years. The NDS will provide

new and hitherto unavailable information on ice thickness

dis tribu tion and reg iona L heat balance. Along with data

from the upper ocean and the lower atmosphere, this informa-

tion will help us to understand mechanisms and magnitude of

_ _ _
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the polar heat sink and its effect on large—scale circula-

tion systems.

Troposphere (Chapter 12)
An understanding of the transfer processes within the arctic

troposphere is essential for development of reliable models

of the general circulation and climate. The NDS provides a

rare opportunity to investigate vertical transfers in regions

of the Arctic that have been barely investigated . Topics to

be addressed are the relation between vertical transfers of

hea t, momen tum, and mass; the structure of the planetary

boundary layer; and the characteristics of stratus clouds

and haze and their effect on the radiation balance. The

fla t, uniform surface of the Arctic Basin, exposed to pro-

longed radiational cooling during the polar night , is the

most suitable place in the world to investigate the stably

stratified planetary boundary layer. During summer , stra tus

clouds, fog , and haze are persistent over the Arctic Basin.
Observations during the NDS drift will elucidate poorly

understood mechanisms governing the origin of these aerosols

and their effect on radiative heat exchange.

Ice physics and engineering (Chapter 13)
The NDS program in ice mechanics is designed to test some of

the recently developed ideas and models by means of a multi-

purpose network of data buoys and transponders (see Chapter

13, Figure 13.1). Appropriate instrumentation of the ship

itself will make it possible to relate the stress in the

surrounding pack to that extended on a rigid structure em-

bedded in the ice. Since the ship will be traveling along

with ice of different thickness and age, a study of its

mechanical properties and their variation in the course of

two annual cycles should be especially useful . The labora-

tory—like environment afforded by the ship will also make

possible a number of carefully controlled experiments (e.g.,

~ 
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~n situ stress tests and remote sensing ground—truth 
observa-

tions) designed to improve our understanding of physical

processes affec ting properties of the ice cover.

Atmosphere-ionosphere-magnetosphere (Chapter 14)
The drift path of NDS between 700 and 80° geomagnetic lati-

tude will provide a rare opportunity to observe some of the

complicated phenomena of atmosphere—ionosphere—magnetosphere

(AIM) interactions. High—energy protons and electrons from

the sun distor t the geomagne ti c f ield , affect transpolar

very low frequency and high f req uency commun ica tions ,
con trol plasma motions in the magne tosphere , and inf l uence

the chemical balance of ozone and nitric oxide in the strato-

sphere. The AIM studies described in this report are closely

related and complementary to the worldwide International

Magnetospheric Study . Additional benefits could be derived

from the fact that the “conjugate path” of NDS in An tar ct ica

touches the Australian station Casey and the Soviet station

Mirny .

Remote sensing (Chapter 15)
Technological advances in the field of automatic data and

remote sensing devices during the pas t decade have grea tly
improved the efficiency of data collection. In addition ,

the new tools of remote sensing are prov iding en tirely new

kinds of data that have in the past been unobtainable in the

polar regions : large—scale high—resolution views of sea ice

fields and cloud systems, precise laser al time ter pr of iles

of the ice surface , images of the passive microwave emission

from different types of ice and water surfaces, to name only

a few. The remote sensing program for the NDS is specifically

designed to augment other projects by providing data on ice

thickness dis tribu tion , roughness , and strain and to aid in

the further development of remote sensing techniques by

. .
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acquiring ground truth data . Special consideration has been

given to making optimal use of specially processed data from

operational meteorological satellites in polar orbit as well

as from LANDSAT and the forthcoming SEASAT.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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OPERATIONAL SUMMARY AND PLANNING
The ship intended for use as the Nansen Drift Station is a WIN’)- lass

icebreaker constructed during World War II. The normal ship ’s opera t in g

crew of 200 will be reduced to less than 50. The number of persons on

board , including scientists and technici an s , should not exceed 110.

Aircraft support should consist of two Bell 205A— l lee 1 i cep t e- r ~~,

both permanently stationed on the ship during the spring and autumn .

A Dellavilland Twin Otter (turboprop) aircraft will be used for short—

and medium—range flights (buoy deployment , temporary camps , surveys).

Personnel rotation via Alert (Ellesmere Island) or Longyear Byen

(Svalbard) will be accomplished by C—ll7 (Super DC—3) or , if possible ,

C—130 (Hercules). The use of other types of aircraft will be considered

as operational requirements are specified .

The fuel capacity of a WIND-class icebreaker is large enough f or

approximately one year ’s operation, provided that the propulsion plant

is not used. In view of the high cost of fuel resuppl y by a ir , a study

is now under way to examine other possibilities of increasing the sta-

tion ’s fuel storage capacity. A limited resupply by air  or by an other

icebreaker (Polar Star) should be considered. Depending on the scien-

tific programs to be supported , cer tain modif ications to the ship wi l l
be necessary.

The following table lists a number of decision points , proceed ing

backward in time from the start of the ship ’s passive dr ift to the com-

mitment of funds for the project. If this time scale could be expanded ,

the quality of all preparations could be enhanced. It should be noted

that , under normal ice conditions , the month of September is the only

time at which the ship can be deployed in the desired location.

13
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Shi p cornmt tlces passive drift October

L.aptev Se~ research cruise August—September

Arrival Lap tev Sea Late August

Departure United States west coast Late July

Repairs and adjustments Early June

Shakedown cr uise June
Ins tallation of science equipment May

Ship modif ica tion comp leted Apr il

Procure field—support equipmen t December
Negotiate air—support contracts December

Beg in sh ipyard work November
Comple te opera tions plans November

Issue RFP for air support October
Initiate procurement of science gear October

Issue RFP for ship modification August
Submit ship engineering change orders August

Decide funding of science proposals )
Comple te plan for ship modif i cations ) Summer
Adjus t operations plan to science program )

A projection of the drift path of NDS, based on climatological

averages and previous drif ts, is shown in Appendix A.

t
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BUDGET SUMMARY
The following cost estimates are preliminary and approximate. The

budgets given in Chapters 6—15 have been adjusted , assuming that no

field project will last longer than two years. In all cases, the cost
of data processing has been included .

The ~-~ st ratio ef science versus operations in the core program of

AIDJEX , int~ -~~r tt ~~d over five years, has been approximately 1:1. It 3eems

noteworth y tha t the cost projections for NDS arrive at nearly the same

ratio. It should be noted further that the cost of adapting the NDS

platform cannot be reduced by more than 25 percent , even if it would

support no scientific program at all. Therefore, the cost—effectiveness

of NDS increases dramatically with the size of the science program. An

upper boundary for the science program is set by the limits of ship

space and air logistics. It is our recommendation that the total expen-

diture for science should approximately match that for operations.

Science $ Thousands

Marine geophysics and tectonics 1270

Mar ine geology and paleoclimatology 950
Physical oceanography 2227
Biology and biochemistry 1163

Marine acoustics 2335
Heat and mass balance of the ice cover 350

Troposphere 1500

Ice physics and eng ineering 1610
Atmosphere—ionosphere—magnetosphere 1750

Remote sensing 1210

TOTAL 14,365

15 
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Logistics and Operations $ Thousands
Ship conversion and operations 11,900
Aircraft operations 4,472
Personnel rotation 700

Suppor t equipment 600

TOTAL 17,672

~

- - ~~~~~ - - - ——~~~~-- - -~~~~~~~-— -.- -——-—-.-.---~~~- -~~~~~ -- - —~~~~~~~~~~ -- - - - - - ----



_ _ _ _ _ _ _ _ _ _-

II
SCIENTIFIC PROGRAM

~~~~ - - ---~~~~ --~~~ - _ _ -— -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - --~~~~~~--~~~~~~~~~ -- - - —  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -_ ~~~~~~~~~~~~~ -~~~~~~~ - -- ,~~~~_



4/OT

?~,-ecedx,~~ ~~~ 
y~a~wr ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~

-

6
MARINE GEOPHYSICS AND TECTONICS
1. BACKGROUND

Li  In t r o d u c t i o n
Since the earliest attempts to describe the tectonic evolution of the

ear th, the geological struc ture and the ori gin of the Arc tic Ocean

basin have been regarded as both a puzzle and a key to the satisfactory

interpretation of ocean basin—continent relationships . The position of

the Arctic Ocean between the major land masses of the northern hemi-

sphere, its obvious but constricted connection with the Atlantic Ocean

basin , and its position tangential to the ring of persistent orogeny
and modern crustal activity surrounding the Pacific Basin , have given
it a uniquely central pos~f tion in attempts to e> 7lain the pattern and

development of the major structures of the earth (Suess, 1904). Despite

(and possibly in part because of) the lack of factual information about

the characteristics of the Arctic Ocean basin , a large number of hypothe—

ses sprang up about its origin . Most of these were put forth in an

attempt to explain features of geology of the surround ing con t inen ts

(Eardley, 1961); from the point of view of most researchers seeking to

explain the origin of the ocean basins themselves, the Arctic Ocean was

until recently ignored .

Modern considerations of the origin and structure of the Arctic

Ocean basin date from the evidence that typical “oceanic” crust under—

lies at least part of the basin (Sykes, 1965) and from the discovery by

Soviet researchers (Sachs et al., 1955) (confirmed and extended by later

American studies) that the geographical region of the Arctic Ocean was

for more than half its areal extent underlain by continental shelves,

which surround a well—de fined “basin ” of typ ical ocean abyssal dep ths

crossed by three prominent ridges. The nature and origin of these

ridges , and of the distinct basins separated by them, make the Arc tic

Ocean one of particular geophysical interest.

19
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The Alpha Cordil lera is the r idge far thest f r om the Atlan tic
Ocean. It is nearly inac t ive seismically at presen t but has irregular ,
subparallel magnetic anomalies and rough topography, and many research-

ers have considered it to be a former locus of sea—floor spreading

(Vogt and Ostenso , 1970; Dawes, 1973). Other hypotheses view the Alpha

Cordillera as a former subduction zone or as subsided continental crust

(Herron e t al., 1974).

About 500 km distant from the Alpha Cordillera and like it ex-

tending ac ross from the Eurasian to the North American continental

masses is the Lomonosov Ridge, the most prominent topographical feature

in the Arctic Ocean basin. This ridge is a sinuous single feature

rising 3000 m above the surrounding plain with a smooth profile . It

has no recorded earthquake activity and appears to be devoid of small—

scale magnetic irregularities. Seismic refraction investigations sug-

gest a three—layer structure (Gramberg et al., 1974). The Lomonosov

Rid ge appears to be composed of con tinen tal material and may be a

sliver split from the Eurasian shelf edge by the development of the

Nansen Ridge and Eurasian Basin (Roots, 1969) .

The Nansen Ridge is a direct continuation of the globe—encircling

midocean ridge system. It is still active , with ear thq uakes oc curring

along a well—def ined rift and is the site of presen t cru stal ac tivi ty
in the Arctic Ocean basin . It is remarkably linear, for 2000 km from

the Greenland Sea to the Laptev shelf , of uniform width , with a crest

about 500 m deeper than the typical mid—Atlantic ridge and axial rifts

whose bottoms are in places more than 1000 m below the flat sediment—

covered floors of the adjacent abyssal plains. Magnetic anomalies

approach 1500 gammas and in places are apparently too low to be detected

but show the linear patterns typical of active spreading ridges

(Demenitskaya and Karasik, 1966 , 1969).
The Eurasian Basin, bisected by the Nansen Ridge , is the part of

the Arctic Ocean about which there is least information . Reconnaissance

bathymetric , gravi ty , and aeromagnetic data show a basin of relatively

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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simple form , smooth—floored , bounded on the southern and eastern sides

by a well—developed continental rise leading to a relatively steep,

complex slope to the edge of the Laptev, Kara, and Barents continental

shelves (Michajlov, 1969) but on its northern side abutting the Lomonosov

Ridge without conspicuous “rise.” Aeromagnetic data show apparently

relatively widespread linear anomalies of low amplitude offset by a few

apparent fracture zones (Karasik , 1974). Recent aeromagnetic surveys

over the “Atlantic” port ion of the basin shou ld throw valuable ligh t on

its character .

1.2  Si gnificant Problems

The Nansen Ridge and Eurasian Basin have a number of unique aspects

tha t are of grea t po ten tial signi f icance to the unders tanding of global

dynamics and the processes of ocean basin f orma tion and continental
tectonics. The Ridge is one of the few crustal plate boundaries that

approaches its own locus of rotational open ing, from an apparent p ivot

between two continental cratonic blocks whose relative movements over

geological time have been well recorded in the continental geology

(Gramberg and Kulakov, 1975). The basin apparently began to open about

60 million years ago (Vogt at al., 1970; P itman and Talwan i, 1972).

The consequent low spreading half—rates (0.5—0.8 cm/yr) and the likely

signif icant change of ra te with increasing distance from the locus make
the Eurasian Basin—Nansen Ridge an ideal laboratory for studying the

implications of d i f fe ren t geod ynamic models and the morphology and
crustal structure produced at various accretion rates. At the same

time , the existence of the Alpha Cordillera as either an apparent former
axis of spreading between the same continental masses (National Academy

of Sciences , 1970; Dawes, 1973), upon which motion appears to have

stopped about 40 million years ago (Vogt and Ostenso , 1970) , or as a
fossil subdu ction zone inactive for 80 million years (Herron at al . ,

1974) and the evidence of a still earlier spreading axis along the side

of the present Arctic Ocean (Yorath and Norris, 1975) provide compara-

tive examples of various stages of the dynamic process.
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The very slow rate of sedimentation in the Eurasian Basin should

make it possible to observe the physiographic expression of different

parts of the ridge system and to make measurements of heat flow and

magnetic charac terist ics uncompli ca ted by the insu la t ion of a thick
sedimentary blanket. The slow sedimentation may have contributed to

the preservation of deep rifts available for direct study .

Some of the most important tectonic and geodynamic problems for

which there is a unique opportunity for study in the Eurasian Basin—

Nansen Ridge area incl ude the f ollowing:

1.2.1. What are the manifestations of crustal strain and

density redistribut ion near the termination point of an actively spread-

ing ridge where it abuts a continental block?

1.2.2. Wha t is the pattern of fracturing by wh ich an accre—

ting sea floor adjusts to rotational opening at very low spreading rates?

1.2.3. How does the crust—mantle boundary adjust to the

continent—ocean floor boundary at the end of a slowly spread ing ridge?

1.2.4. What is the fine structure of a very slowly spreading
ridge in terms of intrusion sequence and spacing, pattern and magnitude

of geothermal heat release , magnetic characteristics , and morpholog ical

development under conditions of very slow sedimentation?

1.2.5. What are the longitudinal cha nges along the axis of
the ridge with distance from the locus as a function of increased rate
of spreading and/or increased time of spreading ?

1.2.6. What are the characterist ics, both crustal and sedi—

men tological , of the junction of the ocean ’s crust with the main mass

of the continent (e.g., the Eurasian block at the edge of the Kara and

Barents continental shelves) as compared with its junction with an

isolated and splayed submerged fragment of continental crust (the

Lomonosov Ridge)?

1.2.7. What is the internal structure and nature of the

“basement” of the Lomonosov Ridge , and how does it terminate against

or near the North American continent? 

_ — - - --
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1.2.8. What is the sequence and magnitude of motion on the

fracture systems bounding the Svalbard block, the Yermak Plateau, and

the northeastern part of Greenland , and what is their relation to the

fault systems of the midocean ridge system as it passes through the

junction between the Greenland Sea and the Arctic Ocean?

1.2.9. What was the configuration of the continental masses

around the north Atlantic Ocean area prior to the development of the

Alpha Ridge and prior to the opening of the Eurasian Basin; and what

were the characteristics of the sedimentary basin in which the rocks

now irnderlying the arctic continental shelves were formed?

1.2.10. What are the relationships between the geosynclinal

belts and fold systems of northeastern North America and those of

Svalbard , Franz Josef Land , and Novaya Zemlya? For example , the

fossils of East Greenland Mesozoic rocks are related both to Europe

and the rest of North America, excep t during the Cenoman ian stage ,

when there appeared to be direct affinities to Europe but not to fos-

sils in stra ta of the same age in nearby Canada , (Johnson et al., 1975);

however , Innuitian and Greenland orogenic belts appear to have counter-
parts (or continuation?) in Svalbard and Novaya Zemlya (Harland , 1975).

1.3 Critical Information Needed

Given the unique and almost ideal situation presented by the Arctic
Ocean for study of ocean—basin tectonics and the lack of detailed geo-

physical and geological informa tion , data are needed not so much to fill

gaps but to enable a start to be made at obtaining an understanding of

the rela tionships and processes at cri tical localities tha t bear on
the above problems. The information most urgently needed from the

Eurasian Basin—Nansen Ridge area includes the following :

1.3.1. A comparison of the geophysical fabric from (a) near

the junction with the Eurasian continental shelf; (b) across the cen-

tral part of the basin; and (c) near the Svalbard—Greenland “entrance.”

Magnetic patterns, gravity surveys, and measurements of plumbline de—

flection are most important to allow determination of relative spreading

~ 
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ra tes , tectonic stability, and densi ty distribution. Heat—flow data

and structural information from reflection and refraction seismic studies

are highly desirable and essential in at least two or three places.

1.3.2. Information on the structure and composition of the

Lomonosov Ridge and its relationship to adjacent structural units. Most

important data from this region are density distribution and patterns

(plumbline deflection and gravity, seismic refraction, if feasible),

heat flow, and magnetic character.

1.3.3. Crustal thickness and geological structure under the

abyssal plains , the Lomonosov Ridge , and the edges of the continental
masses enclosing the basin. This will require reversed refraction mea-

surements.

1.3.4. Detailed information across and along the Nansen

Cordillera: precision bathymetry ; measurements of gravity, magnetism ,

hea t flow, and seismic reflection ; sediment and out—crop sampling ; and

bottom photography (see Chapter 7).

1.3.5. Detailed bathymetric , magnetic, gravity measurements ,

and , if possible , heat flow and microseismicity information from the
complex of midocean ridge segments and fracture zones between Svalbard

and the Yermak Rise on the east and Greenland and the North Amer ican

end of Lomonosov Ridge on the west.

2. PURPOSE
2.1 Characteristics of the Shi p- I ce Station Combina tion

Given the variety and major importance of the structural problems to be

solved in the Eurasian Basin area, and the need for addi t ional data
from nearly all par ts, the research program of the Nansen Drif t Sta tion
must be selective so that the best information can be obtained from the

limited scientific and logistics resources and time that will be avail-

able on a single passage by a single ship. Only those programs should
be considared that (a) must be carried out in that part of the Arctic

or (b) are not place—specific but can be done much better from a ship

in ice (supplemented by surface traverses and ice camps) than from a

ship in open water. 

- - ——--~
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The proposed program takes advantage of the following factors:

(a) If the drift track goes according to the most likely pre-

dicted route, it will traverse the full length of the Eurasian Basin,

crossing the median Nansen Ridge at least twice .

(b) The very slow drift rates characteristic of most pack ice

movements (expected to average 3 to 6 km per day most of the time but

as low as 1/2 km per day at times), wi th periodic bu t uncon trolled

sharp changes in direction , make possible observations in close detail ,

not easily accomplished in the open ice—free ocean.

(c) The relatively stable and complete ice cover for large parts

of the year makes possible a variety of repea ted and mul tiple measure—

ments, simultaneous measurements from a number of stations that can be

a known and relatively constant distance apart (for periods of days), and

measurements from a stable and acoustically and elec trically quiet

base difficult to duplicate on the ice—free ocean.

(d) At the “Atlantic” end of the drift , the station will be in a

good position to carry out experiments in cooperation with shore stations

or near—shore parties on both sides of the basin.

(e) The self—contained characteristics of a modern vessel equipped

as a research station eliminate much of the housekeeping inefficiency,
cost, and hazard of aircraft—dependent camps on the floating ice and

make possible more effective immediately available computer facilities ,

labora tories, etc.; while the stable ice platform for most of the year,
with oppor tunity for over—ice and helicopter travel, temporary camps,
depots, and surface—mounted structures, makes possible the deployment of

extensive measurement arrays, locally isolated measurement stations,

simultaneous separate measurements , etc., in a manner not feasible

aboard ship. It is thus possible to capitalize on the advantages of

bo th ice stations and shi pboard techniques.

The program must, however, make allowance for the fact that both

the directions and rate of drift cannot be controlled , and tha t on the 

-- -—~~~~~~~~~~~~~~~~ --
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basis of the known tracks of pas t dr if ts there is a possibility that

the ship would be carried far to either side of the basin or be held

in the ice an extra year or more before reaching the Greenland Sea.

The program must therefore not be dependent on reaching any specific

part of the basin but must be able to turn unexpected deviation of

the track to good scientific advantage .

2.2. Specific Program Objectives and Locations

In order to obtain as much information as possible on the major problems

described in Section 1.2 above, with a geophysical specialist complemen t

of six to eight persons (including coopted geologists and oceanographers),

the proposed studies in geophysics and tectonics have been divided into

a number of separate programs related to the areas of critical informa-

tion outlined in Section 1.3. Each program comprises work in several

disciplines. The proposed geographic positions of these programs are

sketched on Figure 6.1. For reference , the programs are numbered GP—l

numbered GP—l to GP—7.

2.2.1. Program GP—l

To ob tain as complete a cross sect ion as possible of the physiography,
density distribution , magnetic characteristics , geothermal heat flow,

and , if possible , seismic velocities of sedimentary formations and
structural elements across the margin of the Eurasian continent at its

junct ion with the Nansen Ridge and Eurasian Basin.

2.2.2. Program GP—2

To obtain systematic and regular physiographic, density distribution,

magnetic, electric field , heat—flow , ear thquake , and seismic velocity

structural information on an accurately located but irregular longitudi-

nal section of the Eurasian Basin and its median ridge system by contin-

uous or close—spaced measurements along the ship ’s drif t track.

2.2.3. Program GP—3

To determine the geophysical characteristics and structural fabric

of the Eurasian Basin and Nansen Ridge along a transverse swath at

about Long. 90
0 
E. This, together with aeromagnetic survey results 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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and data from Programs GP— l and CP—2 may provide Information on the

relative spreading rates of the Basin and the mechanism of its

“advance” into a continental block.

2.2.4. Program GP—4

To obtain information on the internal structure of the Lomonosov Ridge

and the nature of its junction with the Hakkel Plain along t l i & -  northern

side of the Eurasian Basin .

2.2.5. Program GP— 5

To obtain information on the crustal thickness and physical homogeneity

of the floor of the Eurasian Basin.

2.2.6. Program GP—6

To determine the detailed morphology , density distribution , seismicity,

heat flow, outcrop compos ition, age , origin , and characteristics of

sedimentary fill where present , across the Nansen Ridge and the median

rift by close—space traverses and grid surveys of restricted areas at

a number of locations along the ridge .

2.2.7. Program GP—7

To determine the structural relations and crustal characteristics of

the “Atlantic ” end of the Eurasian Basin and the Nansen Ridge, specif I-

cally with respect to Svalbard and the Yermak Rise, Greenland and the

Morris Jessup Rise, Nares Rift , and the North American end of the Lomo—

nosov Ridge.

2.3. Relationshi ps with Other Research Programs

The proposed geophysical programs of the Nansen Drift Station are

direc tly relevant to a number of on going researches and studies being
undertaken by other agencies. In some instances, the proposed studies

will contribute directly to major international research programs and

represent the only feasible way to obtain data without which the world—

wide study would b~ incomplete . Furthermore , stud ies by agencies in other

parts of the Arctic or in related fields can be related to the proposed

program , to the mutual benefit of both if they can be so coordinated or

made compatible. 
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Examples of major lnternatioral programs to which the geophysics

and tectonics studies of the Nansen Drift Station are directly related

include the following.

2.3.1. International Geodynamics Program (IGP)

This program , to which more than a dozen nations are contributing under

the auspices of the Inter—Union Commission for Geodynamics of the

International Council of Scientific Unions , is aimed at solving major

questions of tectonic procosses and structural evolution of tlic &arth.

Both the I~nited States and Canadian National Conunittto--s on Ceodynamics

have drawn attention to the critical importance of the Arctic Ocean

art- ., and in their reports have recommended that acquisition of data

from t h ~ A r ctic Basin be given high priority. All programs , GP— 1 to

GP— 7, ~.i1l ‘n t r i h u t e  directly to the IGP.

2.3.2. International Magnetospheric Study (IMS)

The UIS is ii international cooperative enterprise , coordinated by the

Internar i na l ~njoc of Geodesy and Geophysics and the International

Union ol Radio Science (URSI) to make coordinated observations of the

geomagnetic field in order to understan d its dynamic behavior. The

observationa l phase of the program, to be undertaken in 1976 to 1978,

will include special magnetic stations in Greenland and a detailed

program in northern Canada. Geophysical Programs GP—1 , GP—2 , GP—3 , and

GP—6 of the Nansen Drift Station will contribu’e to the 1~1S by pro-

viding surface—based background information on the variations in

magnetic field and electrical and magnetic characteristics of the

crustal and mantle rocks under the Arctic Basin.

2.3.3. World Seismic Network

Programs GP—2 , GP—5, and GP—7 will be of direc t assistance to the

analysis of earthquakes undertaken by the worldwide network of earth-
quake observa tories , coordinated by the International Association of
Seismology and Physics of the Earth’s Interior (IASPEI). Program GP—2

(and GP— 6, if lucky) will provide nearby detec tion and measuremen t of

seismic shocks from an active fracture that so far has only been -

— - - , ~~~~~~~~~
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studied from a d i s t a n c e ;  and Programs GP— 5 and GP—7 s h o u l d  enab le  the

Arcti c Basin to be calibrated seismically, thus enhancing the accuracy

of teleseismic observations made outside the basin (see Section 3.i.6)~

2.3.4. International Geological Correlation Program (IGCP)

A satisfactory reconstruction of the age and history of development of

the Eurasian Basin (see Sections 1.2.9 and 1.2.10) will be of direct

aid to the solution of some major problems identified by the Inter-

national Geological Correlation Program of the International Union of

Geological Sciences , with regard to the correlation and nomenclature

of rock units and geological events between northern North America and

Eurasia. Because of the potential for economic resources in the rocks

of the northern parts of the continent in each area , improved cor-

relation and understanding of the sequence of events is of high

practical interest. All geophysical programs , but in particular GP— 1 ,

GP—2 , GP—3 , GP—6, GP—7 , and the aeromagnetic surveys will contribute

to the IGCP.

2.3.5. Tectonic Map of the World

The compilation of a Tectonic Map of the World is a continuing activity

of the Commission for the Geological Map of the World (CGMW ) of the

International Union of Geological Sciences. Its purpose is to produce

per iod ically the best available interpretation of the tectonic record
of the planet. To date , information from the Eurasian Basin has been

meager and the interpretation speculative ; and yet , fo r  reasons given

above , the region is of critical importance. All geophysical pro-

grams will contribute to this project , and it can be expected that

among the most visible results of the Nansen Drift Station will ‘~e a

revision of the arctic sheet of the Tectonic Map of the World and the

associated Geological Atlas of the World.

2.3.6. General Bathymetric Chart of the Oceans (GEBCO)

The geophysical programs of the Nansen Drift Station will contribute ,

along wi th the marine geology pr ogram , to the General Ba thyme tri c
Chart of the Oceans, a continuing activity of the International 
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Hydrographic Bureau and the Scientific Committee on Oceanic Research.

Geophysical and geological information are essential to the correct

interpretation of the morphology of the floor of the Arctic Ocean . In

the absence of such information , charts based on reconnaissance bathy-

metric data alone have to date been highly speculative. Programs CP—l ,

GP—2 , GP—3, GP—4, and GP—6 will be directly relevant.

In addi tion to the multinational programs coordina ted and
endorsed by international scientific unions or associations , there are

research programs carried out by other agencies that would be aided by

the Nansen Drift Station or with which collaboration would be of

mutual benefit. Examples of these studies are described in Section 3.6.

3 . OBSERVAT I ONAL PROGRAMS
In the following section the specif ic observa tions comprising the

elements of Programs GP—l to GP—7 (see Section 2 above) are described

in greater detail.

3.1. Specific Observations

3.1.1. Bottom Morphology and Shallow Subbottom Structures——

Needed for Programs GP— l, GP—2 , GP—3 , CP—4, CP—5 , and GP—6, as well as

for Marine geology , Oceanography , and Biology
Information on the undersea topography , while no t a geophy-

sical observa tion , is the most important single parameter for geo-
physical as well as other studies. Continuous information is required

along the drift trar~k; spot depths are needed at all gravity, magnetic,
and heat—flow stations and at suitable intervals (to give slope control)

along lines of seismic experiments. The precision depth recorders

should have the narrowest practical beam and sensitivity corresponding

to 10—rn depth accuracy or better , for slope and scarp discrimination .

A hull—mounted 3.5—k}lz system is desired , as it will serve as a shallow

seismic reflection system and provide information on the structure and

morphology within or beneath the sediments to shallow depths below

the sea floor.

The best bathymetric equipment would be a multibeam Harris

_ _
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array or equivalent , to chart a broad continuous swath beneath the ship.

Such a system would give information many times more valuable than that

obtained from a single fathometer profile and would greatly enhance the

scientific value of the drift . If a multibeam array is not possible ,

the use of pa ired , dangled side—scan sonar sets to be operated close

to the bottom in the vicinity of the median ridge , suppor ted from ice

stations about 1 km apart , should be carefully considered in conjunction

with the marine geology program. Low—angle sonar imagery of par ts of

the ridge would give additional information on its character. Such

equipment will also contribute to the backscatter experiments of the

marine acoustics program.

Underwater television equipment , suitable for operation near

the bottom at abyssal dep ths , would be a valuable supplement to the

geological and geophysical tools, as well as to biological studies .

3.1.2. Gravity——Programs GP—l , CP—2 , GP—3 , GP—4 , and GP—6

Gravity observations should be taken continuously from the ship during

Program GP—l , if it can be done by ship, and during the whole course of

the drift on Program GP—2. Particular attention must be paid to those

areas where, from aeromagnetic surveys, the charac ter of the magneti c

signature changes noticeably . On Programs GP—3 , GP—l if it is done on

the ice, and GP—5 , gravity readings should be taken at intervals not

greater than 3 km on two parallel lines about 5 km apart. Given thti

limited time and logistics suppor t available , it will be better to have

two parallel lines wi th somewha t more widely spaced readings , to estab-

lish directional trends of anomalies, than one line wi th more closely
spaced readings.

In Program GP—4, in areas of significant gravity gradient ,
a grid survey with station spacing of 3 km should be attempted . The

minimum data aimed at should be a surveyed strip 20 km wide across the

lower ridge slope and the junction with the Hakkel Plain and across the

crest of the ridge ; about 300 spot readings on this program appears

feasible, in locations guided by aerolnagnetic pattern , bathymetry , and 
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observed gravity gradient.

In Program GP—6 , spot gra”ity readings should be taken in as

much detail as possible and , as the data obtained appear to warrant ,

to supplement those obtained from the ship along the drift track. This

may require readings every 100 m or so in places. Such work will best

be done in win ter , using light over—ice surface vehicles to supplement

the helicopter. The ideal circumstance will be if the ship is drifting

over the Nansen Cordillera each winter .

3.1.3. Plumbline Deflection——Programs GP—2 , GP—4, CP—5 ,

and GP—6

A study related to the gravity investigations and capable of provid ing

information of value for interpreting geological and cc istal structures

is the continuous recording of the deflection of the plumblir’e as the

station drifts across the ocean bed. The deflection is determined by

comparing the difference between astronomically determined and satellite-

determined geographical position of the moving station , coupled to a

fixed bottom referencing system. An experiment of this type has been

carr ied out near the Lomonosov Ridge at the Nor th Pole , using conven-

tional astronomic observing techniques (Lillestrand and Weber , 1974),

where it was found that observa tions of ±1 second of arc were f easible

and gave results of signif icance for  geophysical interpretation . The

me thod provides a powerful tool for aiding the interpretation of gravity

anomalies and for providing inf ormation on the shape of the geo id
(see Section 3.1.9).

The drif ting station will be routinely providing NAVSAT

position and acoustic bottom referencing . Thus a plumbline deflection

stud y can be accomplished by obtaining reg ular and acc ura te astronomic
fixes. These are best done by an automatic astronomic positioning

system (AAPS), prototype models of which can determine stellar positions

to +0.75 second of arc over a 2—hour period while the sun is 10 degrees

below the horizon. Thus, the AAPS is ideally suited to winter arctic

operations and would make skilled precise conventional stellar

~
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observations unnecessary during much of the drift.

3.1.4. Surface Magnetic and Electric Field Observations— —

Programs GP—l , CP—2 , GP—3 , GP—4, and GP—6

Measurement of the magnetic field in three components should be an

integral part of all field studies and traverses on the above programs .

Magnetic measurements should be taken at each station where gravity and

bathymetric data are obtained . This will provide referencing and detail

to the aeromagnetic surveys and aid greatly in the correlation of

regional aeromagnetic patterns with interpretations of gravity, phy—

siographic , seismic, and heat—flow data.

Use of a portable gradiometer will eliminate problems of

undetermined diurnal variations when working away from the ship.

Sediment cores will be needed from representative locations to provide

near—surface magnetic stratigraphy . These can be provided by the

marine geology program.

The ship will be expected to tow——dangle may be a better

word——a standard seagoing magnetometer during the entire drift (Pro-

gram GP—2). Consideration should be given to the degree to which the

ship can be equipped as a magnetic observatory, in view of its con-

struction and the power demands of other experiments. At the very

least, variome ters and gradiometers must be available to establish on
the ice, at a sui table dis tance f r om the ship , a “base station” to

obtain magnetic data compatible with that routinely recorded at Alert

and Ny Alesund , during the traverses of Programs GP—l and GP—3 and the
- 

detailed aeromagnetic flights (see Section 3.6.2.1).

The Nansen Drift Station provides a first and excellent

opportunity to measure electric and magnetic fields in the lowermost

atmosphere and in sea ice and to observe the secu lar changes attending
ionosphere dynamics and fluctuations in atmospheric ion loads (e.g.,

concentrations of SO). The Arctic Ocean environment provides an ex-

tensive area of uniform earth surface with minimum electric—field dis-

turbances and maximum exposure to magnetic storm phenomena . Two 
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additional questions could be attacked ;

(a) Electric field relationships of migra t ing solu te ions

in the water films within sea ice;

(b) Contributions to electrification of the atmosphere by

particles injected into the atmosphere by bubbles

in the sea (see Blanchard , 1963).

To aid in meeting these objectives , and objec tives in

marine biology and biochemistry (see Chapter 9, Section 1.8) relating

to electric and magnetic fields , we recommend electric fields and VLF

wave detector measurements as follows:

(a) Atmospheric electric field (vertical) from 0 to 1 Hz.

(b) Three—component vector magnetic field using standard magnetometer.

Cc) Three—component magnetic pulsation detector up to ~ 5O Hz.
(d) Broadband VLF radio receiver from 100 lIz to 100 kHz.

Addi tionally , attent ion should be given to methods and

instrumentation for measuring electric potential generated by the

freezing process in sea ice.

3.1.5. Heat Flow——Programs GP— l , GP—2 , GP—3 , GP—4, and GP—6

The Nansen Drift Station project provides a unique opportunity to obtain

close—spaced heat—flow information along an active spreading axis and

at critical locations in a young but well—developed ocean basin .

If Program GP—1 can be done by ship, a heat—flow station should

be established whenever f easible , but , in view of likely ice cond itions

and the urgent need to keep moving f or the oceanographic and gravity

programs, it is possible that desired heat—flow measurements may have

to be ~,acrificed .

-
. Throughout Program GP—2 an attempt should be made to establish

- ‘ one heat—flow measurement per day , in conjunc tion with the geolog ical
coring program. This should give read ings less than 5 km apart down

much of the length of the basin. Representative sediment cores must be

measured for thermal conductivity.

- —- — --~~~~~~~~~~
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in Program CF— i , if it is necessary to do it on the ice , and

for Programs GP—3 and GP —4 , d e t e r m i n a t i o n  of heat flow should be made

at abou t every fifth station (e.g., about every 15 kin) on a routine

basis and at closer intervals in critical regions if time and logistics

permit. Particular attention should be given to obtaining representative

heat—flow measurements at the margins of the Eurasian Basin , as well as

near the median ridge . This work should be coupled with stud ies by

the geological team and oceanographers of the rate of sedimentation

and the stability of sediments and the activity of bottom currents at

the foot of the Eurasian continental slope and of the Lomonosov Ridge .

For Program GP—6 and as a supplement to Program GP—5 , heat—

f low measurements should be taken as frequently as possible . In areas

of detailed survey it will be advantageous to have dup licate equipment

so that staggered readings can be taken from two or more locations on

the ice a kilometer or so apart , one station being established while

the other is reaching thermal stability.

3.1.6. Earthquake seismology——Programs GP—2 , CP—3 , GP—5 ,

GP—6 , and CP—7

The earthquake seismology studies should be aimed at locating the

precise center of activity and characteristics of erergy release by

earthquakes along the Nansen Cordillera and at obtaining data on the

crustal structure of the Arctic Ocean region by interpreting energy

from more distant earthquakes that passes beneath part of the basin.

As part of Program GP—2 and a contribution to Program GP—6 ,

it is proposed tha t the ship suspend a seismometer a few hundred meters
above the bottom throughout the entire drift . This will not be able to

record shear waves but will give a complete record of first arrivals

and maximum compressional waves for the duration of the cruise . The

suspended seismometer should be supplemented by bottom seismouieters

left in selected places, ei ther acous tically te lemeter ing or tether ed
to the ship by a slowly unwinding cable . The bottom seismometers would

have to be considered expendable , although with good fortune some may be
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recoverable. For initial planning, it is suggested that four such units

may be considered for deployment on the floor of the Eurasian Basin.

The positions would be de termined from a study of presen t seismic ac t ivity

and the rate of ice drift; they would be most useful (and have best

chance of recovery) in areas where the ice drift rate is slowest . It

would be desirable to have two bottom seismometers near the median

r idge during Program CP—7 .

The study of earthquakes from the Arctic Ocean area and of the

arctic continental and oceanic structures in general would be greatly

facilitated if seismic calibration explosions were released during the

drift (Program GP—2). To date , the earthquakes along the Nansen Ridge

(and elsewhere in the Arc tic ) have to be studied only by teleseismic
observations because of lack of recording stations within the polar basin

itself. As a result, there is uncertainty of location for all past

events in the area, and thus , teleseismic methods have not been as

valuable in the Arctic as in other parts of the world in contributing

to the study of the crustal structure and tectonic development . A con-

trolled explosion within the region and observed at teleseismic distances

will render travel—time and amplitude corrections of great importance

for the crusta]. studies for the whole area.

The study of the upper mantle under areas that have no local

seismic network is also d i f f icult un til some calibrating shots have been
fired. The most important studies in question are concerned with the

depth functions for the seismic velocities and for the energy loss co-

efficients.

The size of explosion necessary to be recorded at teleseismic

distances has been proved to be of the order of 10 tons of TNT if ex—

ploded at the optimum depth as a simple charge . Equ ivalent teleseismic

signals to those of a single 10—ton charge can be obtained by explosion

of four one—ton dispersed charges (Jacob, 1975). The large explosions

can also contribute to the seismic reflections and acoustic programs.

The multipurpose seismic array proposed for seismic reflec tions

~
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studies (see Section 3.1.7) will also be useful in detecting and locating

earthquake shocks. In particular , it will provide a possibility for

differentiating earthquakes originating on ridges from those on fracture

zones (Program GP—6).

If a comp lementary ice station program can be established on

the Lomonosov Ridge near 87° N (North American side), it should also

have a bottom—mounted seismoineter to sample , however br ief l y ( two weeks

seems optimistic for staying within low—power acoustic range), for

microearthquakes.

The Nansen Drift Station must have communication capacity to —

exchange seismic data whenever required with Alert and other obser-

vatories in the world network.

3.1 .7 .  Ref lec t ion  Seismology——Programs GP—l , GP— 2 , GP—3 ,

GP—4 , GP—5 , and GP— 6

Seismic reflection measurements can provide much valuable data on the

nature and thickness of the sediments (Marine geology program) as well

as the underl ying rocks and structures, bu t in view of its high man-

powe r and logistics requiremen ts compared with other geophysical stud ies ,

it must be employed spar ingly and where the data obtained are particularly

valuable.

The principal seismic reflection stud ies will be carried out

near the ship, as a contribution to Programs GP—2 , GP—5 , and GP—6. It

is proposed that a crossed or V—array of about 30 detecting elements,

centered on the ship and with legs 15 to 40 km long depending on local
transport and telemetering equipment , be set out as soon as the ship

gets well frozen into the ice. At each detecting site , two hydroph ones

would be suspended at different depths beneath the ice, attached to

buoys with UHF telemetering equipment , which would send data to a

central processing station on the ship. An air gun on the ship would

provide the seismic energy.

It will be necessary to determine the position of each detector

station in the main array on at least a daily basis as the array changes

-. --— - 
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shape because of ice movements. This can be accomplished by a “sing—

around ” cal ibra tion system using each hydrophone as both tran smitter

and receiver to give distances between all instruments, which can be

reduced to a daily configuration of the array. With hydrophones at

two depths at each location, it should be possible to locate the direct-

ion and vertical angle of energy wave paths and to differentiate earth-

quake waves ar ising from below from ice frac ture noises originating on

the surface .

This array should provide information on the thickness and

structure of the sedimentary and near—surfac e igneous rock un its

throughout the Eurasian Basin and , in par ticular , provide a three—

dimensional picture of the ridge and fracture system and sediment—

igneous relationships in considerable de tail for  representative par ts

of the Nansen Ridge. With proper selection of frequency range and

dynamic range ’of the detecting equipment , it can also contribute

d irectly to the earthquake de tection , refraction seismology , and marine

acoust ics programs. -

For reflec tion prof i l ing from the ship,  an air gun would be
satisfactory. At times of considerable ice movement , however , a

variety of energy sources and hydrophone/geophone frequency f ilters

should be available . Under some conditions it may be desirable to use

directional energy sources operated near the sea floor.

In the programs undertaken on the ice away from the ship, the

highest impor tance f or seismic reflection stud ies should be given to
(a) determination of the structures at the edge of the Eurasian con-

tinent (Program GP—l , if it cannot be done by ship); (b) the midslope

and west of the Lomonosov Ridge , if it can be reached (Program GP—4);

and (c) the central cross section of the basin (Program GP—3).

Seismic reflection equi pmen t opera ted away from the ship
(e.g., on Program GP—1 , if not done by ship , Program GP—4) will have to

be portable , simp le , and rapid in operation . This limits it to relatively

high—energy, nondiscriminating measurements. Traverses in midocean under
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heavy ice cond itions, using proven six—c hannel recorders and shot points

15 km apart using two helicopters and a six—man team have been able to

cover 100 kin per day, which would appear adequate with good safety margin

for the proposed studies. The work could be done with a single heli-

cop ter , at a slower rate and greater net fuel consumption. Experienced

crews are essential. Telemetering seismometers are an operational

advantage , provided they possess adequate reliabil ity under arctic

conditions but to date have proved little saving in logi’~tics require-

ments.

On—board computer capacity should be able to handle first

reduction of data, for immed iate modification of field programs.

3.1.8. Refraction Seismology——Programs GP—5 , and GP—7

Refraction seismic measurements are necessary to establish the

dimensions , form, and likely composition of the major structural units

and the underlying crust. Because of the heavy materials requirements

and the manpower involved , the stud ies must be few and carefully pre-

pared . The seismic reflection measurements (Section 3.1.7) and most of

the other geophysical studies should be designed and scheduled to be

supportive of the refraction experiments where appropriate.

No refraction data appear to be available from the Eurasian

Basin. The most important places for these studies appear to be (a)

the floor of the Basin near the Eurasian end but outside the continental

rise (Program GP—5, supplemented by Program GP—l); (b) the floor of the

Basin somewhere near its middle but not immediately adjacent to the

active central ridge (Program GP—5); and (c) the “Atlantic ” end of the
Basin (Program GP—7).

At each location , Program GP—5 should comprise crossed or

two armed reversed refraction profiles at least 80 km long to give unit

thickness, velocity profi les , and anisotropy information for the crust
and to determine the depth and slope of the crust—mantle boundary.

Large explosive charges (1000 kg plus) will l ikely be necessary.

Program GP—7 is a reversed seismic refraction experiment ,

k 
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utilizing the ship, three stations near shore , one station on the Lomonosov

Ridge if poss ible, and , ideally, cooperation from Soviet observers on

Franz Josef Land . At least two sets of shots and recordings should be

made , with the ship in dif ferent positions , ideally at least 100 km

apart as it drifts toward the Greenland Sea. The two sets might there-

fore have to be scheduled as much as three weeks apart. As shot—recorder

distances are up to 800 kin, shots of up to 3000 kg may be needed . A

good quality, dedicated communications network is also required.

The exper iment will depend on the active collaboration of

shore par ties ope rat ing out of Svalbard , Greenland , and Arctic Canada .

It would be undertaken in the second (last) spring, preferably during

April.

3.1.9. Navigation and Geodesy——All programs , Particularly

GP—2 , GP—4, GP—5 , and GP—6

The highest possible positional accuracy is needed for all bathymetric

and geophysical information . On—track relative distance accuracy should

be 200 in with geographical accuracy of prof iles and spot stations to

500 m. Surface magnetic observations will require azimuth determinations

accurate to within one half of a degree.

It will be convenien t f or most of the routine positions and
relative positions to be recorded on a terrestrial—based coordinate

system through calculated satellite orbit. However, because of the lack
of information about crustal density and thickness in Arctic Ocean

area , the lack of regional grav ity information , and tht~ absence of

pendulum measuremen t stations , the fit of the geoid is not known in
the area of the drift . It is, therefore , important that positions
based on celestial coordinates be established along the course of the

drift and the satellite—based coordinates be referred to them for

absolute positioning. Comparison of astronomic and satellite positions

is essential for plumbline deflection studies (Section 3.1.3) in con-
junction with gravity studies and will enable geoid corrections to be

determined. 
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An automatic astronomic positioning system , accura te to 1

second of arc or be tter (Carroll , 1969) will be able to provide celestial

positioning on a routine basis except during the summer when the sun is

continuously above the horizon . As a backup , for use in summer and on

traverses ove r the ice (especially Program GP—4), a good quality theo—

dolite , reading to 0.5 second of arc , is adequate. Away from the ship ,

geode tic observa tions and nav iga t ion will be the respons ib ility of a

geophysicist , who should develop in advance the necessary observational

skills.

During the summer, persistent stratus cloud will prevent

astronomic observations on many days.

3.2. Instruments

The major items of equipment needed for installation on ship or prepared

for ice stations are listed in Section 5.2.

3.3. Prog ram Schedules
The geophysical programs outlined in Section 2.2. are closely constrained

in timing by the severe seasonal changes in the arctic environment and

the uncontrollable rate of progress of the drifting station itself. Ex-

tensive traverses away from the ship can only be made when ice conditions ,

average weather, day light , and temperature permit a reasonably safe and
efficient operation ; near—ship studies can only be carried out when the

ship has drifted to an appropriate geographical location at a time of
suf f icient daylight for useful field work .

It is proposed that bathymetric , gravity, plumbline deflection ,

towed (suspended) magnetometer, heat—flow , and suspended seismograph

measurements will be taken continuously or at frequent intervals during

the entire course of the dirft (Program GP—2). This may not be possible

during parts of the cross—basin traverse (Programs GP—1 and GP—3), the

Lomonosov Ridge studies (Program GP—4), and the seismic refrac tion
studies (Program GP—5), because of manpower shortages , but the losses
during these periods will be short and compensated by increased data

from critical areas.
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P rogram ~P—1 : It is desired that this program hc carried out

from the ship, prior to its inscrt ion into heavy ice , while the ship  is

s t i l l  mobile. The ship should plan to reach tbe survey area about

September 10. The heat—flow element of this program may have to be

sacrificed in the interests of maintaining mobility If the ship cannot

reach the survey area in reasonably l ight ice , or become s beset before

comple t ing the program , the traverse should be completed by helicopter—

supported stations on the  ice rat he r t han risk delay or expenditure of

excessive fuel in ice—breaking .

If the program is to be carried out from stations on the ice ,

it should take about two weeks , depending on the amount of seismic re-

flection work , if the crews and pilots are already experienced in ice—

station geophysics. Operat ionally, this pr ogram will be a race be tween

delaying the s ta r t  to enjoy more dependable ice condi t ions  and speeding

the f inish before decreasing dayli ght and winter storms make operations

impractical and unsafe .

Program GP—2: The longitudinal traverse through the Eurasian

Basin will be carried out during the whole time the ship is in the ice.

The approximate work load will be as follows:

Bathymetry and bottom morph’logy : continuous

Grav ity: continuous

Plumbline deflec tion and geodesy: continuous Sep tember

to March , once daily March to September when sky is

clear or broken .

Magnetome try: continuous or daily
Heat flow: once daily except for when in conjunction

with GP—6, then as frequently as possible

Seismic array: several times daily when ice conditions

are suitable

Program GP—3: This traverse must be considered one of the

main e f fo r ts of the Nansen Drif t Station geophysics pr ogram , and much of

the preparation and scheduling should be devoted to it. It can be done 
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most effectively during late March , Apr il , and early May. Logistically

and from the point of view of timing it should be combined with Program

CP—4. Three to four weeks should be devoted to the traversing parts of

this program. It is important that this program not be curtailed by the
“spring airlift ” and crew rotation or demand for the helicopter and STOL

aircraft.

Program GP—4: The studies of the Lomonosov Ridge are best

carried out at the northern end of the traverse of Program CP—3 and

would require an ice—station satellite camp , fuel depot , and navigation

beacon to support both programs. Two to three weeks, preferably late

Apr il, should be planned for this study.

Program GP—5: Studies of the floor of the Eurasian Basin

should be undertaken in periods of good weather when the ship is in a

good position as apparent from bottom physiography and aeromagnetic survey

information . About five days will be needed for each complete “shoot.”

Preferred times , assuming average ice dr i f t ra tes , appear to be early

winter and late winter of the first overwinteririg period ; and autumn of

the second year . Related information will , of course , be picked up in

the spring of the final year if Program GP—7 is carried out. If Pro-

gram GP— 7 does not materialize , Program GP—5 should be continued in the

spring of the final year.

Program GP—6: Studies of the Nansen Cordillera will be under—

taken whenever the ship is in an appropriate position, subject to the

• temporary prior claim of Programs CP—3, GP—4, and GP—7 on personnel.

Depending on where the ship is inserted into the ice and the course of

the drift , this program will be active any time after late spring of the

“drif t year .”

Program GP—7: This must be carried out between late March and

mid—May , subject to the schedules of the cooperating stations.

Delay caused by slow dr i f t : I t is poss ible , although statis—

• tically the chances do no t appear to be hi gh, that the ship would not

drift across the Arctic Ocean from the Laptev Sea to the Greenland Sea

in just under two years but would remain in the ice for a third winter .

ii 
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In that case the seasonal timing of the geophysical programs would not

be c hanged, but Programs GP—3 , GP—4, and GP—5 would be repeated during

the additional year , with positions of the studies changed according

to the progress of the drift. It is also possible that Program GP— 7

could be run twice , first from a position more centrally in the Bas in

and again the following spring, provided it was possible for the ~o1—

laborating agencies to mount two successive programs . However, prefer-

ence should be given to Program GP—7 in the spring period when the ship

is in the optimum position to obtain structural and crustal information

on the Greenland Sea end of the Eurasian Basin (Figure 6.1).

Su f f icien t suppl ies , par ticularly helicopter fuel and seismic

explosives , should be carried to ensure that maximum scientific bene-

fit can be realized from a delay in the drift progress.

Changes due to Unexpected Drift Course: It is entirely

possible , al though not likely that after being frozen in the ice in

Laptev Sea, tha t the ship would no t drif t down the axis of the Eurasian

Basin but could be carried widely to either side. In this event , the

programs proposed (except CP-6 and possibly GP—4) should still be

• possible. The timings would not be likely to change.

General Calendar: A generalized calendar and schedule of the

principal geophys ical programs , based on a two—winter drift crossing of

the Basin is given in Figure 6.2. If the drift were to take a year

longer than expected , the schedule shown in the middle “dr if t year ”

would be repeated with little change in timing.

3. L+. Personnel Required

Personnel demands are most critical on over—ice work away from the ship

(Programs GP—l , GP—3, GP—4). Three persons (one of whom ran be the

helicopter pilot if he is willing to work as technical field assistant)

can handle the portable depth sounding, gravity, and si rf a - &- magnetic

data; two additional persons are required for heat—flow measurements.

Explosion seismology measurements will require a minimum ol six persons

and preferably six plus two pilots who double as field assistants. 
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(Jeop h ysical observations on board or alongside the ship can

be handled by the same crew as that for work away from the ship, pro-

vided geodetic skills are available for the plumbline deflection work.

To avoid shutd Iwn of on—board observations during over—the—ice programs ,

one experienced technician should be assigned to the ship at all times.

It is assumed that ship fathometer operation and positioning will not

be the responsibility of the geophysics team.

As in all opera tions of this type , the field personnel must

be ver satile , skilled in their own disciplines, and able and willing

• to assist as a matter of routine with other disciplines. On the basis

of cooperat ion and shared workload, a minimum bu t feasible geophysics

team appears to be as follows:

Technicians or
Investigators Assistants

Gravity/surface magnetics/portable
bathymetryi’plumbline 2 1

He at f l ow 1 1
Seismic experiments 2or 1 1 or 2

TOTAL 8

Of this number , at least one can be a pilot and at least one shared with

the marine geology group . Personnel may have to be “borrowed ” from the

geology or oceanograph y group for seismic experiments and could be “lent”

to that group to help with long cores and dredging, monitoring under-

wa ter TV , and the like.

Two of the team must be properly trained and licensed to

handle explosives.

Program GP—7 can be handled from the drifting station with the

team available . It will also require a minimum of four persons plus

logistic support at each of the three or four cooperating stations .

3.5. Data Management
All sign if ican t data will be submitted to the appropria te na tional
or international data banks one year after delivery from the ship or 
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station. Data such as seismic refraction measurements for which no

generally recognized bank exists will be stored for distribution to

interested scientists by the principal investigators. Information on

the type of da ta , its forma t and referenc ing, loca tion , and accession

will be filed with the project central director or committee by each

• principal investigator.

3.6. Collaborative and Coope rative Studies and Activities

For maximum scientific effectiveness and to obtain the greatest op-

era tional eff iciency and economy , the above programs must be coordin-

ated with and extended by related studies in other fields, which are

undertaken during the drift , and by collaboration or cooperation with

programs in the Arctic Ocean region undertaken by other research groups

and programs.

3.6.1. Other Studies Undertaken from the Drifting Station

When the basic scientific objectives and major elements of the plan

have been approved , it will be necessary, for  max imum scien ti f ic

effectiveness and to ensure that the design of shipboard facilities

and scheduling of their uses is optimized , that careful attention be

given to the planning of joint and cooperative studies between differ—
• ent teams and major disciplines during the course of the drift . The

need for cooperative and collabora tive planning between the various
• studies prior to finalization of schedules and even where possible prior

to the decisions of the location of electrical outlets in the ship ’s

laboratories can make a vital difference to whether the drift experi-

ment runs smoothly and is a coherent integrated study or whether it is

a collection of disparate individual investigations.

Areas where active collaboration between the marine geophysics

and tectonics program and other identified programs proposed on the

drif ting station include:

• Marine geology and paleoclimatology :

— physiographic interpretation ; bottom photography ;

i~~~~ _•i~ ,_ _ ._ •_ u_ •______ • _~
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— dc nsity, magnetic stratigraphy, and thermal

conductivity of near—surface sediments;
— geochemistry of igneous rocks and their detritus;

— rate of sedimentation , past and present;

— paleontological record of source of sediments

and past conditions of sedimentation ;

Ph ysical oc eanography :
— b -ttom currents and temperature gradients;

Marine acoustics:

— elastic characteristics of bottom materials;

— morphology of bottom features;

Atmosphere—ionosphere—magnetosp he re:

— variations in electric and in magnetic fields ,

on the surface , at shallow and modera te depths ,

within and under the ice ;

— crustal conductivity;

Marine biology:

— observations of plank ton ic behav ior in possible

relation to electromagnetic fields

3.6.2. Collaborative Studies with Other Research Programs

Some geophysical studies currently under way are essential to an ef—

fective geophysical program of the drift station. Parts of the program

• are dependent on, or would be greatly enhanced by, collabora tive or
associa ted stud ies under taken by other agencies in d i f fe ren t par ts of
the Arctic. The most important of these are outlined below .

3.6.2.1. Aeromagnetic Surveys

An effective means of resolving the major sequence of crustal motions

and rela ting the Nansen Rid ge dynamics to the broader Arctic Ocean
dynamics is through regional aeromagnetic surveys supplemented by

• detailed aerial magnetic s tudy of selected sites where specific boundary

conditions exist .  Regional magnetic surveys with track line spacings

• of between 5 and 20 km can define the structur al fabr ic  of the Eurasian
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Basin and serve to identify and locate optimium areas for detailed

study from the drift station in a number of other disciplines such as

gravity, heat flow , and seismic reflection . The resultant magnetic

anomaly pa tterns , also under certain widely accepted assumpt ions, pro-

vide age cont rol for interpretation of the development of the Arctic

Ocean. They can, in addition , provide regional integration for the

interpretation of bathymetric , side—scan sonar, and reflec tion seismic

data by outlining fracture zones, which are often steep scarps or

valleys, seamounts , and spurs on subsea ridges.

It is essential that the results of the regional aerial

magnetic survey of the Eurasian Basin be available prior to the initiation

of the drift. This information is needed for on—board planning of

Programs GP— 1 to GP—7 , whose precise locations will depend on the rate

and course of the drift and thus the position of the ship at the suitable

times for each program. Three—component measurements of the magnetic

field are desirable , with recorder sensitivity at least to one gamma .

Flight lines should whenever possible be perpendicular to the main

linear tectonic elements with frequent cross—lines as ties to allow for

discrepancies in positioning . Relative positioning (line to line) should

be justified to within 1 kin , and absolute geographical positioning to

within 5 km. Care should be taken to ensure that fixed—base—station

magnetic variation data in the surrounding area——at Ny Alesund , Nord ,

Aler t , and Mould Bay——are compatible and calibrated to allow correction

of temporal magnetic characteristics at the time of the survey.

The regional aeromagnet ic surveys should , if poss ible , be

supplemented by surveys in greater detail , at the lowest practical

f lying al titude , over critical areas of the median ridge and flanks and

the Lomonosov Ridge . It would be most desirable if these surveys could

be carried out at the same time as the drift , using the ship (more

probably a station on the ice nearby) as a base station and tying in

with surface magnetic measurements obtained during Programs GP—2 , GP—3 ,

GP— 4 , and GP—5. 
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3.6.2.2. Seismic Refraction Studies

Program GP—7 represents a unique opportunity to attach one of the most

important tectonic problems of the northern hemisphere (National Academy

of Sciences , 1970; Dawes 1973). Its success depends on the establish-

ment of a complementary and coordinated program of seismic refraction

shot points and recording stations on the ice north of Svalbard , nor th

of Greenland , north of Ellesmere Island , and if possible on the

Lomonosov Ridge or over the Makarov Basin at about 87
0 

N latitude , plus

observations at the geophysical observatories at Ny Alesund , Nord,

Alert , and Mould Bay. Using the drifting station as a central station ,

this experiment would permit reversed seismic refraction profiles to

be run across the Atlantic end of the Eurasian Basin and obtain in-

formation on its contained and bounding structures and underly ing

crust . If at the same time it was possible to undertake coordinated

recording and shooting from Franz Josef Land or Novaya Zemlya , the value

of the experiment would be still further enhanced .

3.6.2.3. Complementary Studies on Lomonosov Ridge or

Makarov Bas in
At intervals since 1967 , Canad ian researchers have under taken stud ies
of the Arctic Ocea.) basin and crust between the northernmost Arctic

Islands and the North Pole , under the auspices of the Earth Physics

Branch and the Polar Continental Shelf Project of the Department of

Energy , Mines and Resources . Field studies have been carried out when

manpower and resource commitments permitted ; to date there have been

two programs near the North Pole, over the Eurasian Basin close to the

t foo t of the Lomon osov R idge , concent rating on geodetic , gravity, and

ocean— tilt measurements. The next studies planned in the series , to

be undertaken when resources are available , will include gravity,
heat—flow , plumbline deflection , magnetic , and seismic investigations

across the crest of the Lomonosov Ridge and the Nor th American end of
the Makarov Basin and Alp ha Cordillera . The value of both this work 

-

•

and of the Nansen Drift Station (NDS) studies would be great ly enhanced
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if the ice station over the Lomonosov Ridge (necessarily occup ied in

the spring) were to be established while the NDS was in the appropriate

part of the Basin (i.e., during the second spring of the drift). Each

station could thus use the other as a logistic and navigation base and

carry out complementary and joint programs . NDS Programs GP— 3, GP—4 ,

and CP—7 apply; also studies in marine geology and oceanography . The

safety factor of critical off—ship traverses during this period of

the drift will also be increased by the presence of another midocean

station , with attendant air support and communications system. It

will be essent ial that both operations have a compatible navigation

system.

3.6.2.4. Conjugate Point Studies

Consideration should be given to the desirability of undertaking co-

ordinated magnetic measurements from the ship and from its geomagnetic

conjugate point in the southern hemisphere , if and when the drift

track passes through an area conjugate to an observing station in or

near Antarctica. Because of the uncontrollable course and rate of the

dr ift track , only approximate and once—only experiments can be expected ;

but because of the absence of geomagnetic behavior measurements from

this part of the planet and the extreme difficulty of obtaining more

sophisticated data , any information would be valuable . On the NDS ,

the observations could be carried out through cooperation between the

geophysics and atmosphere—ionosphere—magnetosp here teams on Program GP—2 .

What is needed is to prepare , in advance , for coordination and collabor-

ation with observing stations in the southern hemisphere .

4. REMOTE SENSING
Not applicable in the usual sense of “remote sensing ” programs . Two

special types of “remote sensing ” are , however , essential to the geo—

physics program here proposed :

(a) Aeromagnet ic surveys (see Section 3.6.2.1). and

(b) Satellite orbit calculations , for reg ional interpre-

tation of the gravity f i e ld , for plumelinc deflection ,

p 
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and for geoid observations (see Sections 3.1.3 and

and 3.1.9).

5. LOGISTICS

5 .1. Movement of Staff to and from the Drifting S ta t ion

It appears essential that the drift begin with as experienced a crew

as possible, so that the critical program GP—l can be carried Out with

dispatch and success from the start without having to learn as one goes

and miss the only chance for information from this unique location.

At least half of the GP—l team should be prepared to spend the winter

on the ship and take part in Programs GP—2, GP—3 , and GP—4.

From an operational point of view, the mos t suitable times
for staff rotation coincide with the best (or only feasible) periods

of away—from—the—ship studies. Careful thought should be given to

plans for personnel exchange, to ensure that the demands from other
disciplines , whose studies are not so critically dependent on seasonal

ice conditions , do not curtail the effectiveness of the geophysical

field inves tigations.
Continuity and the passing on of local experience and methods

of dealing with idiosyncratic equipmen t are essential if the da ta are
to be consistent. Thus complete turnovers of crew are to be avoided.

The best times for crew exchange are early summer and autumn (see

Figure 5.2).

5 .2 .  Needed I n s t a l l a t i o n s  or F a c i l i t i e s
5.2.1. On Ship
Shipboard gravity meter
Precision depth recorder

Deepwater side—scan sonar and winch

Deepwater television -

Towed (suspended) magnetometer, winch and recorder

Magnetic and elect r ic field detectors , three—component ,
for use on the ocean surface at shallow and moderate depths ,

within and under sea ice, with recorders 

_ -- -~~~--~~~~~~~~~~~~~~~~~~~ - --~~~~~~~~~~--
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Suspended seismome ter , winch and recorder

Storage for explosives; charge preparatory space

Data—processing equipment

Automatic Astronomic Positioning System

Satellite navigational equipment

Communications equipment for ice parties , for

helicopters , and for scientific data exchange

Drummed hel icop ter f uel storage or drumming facilities

5.2.2. On Ice

Portable camps and emergency depots as needed

Fuel storage (drummed or airlifted containers)

Portable aircraft navigation beacons and power supplies

5.3 . Power
(To be compiled when specific equipment selected ; likely to

be less than 10 kw, with peak drain up to 20 kw)

5. le .  Communica t ions
a. Ship to base station in North America : regular ship

communica tion facil ities

b. Ship to field station and aircraft: four sets HF — SSB

portable wi th freq uencies sui table to polar summer

conditions

c. Ship to shore geophysical station : may need two dedicated

voice channels for synchronization of experiments and

instrumen t calibra t ion

5.5. Flight Support

5.5.1. Helicopter

Helicopter minimum capacity 2500—lb disposable load or 1200—lb payload

over 100—mile radius of operation. Practical capacity should be

2000—lb payload with range of 400 miles

Backup (emergency) two—man helicopter for safety, minimum

range 300 miles
Dedicated use of helicopters : for Program GP—l (3 weeks); 

-~~~~-~~~~-- - - -_ - -~~~~—-- - - -- ---~~ -- --
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for Programs GP—3 and GP—4 (together 5 weeks); as available

for Programs GP— 2 and GP—6
Estimated total helicopter flying time for geophysics program

(2 years): 500 hours

5.5.2. STOL Fixed—Wing Aircraft

Minimum capacity 2000—lb payload with 600—mile working

range, gross landing weight 12 ,000 lb (Twin Otter type)

Full IFR and inertial navigation equipment

Belly hatch 24—inch—diameter minimum , side por t or

opening window
Estimated use for geophysics program (2 years): 300

flying hours
No t required to be based at ship except during Programs GP—3

and GP—4

5.6. Surface Transportation

Two tracked over—snow vehicles, tracked truck type , approximately one—

ton payload , one with open box and one heated van, each equipped with

fron t and rear winches , each capable of being lif ted on deck , would

be usef ul, especially for Programs GP—2 and CP—5. Flotation equipment

should be available.

Small personal over—snow vehicles, one— to four—man

capacity would be useful for local work near the ship. At least two

should be amphibious.

5.7. I tems R e q u i r i n g  Spec ia l  H a n d l i n g

Seismic explosives, 80 tons
6. COST ESTIMATES

The following estimates are based on a two—year program :

Salaries
Principal Investigators

5 @ 2/3 time @ $24,000 $150,000

Technicians or Assistants
4 @ 2/ 3  time @ $10 , 000 30 , 000 

~~- • 
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Premium , bonus , 20% 30,000

Fringe benefi ts, 20% 40 ,000

Overhead for university and institute
personnel , 30% ~. 50,000

300,000 $300,000

Travel and Shipping

Equipment to embarkation and
return estimate $30 ,000

Personnel (not including rotation)
10 @ $1200 12,000

Rotation, costs to arctic point
only (Alaska, Canada , Svalbard)
30 x 1500 45 ,000

(say) 87,000 $100,000

Equipment

(to be worked out in detail)

First cut, assume 1/2 borrowed at
net cost —— Instruments $200,000

— Field operational equipment 100,000
— Vehicles , etc. (shared) 100,000

400 ,000 $400 ,000

Supplies

Explosives $100,000
Fuel (purchased in United States) 200,000 (plus

transport)
Other supplies 50,000

350 ,000 $350 ,000

Opera tional cos ts

Helicopter, 500 hours

STOL aircraft , 300 hours

Ship navigation and astronomic
observations

Ship computer technician



----~~~~~ .. ,__, .~~ 
_______ 

-~ _- • _  — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.. ~~

57

Data processing

Salaries, supplies
(computer costs not included) $100,000

Dist r ibution of specimen s and r eco r ds $20 ,000

Rough total $1,270,000

~
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MARINE GEOLOGY AND PALEOCLIMATOLOGY
1 .  BACKGROUND

1. ) E x i s t i n g  Informa tion

There has been no geologic work by the United States in the Eurasian

Basin. Some sediment samples have been taken from icebreakers in the

shallow marginal shelf areas, and one drif ting ice station (Arlis II)

obtained data from the margin of one corner of the Basin. This , plus

aerial magnetic surveys over parts of the Eurasian Basin, constitutes

the Uni ted States investigations to date. While U.S.S.R. ice stations

probably have collected at least some geologic data, little has been

published (e.g., Cramberg and Kulakov , 1975). Since the drift of the

Pram (1893—1896), other countries have not studied the geology of the

basin. Thus, it is not possible to interpret the or igin and geologic

history of the Arctic Ocean satisfactorily because there are no data

available for almost one half of this deep basin.

From studies in the adjacent Amerasian Basin (based on ice—island

T—3 work), from aer ial geophysical investiga tions , and from comparisons
with the North Atlantic Basin, some inferences can be made. We assume

that the deeper Arctic Basin originated and developed by processes of
sea—floor spreading similar to those in other oceans. We assume that

the crustal Structure and sediment blanket of the Eurasian Basin have

developed in a manner at least partially similar to that elsewhere

but with differences because of the geographical and geophysical sett ing
and the polar oceanographic environment . Unanswered are questions of

the sedimentolog ical and paleon tolog ical history of an ocean that has
been mainly ice covered since at least the Miocene. In addition to

help ing answer questions of origin and geologic history of the area ,
the sediment holds evidence of the environmental evolution of the Arctic .

Because of the profound effect of a polar ice cap on the world ’s climate,
knowledge of its origin and development , recorded in che sediment , is

vital to long—term climate understanding , an important factor in the

CLIMAP project.
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1.2 Information Gaps and Their Si g n i f i c a n c e

Geology and climatic history of the Arc tic Ocean , par ticularly the

Eurasian Basin part , are poorly known. Among the significant problems

to be dealt with are the following.

The arctic environment during Pleistocene glacial periods is

especially important. A range of opinion from an open Arctic Ocean to

a thick cover of glacial ice during the period has been expressed . The

sediments carry the information needed to determine the environmental

history. One problem has been that the deposition rates in the areas

studied are so low and the da ting of samples of known stra tigraphic

or structural rela tions are so dubious tha t defini te conclusions have

proven elusive. The spreading ridge should be the best place to do

these studies. The ridge is probably to a large extent protected from

turbidity currents, and it is possible that Fe—Mn emanations from the

rift may increase the rate of accumulation to the point where less

ambiguous results can be obtained .

On the basis of topogra phy and geophysical signature , the Arctic

Ocean floor can be divided into basins and intervening ridges. The

most impor tan t element in the geolog ic developmen t of the Eurasian
Basin is the Nansen Ridge , most likely an extension of the globe—
encircling midocean ridge system. This ridge forms the “backbone ”

of the Eurasian Basin, is tectonically still active (Karaslk , 1974) ,

and will be the focus of the geology—geophy~’ics program . Not only is

a knowledge of this ridge Important to interpretation of the origin

and developmen t of the entire Arctic Basin , bu t it is impor tan t
because it is the only segment of the world system of midocean ridges
that essen tially is unstudied. Pertinen t questions are: What is its

precise structure , age , and composition? How does its sediment blanket
differ from that of other ridges and from the sediment of the Amerasian

Basin? In the unique environment of an ice—covered midocean ridge , how

has the marine life of the past 60 million years been influenced in its

development? What geologic factors are involved in the transition of

4
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the Nansen Ridge to continental s t ructure  as it merges wi th  the Laptev

Shelf? All of these f actors point to this area as a uni que segment of

the ear th ’s crust , and yet its origin and history can at present only be
inferred from aerial geophysics and from assumed correla tions with
other areas.

In addition to the Nansen Ridge , another geologic structure of

great importance in the Eurasian Basin is the Lomonosov Ridge. Study

of this structure should be possible from the Nansen Drift Station (NDS).

The Lomonosov Ridge has been interpreted to be a unique part of the

arc tic continental shelf that has been separated from its original

position by spreading along the Nansen Ridge. Its origin and history

have not been investigated in detail , yet it may be considered the
most prominent ridge in the Arctic Ocean. It separates the Arctic into

unequal halves. How it has affected the sedimentation and marine life

in the basin that it divides may be answered from bottom samples and

coring in the Eurasian Basin.

Abyssal plains underlain by thick sedimentary sections exist on

both sides of the Nansen Ridge where it bisects the narrow Eurasian

Basin. The rift axis is in places deeper than the flanking abyssal

plains. A number of small fracture zones on the ridge are indicated

in the Soviet literature , but the evidence for these is not clear. If

the fracture zones or other gaps exist in the rift mountains, it appears
possible that sediments may enter the median rift valley, as they do

in the case of the Gorda Ridge rift valley in the eastern North Pacific.

If this occurs in the Arctic , it may explain the anomalously low or

discontinuous magnetic amplitudes, for basalt magmas would then form
more slowly with lower magnetizations than normal. In fact , the

1’ Nansen Ridge crest is about 500 m deeper below sea level than the

typical mid—Atlantic Ridge . Whether this anomalous depth is due to

the slow spreading rate or to some other process is unknown.

- -  The principal obvious problems of the Arctic Ocean basins relate

to the sedimentary processes that clearly control the form of the

_ _ _ _ _  4
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rela t ively  smooth f loor .  The abyssal  p la ins , w h i c h  occupy t I i i ~ de epest

portions of the Arc t i c  Basin , appear  to have been formed by ponded

sed iments apparen t ly carried to aby ssal dep ths by downslope flow. Fans

of sediment that stretch out from the continental slope have been shaped

by both downslope movement and , probably to a greater  extent , by the deep

circulation pattern of the arctic waters .

2. PURPOSE

The geophysical part of the marine geology—geophysics program

(Chapter 6) is designed to answer the question of how and why t h e

Eurasian Basin formed. Geological studies will provide the history of

this forma tion , the sedimentary processes at work , the developmcnt
and relat ionship of arct ic  l i f e  and sediment , and the h i s t o r y  u l  the

arctic water column above the bottom sediment and its relationship

to climate change during the past 40—70 million years.

The scientific objectives of the marine geo1ogy—~ciIea-l imar o 1ogy

programs are designed to take advantage of the fact that this i s  a

unique segment of the earth with a spreading ridge center  below rn

ocean that is covered more or less by a continuous ice platform. Utiliz-

ing the ice cover , it will be possible to do more thorough , closely

spaced sampling than poss ible or economi cal in other midocean ridges

and deep—sea basins. The following objectives are designed to elucidate

the geolog ical history and the sedimentological and paleontolog ical

fac tors that have modified the ocean floor , but their realization will
also contr ibute to clearer understanding of the dynamics of the pro—

-r cesses that function in the crust and upper mantle of the earth (see

Chapter 6).

- 
Answers obtained from the stud y ,  together  wi th  s tud ies  in the

Amerasian Basin (Hunkins et al., 1971; Clark , 1969 , 1970 , 1971 , 1974)

may answer questions concerning the origin of the Arctic Ocean basin

str uc ture and provide sound geologic data for the whole Arctic Basin .

This work will directly supplement work done from ice—island T—3

during the past 15 years in the Amerasian Basin .

- - — -
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2 . 1 .  Specific Objectives Are:

2.l.~~. To anal yze  and describe the reg iona l geological  frame-

work and structural and sedimentological history of the Eurasian Arctic

in term s of shelf , slope , rise , basin , and midocean provinces.

2.1.2. [n  define the arctic Mid—Ocean Ridge geometry,

tectonic style , m d  history of the adjacent arctic basins and intra—

basina l tec ton ic elements through the integration of ocean floor and sub-

surface geological informa t ion obtained through geological mapping and

studies of cores In] dredged samp les , together with information from

geophys ical profile.

2 . 1 . 3 .  To increase the sc i en t i f i c  knowledge of the fo rma t ion

and h i s t o r y  of oceanic bas ins  and ad jacen t  c o n t i n e n t a l  margins and the

characteristics ot interaction between oceanic plates , continental

plated arid upper—mantle regions in the Eurasian Basin.

2.1. 4. To analyze the deposi tional , structura l, and paleon—

tologic history of the Eurasian Arctic shelf , slope , r ise, and basin.

2.1.5. To define the nature and recent sediments on the

Lomonosov Ridge. To shed further light on the questions of whether

this structure is a piece of the Eurasian shelf sp lit off by the Namsen

Ridge .

2 . 1 . 6 .  To aid the interpretation of the nature of the junction

of Nansen Ridge with the Eurasian continental block. To define the

junction of Nansen Ridge with the Mid—Ocean Ridge in the Greenland Sea

and to determine whether the junction is affected by one large f rac ture

zone or a series of small echelon fracture zones and ridge segments.

2.1.7. To obtain information on paleoclimatology of the

Eurasian Basin and adjacent areas.

2.2. Pa l eoclimnatolo g i ca l Considera tions

Considerable concern exists with regard to regional and global conse—

quences of a reduction in ice cover of the Arctic. It has been postu—

lated tha t  such a reduction could be triggered either by the increase

In atmospheric CO2 con ten t genera ted by the burn ing of fos si l 
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fuels or by a reduction of freshwater supply to the Arctic Ocean caused

by reversing the flow of the major rivers in the Siberian—Arctic drain-

age basin. As the sensitivity of arctic ice cover either to atmospheric

CO2 content or to the rate of freshwater input is poorly known, the
magnitude of the ice—cover reduction resulting from these changes

curren tly cannot be reliably assessed. One of the major thrusts of

the Arctic Ocean research program must therefore be the development of

a quantitative understanding of the factors controlling the extent of

arctic ice cover .

Although the most obvious approa ch to an explana tion of the change
in ice cover is through direct modeling of the arctic energy and water

balance (see Chapter 8—11), these exerc ises need to be tested against
direct observation . The historic records are not su f f i c i en t ly  corn—

• plete and cover too short a duration to provide such a test . Fortu-

nately, nature keeps her own records. The composition of the sediments

on the floor of the Arctic Ocean record in various ways the extent of

ice cover. Interpretations of this record should make it possible to
state what the arctic environment was during periods when global climate

was different than it is today . One of these times was the peak of the

last glacial period (18,000 years ago), and the other was the time of
minimum ice during the last interglacial period (124,000 years ago).

If the ice cover during these two periods could be reconstructed , we

would be in a much better situation with regard to testing arctic

modeis. As the CLIMAP program is making reconstructions of the sea—

surface temperature through much of the world ’s ocean s for  these two

times , the ice—cover record could be placed in global context . Whole—

earth meteorolog ical modeling for these times of extreme earth climate ,

using the CLIMAP inferred sea—surface temperatures and cont inenta l  ice—

cover maps as inputs, is now being attempted .

Unfortunately, the available sediment cores from the Arctic Basin

only give partial answers with regard to the ice cover during the last

glacial and interglacial periods. One reason is that these sediments
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come from areas of very low deposition rates. Possible vertical mixing

of these sediments on the sea floor through bioturbation or possible

erosional episodes render reconstruction of climatic history highly

tenuous. There is a possibility that depositions of volcanogenic

oxides along the ridge crest may have raised the sedimentation rate so

that sampling and stratigraphic interpretation may be more reliable.

Despite the poor quality and doubtful stratigraphy of the sediments

sampled to date , we do have some important clues to the conditions pre-

vailing in the Arctic 18,000 years ago. Sediments deposited during

postglacial time (i.e., the last 11 ,000 years) are rich in the remains

of planktonic foraminifera. By contrast , glacial—age sediments have

fewer plankton. The most likely explanation for this difference is

that during the Wisconsin (W~irm) glacial time the extent and thickness

of ice cover in the Arctic Ocean was greater than it is today . With

an extensive and continuous ice cover , plant productivity was

essentially nil. Without a food source, the herbivorous plank tonic
foraminifera did not thrive, hence the shells of these organisms are

not so abundant in glacial sediments.

Sediments corresponding to precise intervals during the pre—

Wisconsin interg lacial age have been difficult to identify. It is

hoped that a better preserved record of arctic history will be found

along the NDS track.

Even if a better sedimentary record is recovered , problems still

exist in “reading” this record. The techniques used in other parts

of the ocean are either inapplicable in the Arctic or applicable with

much difficulty . For example, the CLIMAP group reconstructs ocean

surface temperatures from faunal or floral assemblages. In today ’s

Arctic only two species of planktonic foraminifera are abundant . The

best information we can get from arctic cores is a rough index of

biological productivity from the rate of accumulation of Globorotalia

p~chyderrna.

Another key source of climatic information in deep—sea cores comes

f rom 18o1 16o ratio in the shells of planktonic (surface—dwelling) and
benthic (bottom—dwelling) foraminifera. The record in benthic forams
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provides a good index of global climate. This is because the l8ø/l6~
ratio in the oceans changes with global ice cover. The ice that forms

In deficient in 180 relative to surface seawater. The “left behind”
l8
~ makes oceanic oxygen heavier, and in turn the benthic calcite pre-

cipitated by benthic organisms dwelling in water subject to surface

freezing is richer in 180 than that of organisms living where there is

no freezing . Thus, although the 18o record in benthic forams tells us
little about conditions in the -Arctic itself , it does mark global
climate events on the record of arctic sediments, allowing them to be

correlated with sedimentary records from other places in the world .

The 180/160 rela tionship in plank tonic forams does , however , o f f e r  a

means of obtaining environmental information about the Arctic itself.

In addition to the global 18
o enrichment effect imprinted in the

benthic calcite, the 
18
o content of planktonic shells will vary because

of changes in water temperature and changes in the salinity of arctic

surface waters. The quantitative aspects of these variations needs to

be tested against direct observations.

Because of the rarity of the remains of the hard parts of living

organisms in Arctic Ocean floor sediments, other mean s of der iving ice—
cover information from the sediments will have to be explored . One

promising method is the rate of accumulation of the isotopes 230Th and
231Pa. These isotopes are generated within the water column by the

decay of uranium. Because uranium is well mixed throughout the ocean,

the produc tion rate of these daughter isotopes in the arc tic water
- column will be the same as that in the remainder of the ocean. In

most parts of the ocean these isotopes are removed within months of

their formation onto particulate matter and carried to the bottom. This

removal is partly through absorption onto suspended particulate matter

-
- and par tly by incorporation into living organisms. The amounts of both
• suspended particles and living organisms will be inversely related to

the extent of arctic ice cover. If the particle content of arctic

waters is sufficiently low, then the extraction efficiency will fall

-- - 
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and the newly produced isotopes will remain in solution long enough to

“escape ” from the Arct ic  by l a te ra l  mix ing  and reach the open Atlanti c ,

where the  necessary par ticles exist f or the ir removal . In suc h

situations, the rate of delivery of these isotopes to arctic sediments

would be reduced. By study ing the distributions of isotopes 
230Th

and 231 Th w ith dep th in a core over more than one comp lete climatic

cy cle , it should be possible to learn about sedimentation rates , the

abso lute rain ra te of these two isotopes , and also the rela tive degree
of ice cover.

If there is a substantial component of iron and manganese oxide in

the sed iment , then these mater ials could be of considerable benefit to

studies of sedimentation rate changes. It has been shown on the East

Pacific Rise that the rate at which these oxides accumulated did not

change over the course of the last climatic cycle. As the generation

of iron and manganese oxide should depend on crustal and subcrustal con-

ditions , the quan tity deposited should be independ en t of the degree of

ice cover. If so, and if the rate of generation is constant , the

amount of Fe + Mn to a given depth in the sediment should be pro-

portional to the age of the sediment . Thus the presence of manganese

and oxide—rich sediment will be important not only from the standpoint

of the preservation of the climatic record but also from the standpoin t

of obtaining a chronology . By radiocarbon dating of the upper foram—

— r ich layer , the rate of Fe + Mn oxide accumulation in postglacial time

can be calibrated ; and assuming that the rate of accumulation has not

changed sign if ican tly,  it will provide the needed proportionality factor

to relate total Fe + Mn oxide above a given horizon to the age of the

horizon .

In summary, an ice—cover chronology can be inferred from a study

of Arctic Ocean sediment samples.

3. OBSERVATIONAL PROGRAM
The following activities will comprise the main elements of the marine

geology and paleoclimatology program ; additiona l contributions to the
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program will come from marine geophysics and tectonics (Chapter 6),

physical oceanography (Chapter 8), and biology and biochemistry

(Chapter 9).

3J. Specific Observations to Be Taken

3.1.1. Long Sediment Cores

The most important part of the sediment program will be the recovery

of long cores. The cores should be piston cores capable of recovering

approximately 20 m of sediment. Two core barrels and a winch with

cable capabilities up to 5000 m will be necessary. Because of weight

problems , it will be prac tical to take long cores only from the ship.
If a suitable por table cor ing appara tus can be obtained , cores “of

opportuni ty” as well as six cores from each of six helicopter traverses

perpendicular to the main drift station would be desirable. These cores

would be used to obtain information on the rate of spreading , as well as

the influence of turbidities in the Barents Abyssal Plain. Magnetic

stratigraphy will be r.ecessary for age determination and will supple-

ment detailed faunal analysis of the cores.

Shorter cores should be taken from helicopter traverses associated

with hea t—flow studies. This will provide supplemental data on age ,

origin , and paleoclimatic development of the ocean.

3.1.2. Box Cores

Box cores will be taken from the main station in order to recover as

large as practical a three—dimensional piece of the ocean floor for

sediment studies and bottom epifaunal and infaunal analysis. Half of

the box cores will be preserved as permanent library material; the other

half will be consumed in the study . Sediment recovered in these boxes ,

as well as from the longer cores, will be used to extend and refine the

map of Arctic Ocean sediment , now in preparation. Box core recovery

from the Eurasian Basin can be taken by the team that handles the coring,

but a separate winch probably will be necessary .

3.1.3. Bottom Samples and Dredging

Bottom grab samples will be taken during helicopter traverses if short

cores are not obtainable . This program probably can be coordinated

with heat—flow and geophysical traverses. Up to six traverses across

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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the ridge with 10—20 samples on each traverse should be prepared for.

Bottom sediment grab samples should be taken as often as possible from

sites away f r om the main s t a t i o n .

• Dredging will be possible from the main station only. Systematic

dredg ing should be undertaken at 20— to 50—km intervals along the

axial zone and will be invaluable to identify trace elements and isotopic

• compositions of basalt erupting along its length. Dredging is an essen-

tial supplement to coring, for it may reveal phase or chemical inhomo—

geneities in the mantle otherwise unobtainable. It may also provide

evidence of melting conditions and locations of asthenospheric mass

movements such as hot spots. The Svalbard region is suspected to be

influenced by a hot spot , and basalts from the Nansen Ridge in this

region may be of the iron—titanium (FeTi’- rich type. Inferences on

upper mantle flows may also be obtainable by identifying and sampling

equivalents to the basaltic layer across the mid—Atlantic ridge (MAR).

During parts of the drift where the ship is not over the Nansen

Ridge , dr edg ing will provide information of the representativeness of

tube cores , box cores , and grab samples. Less closely spaced hauls

may be necessary over the abyssal plain and the spacing will be deter-

mined by the evidence of geophysical and topograph ic heterogeneity.

3.1.4. Laboratory Studies of M a t e r i a l s  R e c o v e r e d

Listed below are those categories of observations and/or measurements

that should be made routinely on the largest possible number of suitable

hard—rock samples recovered:
(a) Petrographic observations

(b) Electron probe studies of phase minera logy

(c)  Major—element  chemistry  by x—ray f l u o r e s c e n c e  s pec t r o s co p v ,

atomic absorption spectroscopy, and colorime tric nr&th id o

(d) Minor and trace—element chemistry by x—ray fluoresence

spectroscopy and mass spectrometric isotope di l u t  l air

(e) Rb—Sr and U—Pb isotop ic analyses

( f )  0, S, and D/H iso top ic analyses

(g) Rare—gas analyses 
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In addition , the following should be carried out on either particu-

larly suitable and/or selected samp les:

(h) Petrofabric analysis

(i) Melting experiments

There are various scientific objectives embodied within each cate-

gory above and ocher objectives that depend on measurements made in

more than one category. An indication of these various objectives will

be given below.

(a) Petrographic Observations Detailed petrographic observations (in

both reflected and transmitted ligh t ) should be made of represen tative

hard—rock samples. To provide textural and phase description, deter-

mine alteration products and indications of secondary or phase—change

mineralogenesis that may relate to depth of origin and ex trusion

history.

(b) Electron Probe Studies of Phase Mineralogy After detailed thin—

section studies , samples should be subjected to electron—probe analysis.

Major and minor silicate phases and oxides should be quantitatively

analyzed to provide information on fractionation of low—pressure phase

assemblages and , where possible , the range and sequence of crystalliza-

tion temperature and metamorphism .

(c) Major—Element Chernisr~y A representative suite of samples f rom

each site where igneous and/or metamorphic rocks are obtained should

be examined to assess the extent of major element variation and degree

of evolution representative of Nansen Ridge basalts and to examine the

variation in major—element chemistry along the axis of the Ridge using

phase—chemistry data obtained by electron—probe studies (see above).

It may be possible to examine to what extent major element variations

are caused by fractionation of the phases stable at low pressures. The

degree of higher pressur~ evolut ion of the magmas may then be assessed .

Samples tha t show signif i can t hydro— thermo metamorphism may give evi-

dence on the mobility of major elements. Special studies should be

undertaken on any unaltered aphyr ic sample to assess pr e~’isely the

____________________________ 
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erup ted liquid compositions and thus test as far as possible whethe r

they are primary magmas. Such studies may warrant subsequent experi-

ments on melting relationships (see [i] below).

(d) Trace—Element Chemistry A number of trace elements , particularly

large— ion elements , should be measured . Rb , Sr , Ba , and rare earth

elements could be determined by mass spectrometric isotope dilution;

and other elements , no tably Y , Zr , and N i, could be determined by x—ray

fluorescence spectroscopy . In addition to adding to our basic knowledge

of the chemistry of the ear th , such studies n~ay evaluate the possibility

tha t different magma types are related via crystallizing differentiation

and provide an indication of the degree of heterogeneity that existed

in the mantle source region at the site of magma genesis. Such infor-

mat ion  ~ray be essential in determining the chemical setting in which

mass transfer and magma plume generation can be interpreted for the

Nansen Rid ge.

(e) Rb—Sr and U—Pb Isotope Studies High—precision analyses of Sr and

Pb isotope s and de terminat ion of Rb , Sr , U, and Pb ab undanc es shou ld be

made on representative samples from each site at which igneous and/or

metamorphic rocks are recovered . Results of such analysis will not

only add to the basic framework of isotope ratio distribution in

oceanic crustal rock but may provide unique information on the fraction—

ization sequence near the point of a slowly spreading ridge and the

junction with a continental plate. It should also provide information

on the role of oceanic wa ter in the hydro—thermo alternation of sub—

seafloor volcanics.

18 16
(f) 0, 5, and D/H Isotopic Studies Determinations of 0/ 0 rat1o~-.

should be made on igneous and/or metamorphic rocks from each dredge .
Such studies should add to the knowledge of crustall. chemistry and the

fac tors  tha t  a f f e c t  the various isotope ra t ios  in spec i f ic  ocean c r u s t

situations.

(g) Rare—Gas Analyses Determination of rare—gas abundances would be
• . /~0 36

helpful n. further assessing their contents in ridge magmas. Ar! Ar
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ratios could yield information ultimately on degassing of the earth .

(h) Pe trofabr ic Anal yses If samples recovered show the evidence of

strain , they should be subjected to petrofabric analysis. From such

measurements it is hoped to gain information concerning the magnitude

and orientation of stress fields in relationship to position in the

oceanic crust.

(i) Melting Experiments Selected samples , such as those that are close

to liquid composi tion , should be studied with 1 atmosphere gas and/or

solid media apparatus to (1) determine the melting relationships and

(2) assess the depth of last equilibration with the mantle.

3.1.5. Ocean—Floor Photography

Documen tation of cor ing and box coring si tes can be supplemen ted by
bo ttom photographs. This is an important dimension of seafloor study.

Although it may be possible to accomplish photography from the main

station only , it will be necessary in order to doc umen t the bo ttom
sedimentary structures and in situ sediment—fauna relationships.

In addition , pho Comosa ics of the axial valley will be invaluable
in comparing axial processes with the FM~0US studies. More or less

continuous photographs should be taken of long sections whenever possi—

ble. This will provide a quantitative record of the distribution of

microfeatures of the topography, textural variations of the sediments

and rock fragments, faunal habi tats, and the like.
3.1.6. Sediment Traps——Atmospheric Dust Collections

In order to document quan tity and variety of atmospheric contribution
to arctic sediment, sediment traps should be installed on the ice away
from con tamina ting factors of the NDS. Snow samples should be taken

on helicopter traverses as well.

3.1.7. Continuous Bottom Profiling

The bottom topography of the drift course should be determined by use

of a high—resolution (3.5 kHz or equivalent) narrow—beam reflection
profile system. This will determine bottom structure and will comple—

urent geophysical and sediment investigation concerning the floor of
the Nansen Ridge . A detailed reference to accurate position , azimu th , 
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rate ot dri l t of the ship at all times is absolutely essential , to

enable geomorphological and structural interpretations to be made from

the recorded profile.

3 . 2 .  in s t ru men ts

3.2.1. Sampling Equi’pmen t Req uired

3.2.1.1. Coring tubes capable of 20—rn recovery .

Special considerations should be given to select the best available

methods of recovering, storing and handling of these cores. A quantity

of core liners should be available but may not be necessary.

3.2.1.2. A large winch capable of spooling 5000 m of

3/8 in. to 1/2 in. cable and 5000—lb breakout pull will be required to

support coring activities. An adequate provision must be made for con-

ven ient handl ing of long cores over the side and on de ck in subzer o
temperatures , bearing in mind the large amount of over—the—side and

dangling equipment frd~n other programs.

3.2.1.3. Shorter coring tubes , win ch , and motor to be

used from tl’re helicopter traverses must be portable , capable o f be ing

dismantled into units that can be iifted by hand . 5000 m of wire will

be rieded , prefer ably tapered for lightness.
3.2.1.4. A box—cor ing device and a winch capable of

• 2000—lb lift will be required . This should be separated from tire long

core winch but should have the same wire capacity.

3.2.1.5. Bottom dredge for consolidated rock , especially

on the Nansen Ridge, with suitable winch and crane installed on deck.

3.2.1.6. Bot tom samplers (Eckman , etc.) for grab

sampling during helicopter traverses.

• 3 . 2 . 2 .  Underwa ter Camera and Ri gg ing
This will be necessary for photography . The same winch as that used

with box cores can be used .

3.3. Frequency, Times , Schedules

The geologic and sedimentologic work will proceed daily throughout the

course of the drift. Long cores should be taken at least every other

day ( A- , hours work) and shorter cores “of opportunity ” should he taken

——~~--- .~~~~-.--- - -~~-~~~~~~~~ -~~~ ~~~~ -•— — -~~~~~-~~~~~~~• ~~~~~~ •-•• -~~~~~ 
-
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from as many of the traverses perpendicular to the main drift station

(helicop ter) as possible.

Box cores and bottom photography will be linked together and

proceed on a daily or alternate day basis with the long cores.

Bottom samples will be taken from helicopter traverses. Six

traverses acr oss the r idge with 12—20 samples per traverse are consid-

ered a minimum. Longer traverses should be taken across the basin on

either side of the Ridge when possible. Bottom samples should be taken

as often as the opportunity arises.

Dredg ing should be done at 20— to 50—km intervals for petrologic

work , whenever the drif t is over rough seafloor topography and at

representative intervals 100—200 km over the abyssal plain.

Sedimen t traps for atmospheri c dust should be used as an ongo ing

project for the duration of the drift.

3.4. Personnel Required

The 1ong-~core program will require two persons con tinually. Bottom

sampling and dredging will require one add itional person continually.
Box core and bo ttom pho tography team may be the same as the long—core
team. One additional person for atmospheric dust monitoring and core

sample preparation will be necessary.

4. LOGISTICS
— 4.1. A staff of four will consist principally of graduate students

who, ideally , would stay for two-, to three—month shifts corresponding
- 

• 
with the semester schedule of the university.

4.2. A large winch on board is needed for long—coring activities

Box cores and bottom photography could be done from shipboard or ice

and , if necessary, use the same winch. A separate winch located on the

ice for this work, plus dredging, would be ideal. A small por table

winch for helicopter transport for bottom samples at r ight angle to

drift is necessary.

4.3. There will be a requirement for 6000—7000 W for motor drive

on a helicopter and at least the same on the ice.

4.4. There will be no special communications other than those

normally available on ship.

- ~~~~~~~~ -~~~~~~~~~ -—-—- •- - - — -—-  - -
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4.5. Helicopter support with a 100—mile working range for bottom

samples and dust collection, wi th  weekly to bimonthly flights , could

sa t i s fy  requirement.  At least six special traverses across the ridge

for sampling during the course of the drift should be planned .

4 .6 .  Surface transportat ion (snowmobile?) will be necessary for

• daily monitoring of atmospheric dust sites that will be located away

from the main stat ion.

4.7. Assuming that the major winch is part of the ship ’s equip-

men t, special handling will involve a second winch (and motor) for the

helicop ter , another one for the ice , coring tubes , packing cases , box
cores , cable , dredge , and bo ttom samplers plus miscellaneous equipmen t,
approximately 2000 cubic feet.

4.8. The reflection profile system may be available on the ship,

and this section (as well as the budget item) may not be necessary . If

ins talla tion is necessary , the system should be ins talled above the hull

plates in a sea chest. A 3.5—kHz capability is necessary.

4 .9 .  Shipboard chemistry laboratory will be valuable fo r  reduction

of snow—dust data. A small laboratory with vacuum pump , microscope ,
and filter system will be necessary.

4.10 . Storage space should be provided for 300 20—rn cores and

2500—cubic—feet box cores, .,hort cores, and grab samples.
5. COST ESTIMATES

Salaries

4 Research Assistants
Technician
Premium pay
Principal Investigator
Petrology laboratory
Indirect Costs

TOTAL SALARIES $300,000

Travel and Shipping

Equipment
Personnel

125 ,000

~~~~~~~~~~~ •~~~~~~~~~~~~~~ - - • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~~~~~~~~ - •  ~~ -~~- •~~~~~~~~ —~~~~ ~~~~~~~~~
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Equipment (Assumes Winches Provided)

2 coring tubes
2 box corers
2 bottom samplers
1 camera and casing

10 dredges
1 3.5 kHz high—resolution reflection

pr of ile sys tem
TOTAL EQUIPMENT 175 ,000

~~pplies and Labora to ry Ma terial
(Geochemis try)  2 years on ice 150 ,000

Data Processing and Publication

Salaries, expend able suppl ies , etc., 2 years 200 ,000

APPROXIMATE TOTAL (2—year program) $950,000

(Not included is estimated cost for helicopter support for sampling

away from station.)

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - • ••
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PHYSICAL OCEANOGRAPHY
1. BACKGROUND
The Eurasian Basin is a distinct and u n i que region ol the Arcti c Ocean

from the point of view of nhysica l oceanography . Atlanti c water from the

Norwegian Sea enters the Eurasian Basin through the Greenland—Spilshergen

passage, while the arctic surface waler exits from the Basin through tire

same passage. The exchange of mass , heat , and other properties between

the Arctic and other oceans is most vigorous in the Eurasian Basin , wher e

the Atlantic water is 1 to 2°C warmer than it is in other parts of the

Arc tic Ocean (Coachman and Barnes , 1963). Here the warnr core of this

layer is closer to the surface , also , and the vertical heat flux niay be

one or two orders of magnitude greater than in the rest of the Arctic

Ocean (Aagaard and Criesman , 1975). the largest influx of freshwater

into the Arctic Ocean occurs in the Eurasian Basin , with an estimated

residence time for freshwater of only two to three years (Aagaa rci and

Coachman , 1975). Despite this large influx , the overall stratification

is rela tively low in this Basin (Coachman and Barnes , 1962). The Arctic

Ocean is considered a key factor in several theories of climatic change

that invoke feedback mechanisms between ocean and atmosphere involving

sea—ice albedo and exchange of heat and water between the Arctic Ocean

and the North Atlantic. The Eurasian Basin is the most importan t area

of exchange for the Arctic Oc ean , and hence an understanding of its

dynamics is essential tc an assessment of these ice—age theories.

The first oceanographic measurements in the Eurasian Basin were

made by Nansen (1902) , during the drift of the - ‘~ -~~“:. A numb~ r of funda-

mental discoveries were made in physical oceanography as a result of the

‘
i~~

-;,
~~ expedition . These include the first observations of int ernal waves ,

along with proper explanation of their behavior. Ekmn n drew upon obser—

vation , theory , and model experiments to explain the internal waves

generated by the ship when a thin layer of freshwater lay over a deeper

layer of salt water. Ekman ’s theory of wind—driven currents , still a

corners tone of phys ical oceanograp hy, also developed from ohserv •itions

during the drift of the f-~~~iri . Still another result was the recognition

81
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• of the importance of adiabatic effects in deep basins, where in situ

temperatures increase steadily toward the bottom. After a long hiatus,

oceanographic research in the Eurasian Basin resumed with the drift of

the Soviet ice station North Pole—l during 1937 and 1938. Since that

time, the Basin has been investigated almost exclusively by the Soviets,

with additional drifting ice stations and with spot landings of the

High—Latitude Air Expeditions. Soviet data in this Basin prior to 1960

have been summarized by Timofeyev (1960). Some more recent interpreta-

tions of Arctic Ocean circulation have been given by Treshnikov and

Baranov (1972) using mostly data gathered prior to 1960. Most of the

data are presented in a generalized f orm so that reinterpretation by

other investigators is difficult .

The Arctic and sub—Arctic seas constitute the northern extremities

of the global ocean. An understanding of their wind—driven and

thermohaline—driven circulation is an important oceanographic goal, as is

their interaction with other oceans and with the atmosphere. The sea

ice that covers the polar and subpolar seas at
• 
least part of every year

has a large effect on circulation and air—sea interactions. Perhaps the

most critical problem for the arctic seas is their relation to world

climate and climatic fluctuations. The thin ice cover has a strong

influence on radiation exchange and the energy balance of this region.

The cover of pack ice may exert a considerable influence on climate

through any of several proposed ocean—atmosphere feedback effects.

We are now faced with the curious situation of knowing that the
Eurasian Basin is critical to certain major scientific problems, while

at the same time having less available information concerning the physi-

cal state of its water and the associated processes , than is probably

the case for any other part of the world ’s oceans. We have only primi-.

tive mappings of the large—scale temperature and salinity fields, essen-

tially no information about currents, and can only hypothesize the

physically important processes .

In summary, the Eurasian Basin is the least—known portion of the

Arctic Ocean but very possibly the most important with regard to climate

and interaction with the rest of the world ’s oceans. Furthermore, it is
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a part of the world ’s oceans in which an ice cover provides not so much

a barrier to experiments as it does a unique stable platform for careful

studies of many oceanographic processes that can still only be studied

with difficulty in the open sea.

2. PURPOSE
The goal of the physical oceanography program is to provide high—quality

measurements of those oceanographic parameters that will enable us to

understand the circulation, heat exchange, and mass exchange of the

waters of the Eurasian Basin.

The objectives are to:

2.1. Map oceanographic properties of the Eurasian Basin on a large

scale. These fields include temperature, salinity , density (a derived

quantity), and certain chemical parameters, including a number of radio—

isotopes. This mapping will provide basic information on the Basin ’s

circulation and will also establish a climatic baseline.

2.2. Make direct measurements of the velocity field in the Eurasian

Basin. Continuous measurements of currents over time periods as long as

possible will help to define the mean circulation as well as the fluctua-

tions.

2.3. Investigate the processes that modify the waters of the
Eurasian Basin. The processes include vertical exchange with the ice

and the atmosphere and mixing between layers, as well as horizontal

exchange around the margins of the Basin. Mesoscale eddies are believed

to play an important role in these exchange processes (Hunkins, 1974).

A problem peculiar to the Arctic Ocean is its extremely stable upper

layer (Hunkins, 1974). It is caused by a poorly unders tood combina tion
of heat and salt exchange with the overlying ice and freshwater advection
from the surrounding continents. Stability , convection, and heat balance

of Eurasian Basin waters affect the seasonal and secular variations of

sea ice and hence deserve special attention in the context of climate

research.

3. OBSERVATIONAL PROGRAM
The fir~t objective (2.1 above) requires frequent oceanographic stations

with continuous profiles of temperature and salinity , as well as sampling 

~~~~~~~~~~~~~~~~~~ -—-~~~~~~~ . . •- -— •~~~~ - -~~~~~~~~~~ - - • ~~~~
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of selected chemical parameters (e.g., oxygen , nutrients , trit ium) at

the icebreaker site. These continuous profiles should be calibrated

with water samp l es and reversing thermometer readings taken on the same

cast. The stations wi l l extend to the bottom when appropriate.

These sh ipboard oceanographic stations should be supplemented with

a complete set of chemical and isotope measurements to be obtained at

two locations during the course of the drift. These stations will be

patterned after those taken during the CEOSECS program and will provide

a northern extension of the longitudinal geochemical sections already

taken in the North and South Atlantic Oceans. They will be used to

study the renewal rate and mixing dynamics of Arctic Ocean waters .

3.1. Tritium—helium dating of intermediate depth (thermocline)

waters should prove very useful in arctic waters.

3.2. 18O/S and/or D/S diagrams should add important information

regarding the origin of the low—salinity components in arctic thermocline

waters.

3.3. ‘4C measurements will allow the residence time of deep arctic

waters to be defined .

3.4.  2
~
8
Ra and 

222 Rn profiles in near—bottom waters will allow the

rate of vertica l eddy diffusion in arctic waters to be defined .

3.5. “P0” ( fl5p + 0
2
) and “NO” (9N0

3 
+ 0

2
) measurements add ye t

another dimension to water mass studies.

3.6. Si, Ba , Ra , ~C02, pCO2 da ta prov ide the informa tion necessary

to define the rate of dissolution of organic hard parts (CaCO
3 

and opal)

and of the flux of 
22 6Ra from arctic sediments.

3.7.  222 Rn and 14
C measurements in arctic surface/mixed—layer

waters will allow limits to be p laced on the ra te of gas exchange across

the arctic surface. Because of the extensive ice cover, this rate is

difficult to assess in the absence of direct measurements.

3.8. 
32Si and 39Ar are trace radioisotopes with half—lives more

sui table to arc tic turnover than 14
C. An attempt should be made to

develop means of measuring these isotopes in the deep Arctic.
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Oceanographic sections composed of intermediate—depth stations

should be made across the Eurasian Basin on lines perpendicular to the

Mid—Ocean Ridge axis and expected drift track. Aircraft landings will

be made for a period of several hours while an ice well is cut and the

oceanographic cast is made . It is desirable that these sections extend

out to both sides of the Basin. An effort should be made to obtain

selected stations extending to the bottom on each side of the Mid—Ocean

Ridge. These may include parameters other than temperature and salinity.

The spacing between stations will be a compromise between resolving

power for small features and economic realities that dictate the number

of possible stations. It is believed that for the large—scale mapping

a station spacing along each line vary ing from 20 to 50 km and a spacing

of the sec tion lines at in tervals of about 200 km along the ship ’s track

will be adequate. The oceanographic sections should be logistically

coord ina ted wi th the geophys ical section (see Chapter 6).
The second objective (2.2. above) will require arrays of current

meters. The arrays will be of two types: either suspended from the ice

or anchored to the bottom. A mesoscale array of ten current meters

suspended from the ice should be centered on the icebr eaker with an

initial separation of approximately 10 km and extending in depth to at

least the core of the Atlantic water. This array will require position-

ing with an accuracy of ±10 in. It will be coordinated with the seismic—

acoustic array and depend for positioning on the acoustic ranging or

radar fixing used In that array (see Chapters 6 and 10). This array is

designed to detect eddies of the sort recently observed in the Canadian

Basin and should , during selected periods, be complemented by small—scale

temperature and salinity charting of the same region. We expect that

the mesoscale array will be repositioned from time to time to cover a

range of spatial scales from 5 to 50 km. Some continuously operating

sensors for temperature and possibly conductivity should be placed near - •

the ship at intermediate depths to monitor internal wave activity .

Profiling current meters and high—frequency echo sounders operated at or

near the ship will provide additional information on behavior of internal

waves and on the mixed layer.

~ 
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A large—scale array of three elements will provide information on

the spatial pattern of mean currents. This array will be a part of the

RAMS buoy system at a radius of 200 km from the ship. Each buoy should

have two curren t meters , one in the surface wa ter and one in the At lan tic
water mass. A positioning accuracy corresponding to a velocity resolu—

tion for the ice of at least 1 cm/sec on a daily mean is considered

adequate for these long—term measurements.

Bottom—anchored current—meter observations should also be made to

investigate circulation with parti cular emphasis on monitoring the

Atlantic water. Because of difficulties in recovering instruments from

benea th pack ice , ser ious considera tion should be given to the engineer ing

of the current—meter system to ensure that the data are recovered . This

will probably involve acoustic data telemetry , as well as release of the

mooring and recovery . Preliminary tests are presently being conducted

in the Bering Sea on such a system.

Several different problem areas and processes are involved in

meeting the third objective (2.3. above). One is the vertical flux of

heat from the Atlantic water , both within the deep basin , along the

continen tal marg in , and in an area of semipermanent open water such as

north of Spitsbergen . Another is the complex set of processes occurr ing

in the upper layer. This includes the effects of freezing and melting

of ice , solar rad iation , and direct transfer of heat and water through
leads and polynas.

These problems can be treated indirectl y through measurements of

temperature and salinity profiles or directly through eddy—correlation

measurements. The former methods may include measurements of certain

chemical param eters , while the latter require measurement of the

-
• turbulent velocity, salinity ,  and temperature fields in the ocean using

special small sensors with rapid response t ime . Velocity and tempera—

ture sensors for these measurements are presently available , but an

appropria te ~~ situ salinometer will probably req uire special  ins trumen t

development. These measurements will be coordinated with the heat and

• mass balance of the ice cover program (Chapter 11).

— ~~~~~~~-~~•— — - - - — — . • -~~~~~~~~~~~~ - - - — ——• — - —  _ _ _~~~~~~~~~ •~~~~~~~~~~~~~~
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Investigations of mixing at tir e continental margins will require

special attention to the role of canyons. The high—resolution profiles

should inc lude au appropriate grid of stations near and within one of

the major canyons , e.g. , the Svyataya Anna or Voronin canyons , al ong

with temporary current—meter deployments within the canyons. It may also

be desirable to include turbidity measurements in and near a canyon.

These experiments will probably require establishing a temporary ice

station supported by helicopters , or fixed—wing aircraft.

Investigation of the upper—layer processes should include radiati on

measurements within the water under conditions of ice and snow cove rage

(including open water).

4. REMOTE SENSING
Certain remote imagery and meteorolog ical observations are necessary to

meet the oceanographic objective. These include airborne infrared ,

microwave, and visible sensing . The need will be greatest during the

cold season. Weather and micrometeorological observations and ice

thickness determinations will be needed . The amounts of open water and

thin ice are particularly important in heat—budget calculations .

Included in the required meteorological observations are frequen t

atmospheric pressure determinations sufficient to enable construction

of the large—scale wind field that drives the ocean.

Flight support in the form of at least one aircraft will be re—

quired for 5 to 15 days each month while the oceanographic section is

made. Special flight support will also be required for installatioa of

the bottom—anchored array of current meters and for acoustically moni-

toring the meters every three months thereafter.

Aircraft support will be required for all the oceanographic

programs away from the icebreaker . The mesoscale current—meter array

• will require one aircraft for two days per month. The large—scale array

will be maintained and serviced in coordination with other groups using

this array . The oceanograph ic sections requ ire one a i r craf t for  a

period of from one to three months. The bottom—anchored current meters

will req uire an aircraft for an average period of two days per month.

~ 
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1h~ s pt ~ i~ i I progr.~rn on t he ~ont i nt•nta I irgin w ill need one . r possibly

two dedicated a ir ~~r~t t t  b r  a on& ~— m t ’n t h  p er iod . it b i t ~r spec ia l  programs

ca l l  for  about one week of a t  r c r . t t  t j me~ e~v . rv I h r t -~ or f o u r  months .

6. COST EST IMATES

Budget for 2—year f ie ld  ~~~~~g r i i n .

S a lar i e s  (including overhead and ire bonu s )

4 pe rsons fo r  t .iu~~~r . i p Iu ir ~~~ in ,

full—tim e with overlap $250,000

4 persons for temporary camp and
special projects 200,000

3 persons, data processing and
administrative services 150 ,000

Total Salaries $600,000

Travel

50 roundtrips from United States to
icebreaker and attendance at scientific
meetings 75,000

Shipping 40,000

Iota ! Travel and Slit PI~ 
i ng I I ~ ,

Equipment

STD, winch, and oceanographic gear
for ship 187,500

Current meters for ship—centered array 225,000

Instruments for sections 150,000

Instruments for temporary station 150,000

Current meters for bottom—anchored
moorings 450,000

Total Permanent Equipment 1 ,162,500

Miscellaneous Supplies

Data—processing analysis and publication
(Will extend beyond two—year field
program) 250,000

Total Miscellaneous and
Data Processing 350,000

TOTAL $2,227,500

r
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BIOLOGY A~ID BIOCHEMISTRY
1. BAC KGROUND

The opportunitie s offered by the N . i n s t i i  l )r ilt Station (N!JS) are rare .

so it is desirable t h at a broad bi ological r~ sc.ar h program be rt.ilize d .

The dr I track cr~’ s  an ar. .i I t u  ha s. rt~~i’ Ived l i t  t lt~ udy in •in v

discipline and none in b lo  I 
~ ; I ii t e ~an o g r a p h v

Al though t h~~r t  has been h to log I .11 work iii i h~- open vat t~r o t  Ii.

Bareuts and Norwegian Syas , usua l lv r~ l i t  ~d f i s h t r i~~ • t lwr - is

l i t t l e  understanding of the marine ts osV 5t om iii t h t  I t i r . is ian Basin.

For several rd is ’ns , Ame r icai t  and ( ;i;l Idi,In •~~~ r~~ i t t  i h-  Ar~’t Ic L)~ , .in has

been conce nt ra ted on the ( mada Ii.isl n. Long ime—serles have bee~n

obta ined fro m the dr if t the manned ice f loe  s t .1 t I ~‘n~’ and Fl~ lie r ‘ s

Ice Is land (T—3) ,  and models have been developed on nut r i~~nt and photo-

synthetic e f f e c t s  from observat ions .1 IIII1R tilt margin of the  Beau f o rt

Sea (Eng lish, 1961; Hopkins , 1969a). The t r i n s f e r  of thi s know L dgu

to the d i f ferent  cond i t ions represented h’. t he’ I i i  dv i i . im i~ s ,

prox imity of the large Eurasian shell , and the intrusions of At lantic

water  can he expected to produce important c~ nt r ih ’c ions ot u inic

biology .

The Eurasian Basin has several advantages and It i t ur u s  of s pe c i a l

interest to the biological oceanographer:

1.1. In terms of the Atlanti c water layer , i t  i s  i i p s t  1 iU~ t the

Amerasian Basin , or Canada Basin , so that effects measured in tiit ~ t at tt r

Basin will be better understood by measurements in the Fit r is ian liasin.

1.2. It will be possible to estimate the suggest ions by Sovi. ts

of the import into the Arct ic  Ocean o f  “biogenic ” mat t r i a l s  I r~~n oct In’~
to the south.

1.3. It will be possible to increase our knowledge ot the A r t i c

Ocean as a whole in a condition approaching the ‘h t t o r ,  pol h i t  Ion ”

ideal or at least to measure the extent to which po l lu ta n ts  have entered

91
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the Arctic .

1.4. It offers the possibility of settling the question of the

extent of plankton exchange between the Atlanti c and Arctic Oceans.

1.5. There is little work published on the flora and associated

fauna in and on ice in the Eurasian Basin .

1.6. It will be the first real opportunity to study, over a large

area and extended time , the ecosystem dynamics of the least productive

ocean in the world and one that offers a fairly simp le system for study——

at least the simplest available. The NDS otters an opportunity to attack

the controversial question of the relation b~~twcen environmental stabil-

ity (deep arctic water), productivity, and ecosystem diversity.

1.7. It will allow us to study the very low light fluxes under

the permanent polar ice as they affect (a) primary production , (b) the

distribution and behavior of various components of the biota in the

water column during the annual light cycle , (c) the chemica l constituents

in the water column as mediated by biological processes, and (d) the

biomass and diversity of the benthos.

1.8. Biological phenomena , such as seasonal and diurnal vertical

migration or reorientation of planktonic organisms within and beneath

the sea ice , should be investigated in space and t ime series correlated

with electric field and ULF, ELF, and VLF wave phenomena (see Chapter

6. Section 3.1.4 and Chapter 14, Section 3,1.6). The availability of

portable sensitive (to about 10 microvolts , response time of 1 second)

electric—field meters recommends such measurements in relation to

specific biological communities and habitats for the purpose of evaluat-

ing the degree of influence of electric fields on organisms. The Arctic

Ocean environment provides an extensive area of uniform surface materials ,

minimal ionized particles (e.g., 50, ) in the atmosphere, and maxima l

exposure to magnet ic storm phenomena (including ionizing radiation) .

Relat ions of  electric—field strengths and fluxes to navigation of birds ,

marine mammals , and fish deserve investigation , as remote as the con-

nection may seem at present writing. At a detailed scale, the changing
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electric fields should be investi gated In relation to m it~r.itions of

mineral ions and minute organisms within the water films of the ice

pack and the responses of these organisms to the e lec t r ic  potential

generated by the freezing process. Additionall y, microbi ologists

should look for magnetotropisms and magnetotaxis in microorganisms

and lesser invertebrates , since the demonstration ot  magnetotactic

bacteria (Blackmore , 1975).

Selectivity in the program elements is necessitated b~ space and

financial considerations, so the proposed program includes work best

suited to the unique nature of the platform and excludes work that

can be done equally well from other types of stations . The biologi al

program is designed to explore the essential features of the marine

biosphere and relate them to the total environment of the Arctic.

2. PURPOSE
The research problems of interest to biologists on the NDS focus on

contributing to our understanding of the marine ecosystem of the

Eurasian Basin.

The proposed biological work [s important because it will be in

an unknown area of the ocean , and the interpretation of the biolog ical

observations will be facilitated and enhanced by the wide range of

physical and chemical measurements of the environment provided by

others.

The biological and environmental results can be used to describe

relatively undisturbed conditions in the least productive ecosystem

in the world ocean. The biological baselines drawn from the drift

can document present levels of pollutants and the status of rare

and endangered species. The increased understanding of special

populations, communities, feeding relationships, and environmental

controls and interactions will broaden the knowledge base for com-

parative studies of ocean ecosystems.

The biological results are inseparably related to the work of

other disciplines that will measure aspects of the environment such



94

as in so 1 at ion , submii r inc r ad i at ion , ice thickness and Ice v, r , ocean

currents and water masses , water chemtstr~’, suspended mat erials , bottom

sediments , and marine acoustics. The b io log ica l  r e s u l t s  I x ~~m the drift

are relevant to the International Decade of Ocean Explorat ion , Earth-

watch , the Outer Continental Shelf Energy Program of the Bureau of Land

Management and the Nat j o ni l Oceanic and Atn~ spheric Admi ni strat ion , and

programs within the Office i tt Polar Programs of t he N i t tona l St ier~ce

Foundation and other federal agencies.

3. OBSERVATIONAL PROGRAM
A variety of observational programs should be undertaken is part of a

broad biological investigation during the course of the NDS project.

3 .1. Specific Observation s

The several observational programs can be presented is question s to

be answered .

3.1.1. What are the distributions and abundance of plants

and animals in the water column : What are the most abundant organisms .

and what are their life cycles? What are the relations between the

organisms of the three main water layers? A study of the macrozoo—

plankton of the Canada Basin (Dunbar and Harding, 1968) showed , f i r

instance , that there were very few species that were confined to the

Atlantic layer and that the deep water contained its own fauna fa irl y

rich in endemic species (see also Hopkins, 1969b). It is important t i

know the extent of faunal exchange between the layers in the Eurasian

Basin , the extent of the vertical migrations , and their breed cycles.

It is not clear , for example , to what extent the life cycles are en-

vironmentally controlled in the upper waters and the nature of the

cycles in the highly stable and perpetually dark environmen t of the

deep water (Yingst , 1974; Kobayashi, 1974).

3.1.2. What sound—scattering layers of biological orig in

exist , and what organisms cause them? What species provide individua l

acoustic targets? Some p ioneer work has been done on this m a t t e r  in

the Canada Basin f rom T—3 (Hansen and Dunbar , 1970), but there seems

I 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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to be not h ing ~ 1I the literature on scatterIng layers in the Eurasian

Basin . Considering the di tt erent structure of the two basins, the

scattering layers in t lie la t te r  h i  iii m.iv be very di ii erent . 1 tie

scatterers in the Beaufort Sea were found to be concentt~~ted roughl y

at t he top and the bottom 01 the Pa~ it Ic water intrusion , which is lack-

ing in the Eurasian Has In. On the o ther  hand , it i s possible that the

density paitern there Uhi’ , be stidi as to cause biologli a! concentrations

equa lly marked but at different depths.

3.1.1 . What , is the pattern and tnagIi i tudL~ o f  primary product iv i ty

by photosynthesis in the water column? What is t hi range of product toni

biomass ratios in the A r c t i c  l aye r?  Primary production measurements

throughout the drift will be requ i red to answer this quest ion with light

measurements adequate for this purpose ; also , the routi ne measurement

of nutrients (phosphate , ni trate , silicate , .imonia). Fhie carbon

dioxide cycle should be monitored and also zooplankton biomass and dis-

solved and particulat e organic matter (see Kinneye ? ~i ., 1971). Is

the model ot light—limited primary production developed for the Canada

Basin adequa te t o  describe events in the Eu ras ian Bas in ?
3.1.4. What are the relations between the communities in the

water column and those assoc iated with the ice? What ire the patterns

of vertical and horizontal distribution of the in—ice flora in the

NDS reg ion, and how do they compare with what is known of the Canada

Basin? We have little information on ice biota from this region . The

work of Hoshiai (in press) in the Antarctic has shown markedly uneven

distribution of the diatoms both vertically and horizontally. As for

the normal p lankton in the water beneath the ice , t here are many

problems to be settled concerning the interplay between the two floras ,

which present interesting general ecological aspects and for which

solutions require information both from nearshore and oceanic reg ions

(Clasby et a 7 ., 1973; Alexander 
~t ~~

‘
• 

1974). When seawater freezes ,

there begins a separation of the ice system from the water system;

when ice melts , the two systems fuse . The details of these interest ing
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events art’ unknown . Another question to be answered is t t , t  of the

part played by the in—ice primary produc t ion In t1~ tot al produc t f i l l  of

the Arcti c Ocean . There i. also thai possibIlity that biolog ica l

particles , both In the i ce and over open water , ac t as ~~~ n uc le i i n

the air; air over blowing snow , f i r  instance , should be sampled for t h is

purpose. Finally, efforts sho uld be mad.’ to determine ~ i i~ ther l ee

flora , In the l ower levels of t he I , have :inv .i ~ r ic e I I c c l

intense d i atom growth may ha vi. a dampening o il oc t eli sound ec h o i ng

And sonar methods of measuring the growth i n t e n s i t y  :n i p lit tried .

I .  1. 5. How do the nut r tents eve I c ?  What is f lit n~~ t I - i t t  con-

tent of the At lant ic layer and how does i t  i t  Ii I nut lent I ev~ l s In

the upper ( a r c t ic  wa te r )  lay er , i t .it i l l ?  Nut ri oriL pro’! los I tu rn

t he Eurasian Basin would he most uselul  f i r  comparison with t h e  pro-

fi les in the othe r Basin and toward .i g ren t or unde r~~: m iii ng ‘I (t i.

re lation betwee n the a rc t i c  and At lant Ic l ay e rs  and the Iorma t !~~ii 1 ( Ii,’

mixed layer. There seems I i t t  Ic doubt t hat the d o  s i t s ’  ‘ ru t ire of

t he Arctic O c e a n  is not the primary cause of its low product  i v it v :  bit t

it is also clear that the a rc t i c  Live r must i t se l f  be torm ed hr C

modification and upward movemen t of the A tlantic w a t e r .

3. 1.6. What are the range and va r i a t i on  oh m i c r it i ia l  hi oma ss

and a c t i v i t y  in the water co lumn and along the t ime l ine , and to

what extent are the bacteria cryop h i l i c ?  This is a hash micr i i h io—

logical study and will involve the measurement of Al l  .iiul cit p u t  leU—

late and dissolved carbon; the NDS offers a uni que opportunit y I ‘r thi s

study. The same measurements shoril d he made at  higher t rc’ph i c lev e ls .

in order to model the energy f low through the whole svs t  em. rho s t u dy

a lso re la tes the benthos to the water column as a whole , and

to the process of sedimentation. The study ot thi.’ de otupi scr p u lse

should include the marine fungi , w h l ( h  may he the first invaders into

dead tissues and ce lls.

3.1.7. What is the composition of the henthos? How d I ve rse  is

it? What is its degree of endemicity ? The benthos is not at a l l  wel l



p.- ,~

97

known in the Arc t i c  Ocean , ve ry l a rge ly  h r  l ick øi t h e  sort of p lat  form

proposed in the pro SOIC t program. The bt’tt t hit i s should tie sampled hot Ii

with box—core samplers and with hyporbenth it sledges ( t  lii i e w i l l  un-

doubtedly be times when the ri’lat ivt’ speeds of L c e  and seafloor art’

dif ferent enough for the use of  such g~ ar). The i)bjet t ivos tier. ’ i,’.

manifold: How recent is the bent hie a r c t i c  fauna? Has p a r t i t io n ing

of t he depth developed , and L i i  what ex t eli t ? h ow f i t s  i t .  auna r~’ I it

to the past climate?

1.1.8. In general , wha t t ill the A r. t ic  0cc in svst em t t i, Ii its cli

the relations between environmental pr e d ie t. i h ill t y , oct svs le n i  st i b i l i t ’

diversity, and production? It would he di! I i c u lt to h ind a more pre-

dictable environment than the deep arctic s u e r , hut It’ fauna is not

likel y to be very diverse ; the opposite of wha t is found in wa ’incr

parts of the world. The deep a r c t i c  water may we’ll he a very old

environment , and yet i ts diversi ty is probabl y low ; ,u g i i I l , it reverse

o f what other parts of the world siig~~i’st. Produc t ion is undc.ubt ed lv

low , a condition assoc iated elsewhere w i t h  hi gh d i v e r s i ty ;  ; i gu in  t h e

reverse of the arctic situation . A st iid of these propert i es in the

Arctic Ocean , therefore , in the d e t a i l made possible by u s  ~d)~ pr .—

gram , is likely to con tribute important additions to general c i  log ica l

t heory .

3.1.9. Flow does the Arct ic  Ocean compare w i th  other o ia ’ans  in

terms of mar ine chemistry in general? B io log ists  ire g r e a t ly  c m —

cerned w ith chemical oceanograp hy ,  and the re is a c iear  need , w i t hin

the NDS program , for a pro fessional chemical inpu t that the biologists

themselves are not in a position to provide. The Eurasian Basin is

virtually unknown chemically. Wit h the except ion of  the unreleased

Russ ian chemical data that may exist , even common c hemical var iab les

such as dissolved oxygen are unknown . Only sparse data along the

fringes of the Basin , gathered by U.S. icebreakers , are ava i labl e;

the deepest penetration being the recent S~ a~~l?”~’: ’! track to 83
0 

north

of Franz Josef Land. Reasonable but fragmentary coverage ex is ts  on 

‘-— - - -- -- --
~~~~~
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the southern shelves (Barents, Kara Seas, etc.) but very littl e In the

region of the shelf break or the submarine canyons indenting the shelf.

Chemical teciutiques are now powerful tools for the solution of problems

in physical oceanography , mario.’ biology, clima te , and man’s perturba-

tion of large—scale phenomena , and good sets of chemical measurements

must be made In this large unknown area. Chemical t racers are useful

in many conte xts , inc lud ing mixing processes . tt~~ ident it  it ’at ion f

water masses, the flushing of deep basins , and t im .’ inf luence oh large

r ivers.

The measuremen t of nutr ients h,us at  read ’ , been discussed. In

addition to these , and the CO
2 

system , f requent measurement of special

elemen ts, including selected radiochemicals (tn t turn, 
l4~. radon ,

32~~ for examp le, and trace meta ls wi ll  add co ns l(he’ r . i f ’ ly  to tb.’ us c ’ f u l—

ness of the data. Good spatial d i s t r i bu t i on  oh s t .u t  ions Is essent ia l ,

especially covering interesting mixing areas.

3.1.10. How patchy is the distribution at the plankton ? Is It

possible that there are separate plankton stocks , in the same sense

as there are separate stocks of fish spec ies? Early work on the patchy

distribution of plankton was done in the Antarctic , but we lack similar

work in the oligotrophic Arctic Ocean .

We should observe plankton populations in water films of sea ice

in relation to mineral ion migration and electric f ield changes,

especially during episodes of espec ially active freezing.

3.1.11. Finally, sound s produced by sea mammals should be mon-
itored . These are of considerable intrinsic interest and have an

obvious bearing on acoustic studies in the sea in general.

4. LOGISTICS

4.1. The observations and time schedules for the various com-

ponents of the biological program cannot be discussed as an integrated

whole , s ince there is much variation in requirements. It is ant ic ipated

that there will be a need on board for six persons , of which four would

require laboratory space for a large proportion of their time. Sampling



can be divlded into ic. , water column . iii.! he ntt i i .  . Fei t’ some p ~rt s

of  the program , as phuy to p laukton and £ . c .  .on~~t inIty si m u d i . - , h i g h— i i. —

quc’ !lev sampling will be tiee essarv at t i uic’s ol iuu .‘ii- I v. activit y (bio-

logical sp r i ng and sunur~ ’ i’ ) , w i t  I, I.- t rt’quen I mt’lf i t ‘i  I ng it c)t he I I mes;

whereas for ..the r programs , Soc ii i’ ct.’c’pc’ r v at . i - . c ’ lutmn and bent h m t ’

assessment • t reqtu eii. ’ v c) I samp 1! tug 1m m ,, v ft. jc~ term ! ned go. tg r aph it ’ ~ I I- .

rat h,~• r t han season., I 1 v

2. Hyd rocast s , ye r t I ca l  L i  IWS , heui t hi.’ sampling w I th u sledge

and box cor e s , and d ive t ’ ’ ( b r  unde r — i c e  wor~ ) wi l l  h.’ emp loved is

needed. A hydrograph Ic winch f o r  Ni si in h~it t I. s.urll. I lug and win ehu

capabi l i t y  for t raw l ing mud c. mr i ng w i l l  be re’qui I . . f  . A conside t i

ar r cv tif Inst rumc’ntjt tim is Included be low u s an addendum to  t ii ,

budge t e ’ St  ima t e . The hit) log i.- .ul program W~ II m . , ’ .f a i ivd rohu t 1 ii —

se lf and access a iso i i i  a large wi n .  ii on l it i i  r i  I or t lit. deep~-~.i m r  and

bent lii . work.

+ . 3. Schedules will be dcl t ’ rr’in. ’d h~ indi v id i m ;u l r ’ c r m m  ,‘l,~rs’nt

requi renient S .

.. Some s ix  invest  igat r c a t li in e h ,a rg m ’ m t a port  ion t t h e

program , w i l t  interact t . m  f u l  I ill the requ i r,’rnOIl t s oh I he Sc lou t if Ic

design. Eac h program part wi l l  have one re p r e s c n t . m t i v c  invo lved in

tile f ield phase in addit ion to shorter-term visits by the se nior

personne l. Cooperation w i l l  he essent i a l  between the members of t Ime

bio logical patty , so tha t ope rat ions requi ring m i r e  t han one per s i t

can be accomp lished.

5. COST ESTIMATES

Sa laries and Wa ges 1 st  Year

6 persons for 1 viar (shipboard personnel ) $120 ,000
Pr inc ipal Investigators ’ Sa l a r ies  20 ,000
Fr inge Benefits and Overhead 100 ,000

$240 ,000

Transportat ion $ 25 ,000

-- ‘~~~~~~-‘-~~~~~~ .-- . -- 
1_. -- - - ~~~~~~~~~~ - ‘--~~- ~~~~~~- . -~~ -~~~ 

,:



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

~~~

100

Expendable Equipment

7 programs @ $2000 $ 1!.,000

Equipment (see attached list)

(Estimate) 150,000

Othe r

Shipping and Comunlcations 10,500
Report and Publication Cost 3,500
Contrac t Services 100,000
Secretar ial and Engineering O(J

134 , 01) 0

TOTAL (Year 1) ‘.01 ,001)
(Year 2) Same as Year 1 400 000u i ) 000 for increments 

_______

and Equ ipment
(Year 3) EstImate without

Trave l or Equipment $~OO ,0~~
SOX Personnel -

5.1. Equipment Requirements for Biological Program

Autoclave

Spec trop ho tome te r

Sc intillation counter

pH meter

Balance and scale

Glucrometer

Centrifuge

Dry ing oven

Wa lk— in temperature—controlled room
r Corning Glass still , de ionizing columns

Ec ho Sounders, son ic gear

Co llecting equipment

Nets

Dredges

Niskin bottles and rack

Box cores
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Pumping system for filtration

Diving equipment 
_______

$150,000

Ot her equipment , probably suppli ed by
part icipating instituti on s:

Microscopes
Hyperbenthic sledges
At tenuance tut Lo r
Photoin~~t~ rs
Incubators
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MARINE ACOUSTICS
1. BAC KGROUND

1.1. Exist ing Informa tion

The two features of the polar environment that most strong ly infl uence

underwater sound are the permanent ice cover and 11w velocity structure

in the water. Ice deformation at pressure rid ges is the prin c ipal

source of ambien t noise. The ice modifies propagation , particularly

at h igh f req uencies, by scattering waves from the rough ice boundaries .

Sound velocity is generally increasing with depth from the surface to

the bottom. In sufficiently deep water , sounds are transmitted to

great ranges in this sound channel by upward refraction in the water

and repeated reflection from the ice canopy. The surface sound channel

of the Arctic is the polar extension of the deep sound channel or SOFAR

channel of the nonpolar oceans (Ewing and Worzel , 1948), but the arctic

signals are often quite differen t in character from those observed in

the deep channel, largely because of the predominance of low—frequency

waves in the Arctic.

Virtually all acoustic measu rements in the central Arc tic Ocean

have been confined to the Ainerasian Basin . These measurements span

nearly a 20—year period . They reveal a strong spatial and temporal

variat ion of propagation loss, ambient noise levels, and reverberation

levels, but it is only recently that experimental and theoretical in-

vestigations of under— ice propagation loss have been made to un-

scramble the causes of some of these variations .

A wave theoretical model of long—range propagation in deep water

has been developed (Kutschale , 1969). Using this model , the normal—

mode structure of explosion signals detected by geophones on the ice

and hydrophones at depth has been accurately predicted .

Coincident measurements of propagation loss and ice roughness

(Diachok, 1974) suggest that reliable estimates of propagation loss

103
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as a function of range can be obtained from airborne measurement s 01

surface— ice roughness combined with computer modeling of loss. A

phenomenolog ical model of under—ice reflection loss based on the

assumpt ion that ridges may be represented as randomly distributed

elliptical half—cy linders has been developed (Diachok, 1975). Pre-

dic tions of the reflection loss mode l have been verified at small

grazing angles and at frequencies above 200 Hz and to some extent be-

low 50 Hz.

Ref lection loss at a flat ice—water interface at frequencies above

10 kHz has been measured at a few angles of incidence (Langleben, 1970)

and compared with theoretical computations (Mayer , 1974).

Ve locities of longitudinal and shear waves in sea ice show a

marked seasonal change , which are largely attributable to variations

of ice temperature (Hunkins, 1960) . Limited absorptivity measure-

ments in ice have been made at frequencies above 10 kHz (Langleben ,

1969) .

Under—ice reverberat ion levels measured using omnidirectional

sources have been qualitatively related to the observed “roughness” of

the topside ice cover (Mim e, 1964).’ Qualitat ive backscattering

measurements using directional sources have shown that ridges , which

are generally spatially well def ined and far apart, are the pr imary

scatterers of sound at high frequencies (Berkson et a 7 . ,  1973).

Absorption measurements at 10 kHz in near—freezing seawater

(Greene , 1966 ; Garrison et a l . ,  1975) indicate that the relaxation

frequency is considerably lower than that given by generally accepted

absorption equations. At frequencies well below 10 kHz, an excess

absorption has been found in laboratory studies to be caused by boric

acid with a relaxation frequency of 1 kHz and to be af fected by the

car bonate concentration (Simmons and Fisher , 1975).

Reverberation levels from biological scattering layers in ice—

covered waters exhibit an annual rathe r t han a diurnal cycle (Hunkins ,

1965). This character is apparently a response of the scattering

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _  _ _ _ _
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organ isms to the unique light cond it ions I) r(s~~1t in the A rc  t li .

laye r occurs at a moderately shallow depth of between 50 and 100 m .

Ambient no ise has been measured under various sea—ice and ot her

environmental configurations. Qualitativ e differences between the

charac ter istics of noise measured under pack ice in the centra l Arct ic ,

fast ice in the Canadian archipelago , and ice Interacting w i th  waves

and swe ll in the subarctic have been reported. Noise levels under

pac k ice have been related to wind veloci ty  (Greene and Buck , 1964;

Mellen and Marsh, 1965); noise levels under last  ice have been related

to the rate of change of air temperature with t ime and to wind velocity

(Canton and Mim e, 1965). A quantitative model of the noise spectrum

resulting from thermal ice cracks has been developed (Milne , 1966).

Noise levels at the Arctic Ocean—open ocean boundary have been empir-

ically elated to sea state and to the period of incident swell

(Diachok and Long, 1974).

Signals from a few marine mammals indigenous to ice—covered waters

have been investigated qualitatively (Ray and Watkins , 1975; Ray ct  a l .,

1969; Fish and Mowbray, 1962).

The Eurasian Basin is expected to be different from the Ameras ian

Basin because the warm core of the Atlantic water lies relatively close

to t he surface and because of the Basin ’s prox imity to a very large

freshwater input and the rapid salt exclusion during freezing of exposed

waters in dynamic conditions anticipated for the area . The dri f t  will

be in an area of rather rapid ice motion . Hence the ambient noise

level can be expected to be markedly different from that of the less

dynamic Ameras ian Basin. In addition, the Eurasian Basin has signif i—

cant seismic activity.

The particular advantage of the Nansen Drift Station (NDS) is that

it a llows collection of data in a new area from a pla tform that afford s

the opportunity to conduct experiments that would be difficult to con—

duct e lsewhere. Much of the present data taken in the Amerasian Basin

is limited to the spring and summer months when the properties and be—
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havior et the Ice are sign !) L( - IIl t ly  d i l l  & rent I ron the rt rnal nd t~r of the

year. The high degree of va r l i hi  l i t  y requi res t lie acqu is i t ion  if a

large ~.et n t data in order in der lye a 5(1 it .ih I e s e t  o f  St at i st i S.

The pr . sence of helicopters and ixe d—win g  a i r c r a f t  associated w i t h

NDS wi I I a I low the inoh i l i l y  needed t o  m ake meaning fu l  acoust me measure-

ments over the entire year , while t h e complementary set of scientifi c

observations vast ly enhances the value ol t i m e  acoust ic  data.

1 .2 .  Gaps and Their  Si gn i f i c a n c e

Virtua lly no acoust ic data  e x i s t  from the Eu rasian Basin. We are unable

to predict acoustic propagation loss , ambient no ise levels , reve rbera-

t ion levels , and array performance versus t inc and space in the

Eurasian Basin. Pred jet ability of acotist i e prupert  ies  is required for

underwater operations in the Arctic Ocean .

Specificall y the following important ~ ips exi st at the present

time:

1 .2. 1 . There  exist no concurrent measurements of  pro~ agat ion

loss and environmental f a c t o r s  in the Eurasian Basin.

1.2. 1. Propagation loss in the i iii r.mso n u’ f requency I md

f r om 2 to 10 Hz has not been measured.

1.2.3.  Propagation loss to geophones in the ice  has been

measured only in the Amerasian Basin. The effects on loss due to geo—

phone location near pressure rid ges and leads have not been measured.

1.2.4. The under—ice reflection loss model requires v a l i da t i o n

at low frequencies , with under—ice ridge characteristics extracted from

submarine sonar under—ice prof i les c o i nc i d e n t  w i t h  the loss measurement s .

1.2.5. A theoret ical model of under—ice  sound propagat ion

that can accommodate spatial variability of sound ve l oc i ty  s t ruc tu re ,

ocean depth , and s u r f a c e  r e f l e c t io n  loss  has not yet been tested.

1.2.6.  But -ton loss in i ce —cove r e d  w a t e r s  has not been in-

vest igated.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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1.2. 7. The midwater absorp I i vi ty ~mi I requ&’ne Ie~ ul t lie order

ut 1 kHz has not been accurately measured nor has it been related to

the chemical composition of water masses in the field.

1.2.8. The strong bot tom rever ht~r it  iou in the band 4 to

20 Hz commonly observed in long—range explosive propagation has not

been investigated quantitative l y .

1.2.9. No measurements of ambient noise ex is t  in the Eurasian

Basin; in the Aznerasian Basin experiments have been c a r r i e d  out in con-

nection with the AIDJEX Program to re1 ate~ ambient levels to large—

sca le ice deformation.

1.2.10. The source levels and radiation patterns of various

types of ice de formation have not been determined .

1.2.11. Acoustic signals emit ted by marine mammals have not

been quantitatively related to the behavior and migration patterns of

marine mammals in ice—covered waters.

1.2.12. Only limited experiments on the horizontal and

vertical directivity of the ambient noise field have been made .

1.2.13. The effects of anisotropy of ambient noise and

signal incoherence on the array gain of large—aperture , low—frequency

arrays have been measured only in limited experiments and only in the

Amerasian Basin.

1.2.14. Only limited under—ice backscattering measurements

f rom directional sources have been made.

1.2.15. Reflectivity at the flat ice—water interface needs

to be measured virtually continuously with angle , for several different

ice types. The seasonal variability is not known .

1.2.16. Spatial and tempora l signal fluctuations and co—

herence have not been investigated .

1.2.17. The existence of the deep scat ter ing layer in the

Euras ian Basin is unknown, and no quantitative volume reverberation

measurements have been reported for the Eurasian Basin.

1.2.18. Vertical pro fi les of the longitudinal and shear—wave
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velocity in sea ice have never been measured a s i  I (ant I ion of t emper

and salinity in the i ce .

1.2.19. The velocity and absorp tivity of sound in t he  s lush

layer ” at the ice—water Interf: tce have never been determined.

1 .2 .20 .  No backscatte r ing measurement s from the seat loor

have been made.

1.2.21. Coupling of  propagation  f rom s ima l  low to deep v- m t  e r

and vice versa has not been investigated q u a n t i t a t i v e ly.

2. PURPOSE
2.1. What is the Problem?

In general, we are unable to predict propagation loss , ambient noise

levels, reverberation levels , and array performance.

2.2. Why is i t Important?

Predictability of acoustic propertie s is required for underwater opera-

tions in the Arctic Ocean. The operation of submarines in the Arctic

requires sophisticated sonar equipment . The design of such equi pment

requires knowledge of the acoustic propert ies of the underwater medium

and t he boundaries.

The purpose of the proposed investigations is to measure these

properties in order to understand the interrelation between acoustic

properties and environmental parameters.

The use of the drift station serve s two needs: (1) to investi-

ga te the acoustic conditions in the central Arctic as encountered by

the drift stat ion and (2) to provide a convenient and long—duration

platform from which to investigate acoustic phenomena.

2.3. What Can We Do w i t h  the Answer?

We can develop models of under—ice acoustic properties from measurable

environmental parameters, and in some cases we can infer environmental

parameters from acoustic properties.

2. 1+. How Does the Answer Relate to Other Research Projects?

Deve lopment of fundamental models of propagation loss, signal fluctua-

tions , under—ice reflection loss, and reverberation requires realist ic
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models of (1) the spat ial  and temporal va r iab i l i t y  ot t empe ratu re ,

salinit y, currents, and In ternal waves in tile Ar m - t i c ;  (2 )  the geometr ica l ,

s ta t is t ical , and physical propert ies of sea Ice; (3) physical  propert ies

of sediments and underlying basalt as a function of depth and location .

Mode ls of sea ice require consideration of not only Stati c proper-

ties of ice and water but also the effects of currents and winds on

ice properties.

Predic tability of average und er—ic e parameters , I rum above—ice

measurements , requires answers from s p e c i a l i s t s  involved In remote ’ sens-

ing from aircraft and satellites .

Pred ictability of sound v e l o c i t y  str iu-t  m ire and cur - n t  requ i res

inputs from specialists involved in modeling and hydrodynamics of

water masses in the Arctic Ocean . Predictability of the ahsorptivi tv

requires knowledge of the chemical composition of the various water

masses.

Models of the sound veloc ity, dens ity, and absorptivity versus

depth in sediments and the underly ing basement require’s information ex-

tracted from cores and seismic reflection and refraction measurements.

Development of usefu l models of ambient noise requires development

of a theoretical understanding of ice dynamics and ice deformation

processes, their frequency of occurrence in t ime and space , and their

corresponding ambient noise source levels. Phenomenolog ical ambient

noise models will probably be based on ice properties observable from

sate llites.

Predictability of the temporal and spatial variability of the

frequency of occurrence and the level of bioacoustic signals requires

a fundamental understanding of the migration patterns and behavior

of mammals in ice—covered waters .

Development of fundamental models of volume reverberation re—

quires knowledge of the distribut ion of biological scattering layers

in time and space. 
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3. O B S E R V A T I O N A L PROGRA M S

3 . 1. S p e c i f i c  Observa t ions  t i  Be Taken

The o b j e c t  ive ot t i me ac o u s t i c  program is  t c o l l e c t  at -oust It ’ intt i rma t ion

that (a) is lu t im i  iar to  t ime  r m -g i o n  or (b) Irm he dune best by the

t m - i l  i t  i t - s  t lm , m t  a r t -  pecul  i t r  to ti m e ship and i t s  d r i f t .

The observat itiria I program is d i-s i r r u d t o  provid e h:is le ,i t i , s t

d . m t  o t  prupag it ion loss , s igmi a I m od mt i se Ic Id e t i l m e r e u t  , .mrlm i) ient

noise’ , t~eve ’ rbe rat ion , amid a r r ;m v p e r t  o rmane - e in a la m ~~m I v r ne :-: p 1 red

portion of tim e A rc t  li O~’ean , as w e-I l as to help provi th ’ answers It )

fundamental problems ut sound propagation in the ocean .

The observations are conveniently divided into four groups:

propagation , ambient noise , reverberation , and array performance .

The experiments are summarized in rab l e’ 10.1 in order of pri ority.

3.1.1. Propagation

The acoustic propagation would be measured as a function of the

oceanographic, bot tom , and under—ice parameters , scaled appropr iately

to the frequency Involved.

Low—frequency propagation measurements in the frequency ban d 2 to

1000 Hz would employ standard explosive sources launched from Twin Otter

aircraft or at helicopter landing points along a line’extending 150

km or more from the icebreaker. Listening could be done from hydrophones

and geophones of the proposed seisnm ic buoy array of the geophysics

group. This array would provide listening devices up to 30 km from the

icebreaker. Ice—surface laser profiles over the acoustic track would

be measured from the Twin Otter or helicopter , coinc ident wi th the

propagation. The measurement s of propagation loss would be extended

to long ranges , up to 1500 km, using Navy P—3 aircraft or other air-

craf t suitable for the measurements. Explosive charges would be

launched coincident with laser profile measurement s of the ice surface.

These measurements wou ld be extended by use of large acoustic pro-

jectors at the ship with reception at remote buoys . The icebreaker

provides a unique opportunity to deploy large transducers. The fre-

quency band would cover 10 to 200 Hz. Lower frequencies to 5 Hz would

_
_ _ ___

~

‘_

~

__ i ,_ 
-‘-- -—‘.

~~

‘ -  .—“—-—----.-—— 

~~~

-‘— --- - — -‘ —--- -

~ 

—- “--- ‘

~

--—‘-



p —
~~~~ 

::—~~~ 
- ——

~~~~~
--—-—-‘--,--. ---—--‘-----------——.~ -‘~

Ill

he’ invest ig ited  if suc h a source’ Is made ava i lahlt’ . The ew measurements

would be compared wit it p ropagat iota front sItu t I,mu mac l i e d  near t i t  it c m-a ke - r

The low—frequency propagation experiments would be coordinated

c losely with investigations by the geophysica l, oceanograp hic , and

sea— ice programs . Propagation as a function of source and receive r

depth , shadowing by bottom feature ’s, composition of t ime subbottom , ~ lr—

face roughness , bottom roughness, and changing thermal profil e s would

be investigated . Propagation loss to ocean—bottom se’nsttrs would he

measured by t he special ocean—bottom se i smic sta t i ons  ol the g& op livs ics

group.

High—frequency experiments (above 1 kHz) would measur - t h -  ab-

sorption of sound in seawater. In most water , t ime’ t r a n s m i ss i o n  is so

badly distorted at a range of 1 km tha t an ave-r age- sound level t ’.nnm t

be determined . However , deep arctic water , with a large port ion ot the

water column near the freezing point , may he sufficiently unit mi ~ t t

permit absorption measurements of heretofore unobtainable a c c m m r i t  V .

Experiments on acoustic f luctuations in t ime Arctic offer arm

opportunity to isolate and investigate oceanographic—aco mist ic ph enomena

that are not separable in experiments in othe r oceans. The sound speed

field and its perturbations are such that ray paths can be resolved

that have comparatively small sound—speed perturbations in the vicinity

of their turning points. Coordination of the acoustic and oceanographic

experiments will correct a shortcoming of many previous oceanographic—

acoustic measurements that did not have comprehensive and simultaneous

oceanographic measurements to support acoustic data.

In general, a properly designed acoust ic experiment would require

bottom—mounted positioning systems to measure and account for source

and receiver motion , but , for  some measuremen ts, it may not be

necessary to account for the anticipated slow relative motions.

The proposed experiments could be accomplished by the use of a

real— time coherent processing system designed around a general—pur-

pose mini—computer. Software for such a sysrem is currently being
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developed . ‘l’his approac h al lows t h e  u s e  ot  a wide v ,mr ht  oI t es t

s ignals tha t probe various c i m , m r - m c t e r i s t  i~~s ol t ime j u r p m ~~ m t  i tt u m t Iranuw l

Coherent processing ima s been used w i t h  s m mc ce s s on t j xe d—s ’,’~~t em expert—

m e r t s  l i t  the Florida S t ra i t s  and between Eleuthera and Bermuda. The

c hannel probe signal can be so se’ lec ted tha t many cha r -m u t e r is t  I Cs t u t

the propagation channel can be measured simultaneously , lim e ’ transmitted

signa l would be a linear maxima l pseudo—ra ndo m se quence . Eac h digit

of the coded sequence consists ol perhaps c’ ight cyc les of tire’ ,-arr ie’r

f requency (possibly 400 Hz).  I’hus , the digit and dur ation (20 n il—

liseconds) determines the pulse resolution ot the si gnal. Tire sequence

must be sufficiently long to resolve all the pulse arriv a ls; that is ,

the numbe r of digits in the sequence t inmes the durat ion of c a c t i  di g it

must be greater than the to ta l spread in travel  t imes of the multip ath

arr ival .  Suc h a signal will allow for the simultaneous mea stmre- flm e ’nt s ot

the following channel properti es:

3.1.1.1. cw Phase and transmission l o s s t s .  S t n i s t i c s

of cw fluc t uations aid in the e’vm lua t ion of sonar sys tem pc ’ r l t t r i . u i m c e s

and operational ana lysis. Phase rate ari d euim e re’n t h rocess I ng t 1 mm ’ m an

be predicted with cw data. Long—term slow I luctua tions in  p l m m st mr t-

thought to be related to slow f luctuations of oceanographic p lac -umtm e ’na

such as internal t ides and inertial oscill ations.

3.1.1.2. The cw carrier line a lso can be used to

measure time—vary ing Dopp ler spect ra .  Sca t te r i ng  from t urhrm I e nc e  , m long

the path of propagation will be responsible for the Doppler broadening

of the observed spectral lines.

3.1.1.3. Broadband transmission loss and ambient noise

By using comb—filter processing , the average power of t i m e spectra l

lines composing the pulse spectrum can be computed continuo u sly . This

measurement provides information on the bandwidth of fades and estimates

of the broad stability of the channel for communication . The same

fi lter computations can be used to measu re ambient noise over t i m e  same

bandwid th by plac ing t ee t h  of the-’ comb between time’ spee -t r~m I I i tm -s t ’ t

the si gnal. Thus, the s i g n a l — t o — n o i s e  ratio can be computed with the

same bandwidth and gain.
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1. 1. 1 .4 . The’ p u m i Se’ r t - s p u ’ m mse  u t  t Ire c im mrmi m m- I c m  u Iso he

measured. By St t e e  t lug e xpc’r i flme ’rm t a 1 geomet r v , It w i l l  he piass liu l t m

ide n t i ty  pulse a r r i va l s  and ,usst ’ciat e t hem wit Ii r u ’ paths . At  ranges

mit approximately 120 km, t u e  spread of a r r i v a l  time s w i l l  be of the

order of 200 to 300 mill i seconds • wh m i elm can e.ms i lv be’ re-st I ve’d wit ii

the’ proposed 20—mill Isecond digit . Ihus , it h u t t o n -s possible ’ to

observe t ire phase .~nd t ransmission loss f I net u m .m t ions of t t~ Individua l

paths. Path sp litting can he ud ms, - rve’d , St at ist its of the s ing le—p ath

phase and transmiss j u t  loss c m li  be compared w i  t Im s m mmi I t,mflt’uus measurement

of the multipath fluctuations.

3.1. I . ‘
. For ~;omc’ I m - ansnt iss ion cha.m m ir i ~- is , it is ,“ s - i m  l.~

to re Sd I ye S imu It aneous lv both Ire p u rl se mm — t u m o m  si - .mnd thu Dopp hr
broadening. This is ~mc - -minu p I ishe’d b~ a su -i t t~-r I m~ — I r O t  i on mIm e ’ .m,, ml , ‘ a e l u  t

Tile scat tering func t loam is the int ensit y as a u t :1  t ion I I r t ’,- t - I  t ime

and Doppler frequency. Scat ter ing—funet  ion m e u s m m r -m e nts  ar e - not a lw;mys

poss ible , since the particular channel may be v-r sp r u - u u l ; t h u t  is , th-

spread in arriva l times from mu ltipat ir m ’xce’e’ds t i m, ’ N v q m mi s t peri od m t

the Dopp ler broaden ing t o  be measured . If one has cont r I ov e r the’ c’S—

perimen tal geometry , it is possible to avc)id overspread channels. For

typical arctic conditions, the scattering funct ion could he’ measured

out to ranges of 30 kin. The scattering t unction would determine Doppler

br oaden ing from turbulence along an individua l path. Since successive ’

arr ivals have reduc ed dep ths of penetration in the water column , ii

may be possible to infer turbulent veloci t ies as a funct ion of depth

from acoustic results.

3.1.1.6. Spatial coherence would be measured by simul-

taneous pulse response observations at  hydrophones with various hori-

zontal and vertical separations.

3.1.1.7. Pulse response me tsua re me nts from shot s and .mri v

other conventional incoherent processing techni ques c-all also be

readily included .

~~~---- .~~~~~~~~~~~—-~~ ‘ - -
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3 . 1.2. AmbIent Noise-

Ambient noise would be measured as a function of f requency,  d i rec t  ton-

ality, and seasonal correlation to environmental paramet ers su ch as

meteorolog ical , ice dynamics , bio logical , and oceanographic observation s

made by othe rs during t his experiment .

Some buoys could be deployed along the’ track en route to the

freeze—in point and could thus provide missing ambient noise data over

a very large re’gion of t he Arc t ic  Ocean. h owe ver , the principal

appl ication of these buoys would he to monitor t h e’ noise’ field along

the drift track of the frozen—in ship, where knowledge of the environ-

mental parameters from the mit her investi gations greatly increases the

value of the noise’ observations, Such buoys would be deployed in two

three—buoy triangles about the shi p at ranges of about 100 and 200 km.

The acoustic buoys would provide long—term measurements ot ambient

noise in selective third—octave bands covering time fre’quenu v band from

about 3 Hz to perhaps 10 kHz. These data wou ld be te le~ iet e red to

satellites along with position data derivable from intera ction with the

satell i te. The position accuracy requirement should be dictated by t Im e

requirements of the ice deformation program , since these buoys will

also serve as elements of the large—scale strain net for that program.

Buoys suitable for the acoustic task have a lready been developed and
used in the Arct ic.  Somewhat simila r buoys using VHF radio telemetry

to the ship or internal tape recording, wh ich have the capability of

determining low—frequency noises as a function of both vertical and

hor izon tal direc tion , would be highly desirable. A modificat ion of the

Arc tic Data Buoy employed in the AIDJEX program may be applicable- .

These buoys co uld be incorporated in the proposed seismic array f o r

measuring earthquake waves. The satellite communicating buoys will

function automatically throughout a nominal two—year period . The

buoys for measuring low—frequency directional noise w ill require
periodic servicing by helicop ter throughout the- entire drift of the

ship.
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Source levels of ice def ormat ion would be measured by instrumenting

an active pressure ridge near the icebreaker with an array t tt  standard

Navy AN/SSQ—57 sonobuoys. Signals would be recorded aboard the ice-

breaker. This eff ort would be coordinated with the measurements of

ridge dynamics by the ice physics and engineering group.

3.1.3. Boundary and Volume Reverberation

3. 1.3.1. Boundary st ’ . a t t e ’ r i u u g .  The e’ffect ul tim e’ bound-

aries on acoustic transmissions take several forms , each app licable to

both the surface and the bottom : (a) forward ret le’ct Ions, whe re- t ime-

surface is sufficiently smooth that th e - specular re f l ec t i on  is dis-

tinguishable; (b) backscattering, or reverberation , measured at the

trans&tter location; and (c) scattering in all directions other than

that of the forward reflection and the backscattering.

Measurements are needed of the acoustic reflertions from the ice

that can be examined and characterized. The reflective quality may

change as ice forms or mel ts on the under—surface. The exc l usion of

salt , with some brine trapped during freezing, and the early mel t ing

of such br ine during thawing, add to the complexity of the under—sur-

face.

Under ice, reverberation measurements would be made with

directional projectors covering the frequency band from 1 kHz to about

80 kHz, possibly employing a parametric array for the lower frequencies.

These boundary reverberation measurements would be concentrated in

regions where ice morphology has been established. Observations of the

under—ice topography made along the acoustic path are highly desirable .

An Unmanned Arctic Research Submersible System (Francois, 1973) is

available to provide these funct ions, as well as to collect other

oceanographic data of horizontally distributed phenomena . Coinc ident

top and bottom ice profiles might be obtained using a parame tric sonar

system installed on the unmanned submersible.

Low—frequency reverberation from the ice would be measured from

exp losive sources by a standard method (see , for example, Mim e, 1964). 

-—- ---~~~~~~~- -- -~~
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The measurements would be made at helicopter landing points in areas of

different ice conditions and would be correlated with surface profiles

measured by a laser aboard the helicopter and with measurements of

under—ice topography and high—frequency backscattering coef f ic ients from

a portable side—scanning sonar (Berkson ct a 7., 1973).

The NDS provides an opportunity to make long—range , hi gh—resolution

sonar scans of the seafloor over a midocean ridge. This could be accom-

plished employing a three—dimensiona l array of hydrophones suspended

from the ice near the breaker. Such an array designed for the range 1

to 4 kHz would permit steering in the vertical as well as the horizontal

direction. Processing of the backscattered energy from small explosive

charges (1/2 lb of TNT) , a repeatab le broadband sound source , or a

3.5—kHz transducer would be accomplished by beamforming with the aid o f

a minicomputer aboard the ship. Tim e experiment would he repeated on a

three—to—six hour interval along the entire drift of the ship. The

output of each horizontal beam would be displayed on a plan position

indicator giving a true horizontal distance presentation . Processing

by digital computer would be done during the interval between acoustic

t ransmissions. The calibrated equipment wou ld quan t itat ively d isplay

backscattering strengths of the seafloor. The array could be employed

to investigate in detail reverberation leturning from a particular

direction in the three—d imensional medium. The small displacements

of the platform between acoustic transmissions could be exploited to

increase resolution of features on the seafloor by coherently processing

outputs from each trtnsmission to form a synthetic aperture .

The array could serve experiments in two other areas:

(a) Vertical and horizontal directivity of the ambient noise

field with the ship noise nulled by adaptive beamformning.

(b) Long—range backscattering from the underside of ice.

3.1.3.2. Volume Scattering . An importan t consideration

in the design of active acoustic systems is the strength of volume re-

verberation of the medium in which the system operates. In ocean waters ,

L: ‘
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this parameter is a func t ion of the biolog ical population de’nsity. ‘l’h e

density ot  biological scatterers is usual l y  very low in the Art-tic

during the winter. The arriva l of long hours of sunligh t in the summer ,

however , brings a plankton bloom with an accompanying increase in

organisms of all sizes.

Volume reverberation measurements at frequencies from about 15 kHz

would be made and coordinated with the bio logical program. The volume

reverberation measurements wou ld be of two types: first , a high—

frequency, continuous vertical scan of the water column to provide

qualitative information on the depth distribution of the biological

scattering layer(s) and , second , a quantitative series of measurements

that would yield volume scattering strengths at several frequcncies , as

a function of depth, at selected time intervals (typically, one week).

A special underwater camera sho u ld be used to photograph the

scatterers. Triggered acoustically by the organism , the camera would

record visual evidence of the scatter and would improve iden tification ,

particularly of the larger species, which can avoid nets used in the

biological sampling program. These investigations would provid e input

to a biological prediction model that could provide more accurat e

forecasting of correlated conditions of volume reverberat ion than

could a statistical sampling program alone.

3.1.4. Array Performance

This experiment is designed to measure the effects of anisotropy of

ambient noise and signal incoherence on the array gain of large—aperture ,

low— frequency arrays. The icebreaker ’s projectors would provide a

unique opportunity. The measurements cou ld be made with a portable

narrowband beamforme r at a temporary ice camp at least 600 km from the

shi9. Array gain would be measured directly and continuously over a

per iod of about six weeks by measuring the signal—to—noise ratios both

of the beam and also on a single hydrophone in the array. Signal co-

herence would be measured separately, using hydrophone pairs at right

angles to the wavefronts.
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3.1.5. Specia l Project  on Sha l l ow — W a t e r  A c o u s t i c s

Presumably, the start of the drift will be over the continental shelt.

During the period that the icebreaker is in this relatively shallow

water, a concentrated program in shallow—water acoustics should be

undertaken using he licopters. Since this is by nature a short—range

project , the helicopters would be particularly valuable in this

undertaking.

3. 2. Instruments

The information is summar ized In Table 10.1 , but it is worth e laborat ing

on the buoys and sound sources because some preliminary work should be

done before the drift beg ins .
F 3.2.1. Buoys——Ambient Noise

The NIMBUS 6/SYNRAMS system is a useful technique for accomplishing this

work.

It is not certain that the NIMBUS 6 will still be in orbit during

the period of the NDS projec t , but even if it is not , the follow—on

satellite , TIROS N , will be similar in its processing and data—handling

capabi lities.

Two items should be accomplished before the drift beg ins. These

are (a) improvement , simplification , and modification to lower the costs

of the SYNRANS da ta buoy and ex tension of its capabilities to handle

more acoustic frequencies and (b) improvement of the hydrophone suspen-

sion system to increase performance at the very low frequencies of 2 to

5 Hz .

3.2.2. Buoys——Propagation

Buoys will be needed for propagation experiments. Some of these

buoys could be integrated into the proposed seismic buoy array. Others

will emphasize the low—frequency band and be located at considerable

distances from the ship. Propagation buoys are currently being

developed. A preparatory project for the NDS should includ e an arctic

trial of various types of these data buoys.

_ _
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3.2.3. Sound Sources

Accurate energy source levels of various sizes of unde rwater explosive

charges will have to be investigated before and perhaps during NDS

project. The availability of a good cw projector system on the ice-

breaker will enable some of this work to be done. These measurements

are especially important for the extremely low frequencies , where it

may be necessary to use source—leve l values of underwater explosions

below the first bubble pulse frequency. Preparatory development that

should be conducted before the NDS project will include the design of

explosive sources of various sizes to be detonated at various depths.

3.3. F r e q u e n c y , Ti mes , Schedules

Presented in Tab le 10.1.

3.l~, Personnel Req uired

Presented in Table 10.1.

3.5. Data Management

Format of data will be specified.

4. REMOTE SENSING
The laser profiling system must be aboard the aircraft or helicopter used

for making the acoustic transmission runs . There should be a capability

aboard the helicopter for strip photography of ice. Remote sensing by

existing satellites should be used if possible.

5. LOGISTICS

5 .1 . Movement of Staff to and from Icebreake r

The noise—measuring buoys require a two—man team for installation . Three

people rotated at four—month intervals would remain on the ship to con—

duct the hydroacoustics experiments , including the short range Twin

Otter and helicopter—supported propagation and reverberation measure—

ments.

The high—frequency acoustic measurements should be made during a

period in which unif orm sound propagation conditions (negligible micro—

structure) exist from the surface to depths of the order of 300 m,

estimated for this region to be in March and Apr il. This work will

require five people for a four—week period during the first year of 

—- ‘-‘- ‘-~~~~-~~~~~- -
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the drift. Time measu rement  s should he’ re ’ pe -~m t e d , in pa r t  , du i r i ng  the

autumn in e)rder to m m s s e ’ss the p rope r ty  c hanges of the w a t e r —  ice inter-

face during the summer and thei r  e t  f e -c t  on the acoust i ’  propert it -s of

the interface.

Four peop le are required for a tw o—month interval each year to con-

duct the experiments on fluctuations. The timing of these expe r iments

would be coordinated with time oceanographic program. Five peop le f or a

six—week interval are requ i red to conduct the experiments on array per—

fo rmarmce.

5 .2 .  Needed I n s ta l l a t i o n s  on Ship or Ice

WIND— c lass icebreakers are poor p la t forms fo r  acous t i c  research , because

the ship ’s service electric generator is “hard  mounted ” and diesel—

driven . At least one of these must be in operation at all times. It

is strongly urged that the icebreaker assigned be equi pped with a

gas— turbine—driven generator placed in the superstructure on sound

isolation mounts. This generator would provide vital power for the ship

and science program during periods when acoustic experiments are being

carried out .

A derrick is required for lowering large transducers (up to 2000

kg in a ir ) ,  such as a large cw source and a low—frequency parametric

array.

One or two laboratories are required for the special equipment

for mon ito ring the buoys ~nd data—processing equipment. Desk space and

an electrunics shop aboard the icebreaker are required.

The acoustic measurements sensitive to ship noise should be made

from a camp at least one kilometer from the icebreaker. The distance

is dependent on the noise level of the icebreaker. The distance should

be large enough to reduce mechanical and electrical noise below

the ambient level. The huts should be portable so that they can be

easily moved in case of ice breakup . Two buildings are required on ice

with electrical power (lO—kW generator).

A total of five or six buildings are required for temporary remote

camps , with a 6—kW diesel generator to power equipment at each camp .

The overall power requirements will be largely determined by t he
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type of transducers insta lled aboard the icebreaker , but 15 kW appears

= to be sufficient.

5.3. Communications

Portable radios are required for communication between the ship and any

ice station several kilometers distant. Longer—range systems are re-

quired for communications to remote camps up to 1000 km away.

5.4. Fli ght Support

Helicopters are required to plant recording stations on the pack away

from the icebreaker, as well as to service the local hydroacoustics camp

and remote camps for short—term experiments. The short—range propagation

and reverberation experiments would be made by Twin Otter or hel copter.

The distant camp for the experiments on fluctuations and array perform-

ance will require Twin Otter support.

5.5. Surface Transportation

A snowmobile and sled are required to provide local transportation .

5.6. Total Volume of Equipment and Items Requiring Special Handling

5.6.1. Total volume of equipment

The weight estimate is about 40,000 lb.

5.6.2. Items requiring special handling

Explosives

Acoustic projectors

Remote buoys

Acoustic measuring equipment

Computers

6. COST ESTIMATES

Budget for 2 years

Salaries (Including Overhead , Fringe Benefits , and Ice Bonus)

2 Senior Investigators (full time) $ 180,000
2 Senior Investigators (half time) 90,000
3 Technicians on icebreaker (full time)

rotated at 4—month intervals 240,000
4 persons for temporary camps, 4 months 70,000 

_ .~~~~ , _ _ ____~~~~~ _~ 1_ _ _ _ , _ ~~~_
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Trave l

40 roundtrips from United States 60,000

Shipp ing 40 ,000

Equ ipment

20 ambient noise buoys inc luding development and
installation 200,000

10 propagation buoys , including development and
installation 175 ,000

Outfitting icebreaker and local camp with hydr o—
phones , explosives , proj ectors , reverbera-
tion , ambient noise and propagation measuring
equipment , high—frequency echo sounders ,
acoust ic  but tom reference’ , and cOmj)tit er s 400,0(M)

Equipment at temporary camps i tm c 1 ud i ng slcm 11 ow—
water experiment 150 ,000

Unmanned underwater research submersible 250,0(10

Miscellaneous supplies 50,000

Data Processing

Computer modeling and publication 300,000

Navy P—3 aircraft with laser profiling sys tem

8 two—week intervals l2 0 ,00()

TOTAL FOR 2 YEARS $ 2 ,325 ,000
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HEAT AND MASS BALANC E OF THE ICE COVER
1. BAC KGROUND

Sea i . - t ’ i n t , , - r . i u _  t s  the ’ r m o d y n a m l ’ t I l y w i t ~i bo th  the  atmospher e ’  and the

u n d e r l y i n g  ocean. The high a l b e d o  of t h e  ~~~~ t’ u _ o v e r  and i t s  in s u l a t i o n

of the ti e - c-an f rom th e -  . i t r u o sp lie - ret g lv ~- rj s~- to ,t ci lm ;i t t- s ’vc- r t h u _  p o l a r

oceans t ha t  is more c h a ra c te r i s t  Ic 5 t  t he- s s ’ i l t inent~il ice t-~ s than

of a marine environment. The presence or abs-ic-nec’ 01 se-a i c  in the-

polar ocean s is clearly a primary t :tvto r in t h e ’ overall heat exchange

at high latitudes and thus may af fect global climate . S

Wh ile sea ice accounts (in ar e -al ~-x t cnt) for approxim ate-I y two

thirds of the earth ’s ice cover , it is only a thin veneer that c-in

undergo large’ changes in area in response to rt-lat ively small change -s

in therma l forcing . Because of the inherent inst.- i h i li tv of sc-a i c e ,

variations in its areal extent have l rcquentlv hee’ii ment ioned si’; a

possible Source- of climatic change- (e.g., Brooks , 1949; Ewing and Donn ,

1956 , 1958; Budyko , 1966 , 1972; F l e tc h e r , 1969). It is not V e t  t ’ it’ar

how sensit lye hemispheric c ircu l at  ion pat t em s  are to h4- state- of ~~~

polar ice ’ pack; howeve r , it is generall y accepted tha t sea ICe ’ is an

important component in the climatic system because it has the potential

to amplif y small changes in climate - throug h a var i ety of positive feed-

back mechanisms (Kellogg, 1975). For this reason , simple trcat:s e’nts

of sea ice have been incorporated into a number of general cir ulation

and climate models (Bryan , 1969; Selle rs , 1969 , 1973; Williams et

1974; Cates , 1975).

In the past , calculations involving the ice’ pack have’ generall y

assumed it to be horizontally homogeneous and several met ers in thick-

ness. The real Ice pack , however , is a complex mixture of many differe nt

th icknesses of ice , all temporarily coexisting under similar therma l

forcing. A typical mesoscale region in the Arctic -) e’ .l n t i n  be expected

to contaIn open water , young Ice tens of centimeters thick , perennial

ice a few me ters thick, and deformed pressure Ice up to tens of meters
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thick. As a result  of thermodynamic  mass change s at  th~’ top and bot tom

of the Ice ’ and dynami c ’ motions that rearrange the existing ice to f o rm

leads arid pressure ridges , the are’,i cove-red by any particular thickness

catego ry undergoes continual change . Re -cause’ many properti es of se-a

ice (e.g., surface temperature , tensile st  r~~ng th , g rowth  r a t e s , albedo ,

ice salinity, desalination rate) are’ st rongly dependent on i t s  thickness ,

some knowledge of the way in which icc’ thickness is distributed within

a particular area must be available before’ we can understand the behavior

and effects of the ice pack on a regional sc-a l e’ . Of primary concern is

the amount of open water and thin ice (<1 m) that not onl y determines

mesoscale mechanical properties of t h e ice ’ pack but also p l ay s a major

role in regional rates of heat exchange between atmosphere and ocean

(Badgley, 1966; Maykut , in press).

While little is known regarding spatial or temporal vat iations in

the distribution of ice thickness (C) in the Arctic Ocean , there is a

small amount of submarine sonar data (LeShack - a 1 ., 1971; Swithinbank ,

1972) from which we can infer the general form of C in the region. Un-

fortunately, the subma r ine data lack sufficient resolution for reliable

estimates of C in the 0—1 m range. Aircraft and satellites can provide

some information on the amount of open water and thin ice, but these

data will , at best , be sporadic because of cloud cover. It is pos-

sible , however, given the velocity field of the ice and the energy

fluxes at its upper and lower boundaries, to calculate changes in C

using the theoretical model described by Thorndike and Maykut (1973)

and Thorndike et czl . (1975). Such calculations will be pet-formed

with AIDJEX data set to provide detailed information on C in the south-

ern part of the Pacific Cyre. Although there are few data presently

available from which to draw a firm comparison , we expect that thick—

ness distribution s in the Transpolar Drift Stream may be significantly

different than in the Pacific Gyre . If , for example, the velocity

field of the ice in the Transpolar Drift Stream proves to be more di-

vergen t than the flow in the central Arc tic , heat exchange between the
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atmosphere and ocean would be correspond ingly more vigorous.

Dur ing the polar summer , the regional heat and mass balance’ is

dominated by the interaction of shortwave radiation with the ice cover.

At the height of the melt season , the ice pack is composed of three

rad iatively different components: (1) bare ice with an albedo of

0.55—0.70; (Ii) shallow melt ponds with an albedo of 0.20—0.45, which

can cover up to 50 percent of the ice; and (iii) leads with an albedo

of roughly 0.08. The composite albedo appears to be about 0.45

(Langleben , 1968). Relative changes in the amoun t of area covered by

eac h of these three categories result in continuous changes in large—

scale albedo averages throughout the summer. Theoretical calculations

(Maykut and lJntersteiner , 1971) indicate that an ice pack with a

uniform summer albedo of 0.45 would melt away within a few years under

present conditions . The reason for the apparent health of the arctic

ice pack is that the pond—covered areas selectively absorb much of

the shortwave energy and redistribute it in ways that have only a small

effect on overall ice thickness.

During the summer, there is also a drastic increase in the amount

of open water occurring within the ice pack——estimates of the area

covered by leads range up to 10 percent in the central pack , and some-

what larger percentages ~‘an be expected near the margins of the pack.

Large amounts of shortwave radiation enter the ocean throug h these lead s,

causing significant heating of the upper 20 m of the ocean ; the extreme-

ly stable stratification of the upper ocean prevents rapid downward

mixing of the heat , which , during the subsequent cooling cycle , re tard s

the accretion of new ice.

The thermodynamic equilibrium state of the ice pack is extremely

sensitive to the amount of heat reaching the underside of the ice from

the ocean . For example , if the oceanic heat flux in the central Arctic

were increased by a factor of 4, the iu_, e pack would vanish within a few

years (Maykut and Untersteiner , 1971). In the past , the ocean ic hea t

flux was assumed to be the result of heat losses from the Atlantic 
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layir; however , recent evidence suggests that considerable amounts of

energy are also available f rom shortwave radiation absorbed in the

ocean . The total amount of energy available from these two sources in

the Pacific ’ Cyre appears to be too large to be consistent with the ob—

served thickness of multiyear ice in the region . It, appears probable

that either e’st [mates of the heat input from the Atlantic layer are too

l a rge  or that the  shor twave  energy is b e i n g  d i s s i p a t e d  by mec han isms

tha t  have not , been c a r e f u l l y  examined . Une’ s - ; sie ’hi ~ OS5 ii) l i t  y i s  t hat

pressure ridge keels act  as se lec t ive’  s i n k s  f o r  heat in the  mixed lay-

er——pre l iminary observations during the AIDJ E X e x p e r i m e n t  i n d i c a t e

that large keels can have ablation rates five to ei ght t imes as large

as on the bottom of undeformed ice . Heat losses from the  A t l a n t i c

layer in the Eurasian Basin are much larger than in the central Arctic ,

bu~ again we do not know how significan t these losses are relative to

absorbed shortwave radiation nor how the overall mass balance responds

to these differences.

2. PURPOSE
The p r i m a r y  goal of t h i s  p a r t  of the program is to  d e t e r m in e  the  heat

and mass balance of the ice :over in the Eurasian Basin . Observations

would be carried out over a range of ice thicknesses and the results

combined with strain data derived from positions of the large—scale

data buoy array (see Chapter 13) to make theoretical calculations ot t h e ’

ice thickness distribution within the reg ion throughout the period of

the drift. Predicted thickness distributions would be compared with

satell ite and airborne imagery when available (see Chapter 15). The

large—scale response of the ice pack to app lied stresses is dependent

principally on the amount of open water and thin ice it contains; hence ,

attempts to model the dynam ic behavior of th~ ice pack in the Eurasian

Basin will require information on the lower end of the thickness dis—

tribution. Energy flux data taken at the  upper  s u r f a c e  of t he ”  i c e - , whe n

combined with simple models of heat transport through the ice , can be

used to predict rates of energy exchange over ~~~ thickness of ice.

Integrating these values with the ic -I - thickness distribution then yields 

~
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regional estimates of heat exchange between the ice and atmospheric

boundary layer. Improved knowledge of air—sea interaction in the

reg ion will ultimately benefit general circulation and climate models

by improved methods of parameterizing the boundary layer over ice—covered

seas.

An important part of the program will be to monitor mass changes at

the bottom of the ice and heat conduction within the ice, allowing us

to estimate the oceanic heat flux as a residual. Occasional direct

measurements of the latter may also be possible (see Chapter 8). During

the win ter and spring , the oceanic heat flux will reflect the rate at

which the Atlantic layer is losing heat; during the summer and fall ,

the oceanic heat flux should contain a large contribution from the

absorbed shortwave radiation , and it will be necessary to use inf or—

mation on the thickness distribution to separate the two components.

In order to estimate the total amount of heat that the mixed layer

supplies to the ice , measurements of ablation on pressure ridge keels

will also have to be made. Comparative data on keel ablation and

ablat ion/ accret ion on the underside of undeformed ice will also provide

a basis for estimating the l i fet ime of pressure ridges , a v i ta l  step

in achieving an understanding of the total mass balance of the Arc tic

Basin .

The accretion and energy flux data will allow us to calculate

growth rates for all thicknesses of ice , and , since the rate at which

salt is initially rejected by sea ice is related to the rate at which

it grows , it should then be possible to estimate salt rejection as a

func t i on  of ice thickness. A few salinity measurements beneath rapidly

growing young ice should be made to verify these calculations . Taking

the salt rejection values and again integrating over the thickness

d i s t r i b u t i o n  will  yield the total salt input to the mixed layer .

During the summer , when f i r s t — y e a r  ice loses much of its salt through

flushing and large amounts of freshwater runoff enter the ocean, the

situation becomes complex , and estimates of salinity changes will be
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extremely crude. The calculations of oceanic heat flux and salt input

provid e boundary cond itions at the ocean surface and wou ld be useful in

interpreting results from the physical oceanography program.

The optical propert ies of sea ice influence not only reflect ed

shortwave rad iation but also the amount of energy transmitted to the

ocean . In the spring and fall , theinteraction between solar radiation

and the ice cover is relatively simple , with only snow—free young ice

exhibiting significantly different optical properties; in contrast ,

the rapidly changing amounts of snow , bare ice , melt ponds , and open

water during the melt season give rise to large spatial and temporal

variations in the shortwave balance . To determine the effect of these

variations on the reg ional hea t exchange , period ic surveys of albedos

and extinction coefficients in all types of ice should be made through-

out the summer. Melt—pond coverage and ice structure should also be

monitored . It is hoped that changes in the optical properties of the

ice can be related to changes in its structure caused by internal

melting. Because spectral albedos and the spectra l composition of light

transmitted to the ocean beneath bare ice, melt ponds , and lead s are

signif ican tly d i f f e r e n t , spec t rophotometer  data would be used to supple-

ment the bulk radiation measurements. Such data should be particularly

useful for productivity calculations in the biology and biochemistry

program, where the photosynthetic organisms are sensitive to the wave-

length of the available light , and in interpreting data from different

wavelength bands in satellite imagery.

3. OBSERVATIONAL PROGRAM
The heat—balance studies need data on radiat ive , turbulent , and con—

ductive heat fluxes. Rad iative and turbulent heat fluxes in the at-

mosphere would be measured over a smooth floe several hundred meters

from the ship as a part of the troposphere program (see Chapter 12).

In addit ion , two por table  meteorolog ical s ta t ions, capable of una ttended

observations of radiation , temperature, wind speed , wind direction, and

other desired data (e.g., water or ice temperatures) would be used for

-‘ - — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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investigations of heat exchange over different types of ice surfaces

such as melt ponds and leads. Radiation measurements would include

incoming and reflected solar radiation, as weLL as net long—wave

radiation. Turbulent heat fluxes would be determined by the bu lk

aerodynamic and the spectral method (see Chapter 12). The in~;trumen—

tation would be transported by helicopter or sled to nearby sites and

would be capable of unattended operation for one to two weeks. Data

would be recorded on magnetic tape (cassette), which could be read and

init ially processed on the  min icompu te r  used for the  t ropospher ic

program.

The mass balance program would monitor changes at both the upper

and lower boundaries of the ice. An array of about 20 ablation/ac-

cumulation stakes would be set out near the ship on level multiyear ice .

Snow depth would be measured every two to three days; during the melt

season or during periods of snowfal l , readings would be taken daily.

Two sites would be established in undefommed ice to measure accretion!

ablation on the underside of the ice: one site in 1—2 m first—year ice,

the second in 3—4 m multiyear ice. At each site , three to five

elec tric thickness gauges would be implanted in the ice and ice thick—

ness measured at two— to three—day intervals. Snow depth or surface

ablation must also be measured in conjunction with the ice thickness .

Each thickness site would also have a string of approximately 20

thermocouples embedded through the ice to measure temperature gradients——

temperatures would be measured at the same time as the ice thickness.

If the ice salinity is known, conductive heat fluxes can then be

calculated . Six simultaneous salinity profiles would be taken near

each site in late fall, midwinter , and late spring to establish base-

line salinity values and to define seasonal changes. Since the con-

duc tive heat flux is nearly zero during the summer , it is not critical

that salinity be measured then . Two similar sites would also be

established across multiyear pressure ridge keels——one should be of

intermediate size (8—12 m) and the other large (15—20 m). Five to

~
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eight thickness gauges would be inst alled in a line perp endicular to

the axis of each ridge , with a spacing that will depend on the geometry

of the individual keel. Observation frequency would be on the order of

once every three to four weeks; if ablation rates exceed about 30

cm/month , observations would be taken more frequently. During t he

summer, read ings should be taken every two to three weeks.

The extremely large rates of heat loss and ice production that oc-

cur in refreezing leads give them a potential importance in the region-

al heat and mass balance that is out of proportion to the area they

cover. Even in the Pacific Gyre , studies in refreezing lead s have been

infrequent , and the response to different meteorological conditions is

imprecisely known. Observations of ice growth , temperature , and

albedo in refreezing leads, together with other radiation and meteor-

ological data , can be used to infer turbulent heat losses and thus give

a reasonably good p i c tu r e  of the to t a l  heat budget .  Special lead

studies would be carried out by use of the portable observing system

under at least three differen t sets of meteorological conditions that

can best be classified by the average air temperature: (i) —5 to —10°C,

(ii) —15 to —20 C, and (iii) below —25 C. Ice thickness , albedos, net

radiation, air temperatures , wind speeds, and surface temperatures

would be observed for a period of two weeks, or until the ice reaches

a thickness of 60—80 cm. Some vertical temperature profiles and

thickness profiles across leads of different wid ths would also be

taken. Crowth rates in young ice are crucial to the thickness dis-

tribu t ion calculations , and these measurements would be used to verify

and calibrate theoretical models of young ice growth.

Assuming that the thickness Sites in undeformed ice will be

relatively close to the ship, most of the above program can be carried

out by one person. Initial deployment of instrumentation and thickness

measurements in the pressure ridges will require the help of an addition—

al person . For reasons of safety, a second person should be available

to assist in the early stages of the thin—ice measurements. The 
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additional help required should not total more than about five days

per month depending on the location of the thickness sites , and it is

expected that the necessary assistance can be recruited from personnel

in the troposphere program .

During the summer, a special effor t would be made to investigate

the optical properties of the ice cover and the temporal changes that

occur as a result of the interaction of shortwave radiation with the

ice. Observations would be continued throughout the summer and would

include : (i) albedos of various surface types , (ii) light transmission

through the ice, (iii) vertical profiles of attenuation coefficients

within the ice , (iv) brine volume profiles , (v) melt—pond coverage ,

(vi) ablation in selected melt ponds , (vii) under—ice me l t—pond surveys ,

and (viii) lateral ablation of lead edges. Bulk radiation measurements

would be taken with shortwave radiometers above the ice and photod iodes

installed beneath and within the ice. Spectral albedos and trans-

mission measurements would be carried out using a submersible spectro—

photometer , while measurements within the ice will be made with a pro-

filing spectrophotometer. Two people will be needed to carry out the

summer heat and mass balance program.

Because calculations of large—scale totals and averages require

both the buoy and environmental data as well as the use of theoretical

models of ice growth and thickness distribution, regional values of

mass production , heat and salt input to the ocean , and heat exchange

in the atmospheric boundary layer cannot be made available in real

time. It is expected that data will be processed in month—long blocks

and that monthly data reports will be issued with a lag of not more than

three to four months . Weathe r data , incident radiation fluxes, ice

growth rates, albedos, and light l evels beneath the ice would be made

available to personnel from other interested programs .

4. REMOTE SENSING

Although most remote sensir’g techniques provide relatively crude thick-

ness resolution, it is, nevertheless, desirable to have independen t data



138

with w h i c h  we can periodically compare’ the t h ie ’or e ’t  ical  c a l c u l a t  ions  of

region a l Ie ’ e1 t h i c k n e s s  d i s t r i b u t i o n . ERTS i ma g e - r y ,  t o g e t h e r  w i t h  air-

borne visua l and infrared photography , would provide important infor—

mation on the area c overed by thin ice - and open water. Assuming the

unavailability of submarine sonar data , the only practical way to ob-

tain estimates on the amount and thickness of deformed ice is from

laser altime ter profiles. Personnel and equipment from the heat and

mass balance’ program would be available to provide ground—truth thick-

ness measurements near the ship. ‘I’emperature data from the data buoys

would also be usefu l in estimating spatial variations in growth rates

within the reg ion.

5. LOGISTICS

Approximately one month after freeze—in of the ship, a senior scientist

and f i e l d  observe r would a r r ive . The senior sc ient is t  would remain fo r

two to fou r  weeks to lay out the exper imen t  and assist in ins t rument

deployment. Field personnel would be rotated every four months; a two—

week overlap between arriving and departing personnel would be desirable.

During the mid—May ro t a t ion , two i nves t i ga to r s  would a r r i v e  to  ca r ry

out the summer program and would remain until mid—September .

The only ins ta l la t ions  needed wi l l  be a small  ins t rumen t hu t  on t he

ice and shop space on the ship. All power can be obtained from bat-

teries or a portable generator. If there are no pressure ridges or

leads near the ship , short—range helicopter support will be needed

about once a month during the winter and every one to two weeks during

the summer. It is expected that these trips will not he more than

10 km from the ship.

6. COST ESTIMATES

6.1. Personnel $200,000

6.2. Equipment 50,000

6.3.  Supplies 50 , 000

6.4. Travel and shipping 20,000

6.5. Computer services 30,000

TOTAL FOR 2 YEARS $350 ,000 
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TROPO SPHERE
1. BACKGRO UND

Transfe rs  of energy and mass w i t h i n  and across t h e  boundar ies  of the

arctic troposphere are of part icular importanc e to the’ g en e r a l  c i r c i l —

lation and thermodynamics of tli~’ atmosp here- , pack icc’ , and 0cc-an.

Indeed , the Arctic plays an important part in the global atmospheric

circulation , acting as a sink for heat transferred northward from the

tropics.

The Nansen Drift Station provides a special opportun ity to examine .

in regions of the Arctic that have been sparsely invest igated , the

magnitude and variability of surface transfers of heat , momentum , and

water vapor and their relation to characteristics of the troposphere.

Character is t ics  to be invest igated are the s t r u c t u r e  of the p l a n e t a r y

boundary layer (PBL), the structure of stratus clouds and fog , and the

optical properties of haze layers.  It w i l l  be possible to investiga te

temporal variability for periods ranging from a few hours to a season ,

as well as variability caused by the changing characteristics of the

surface , initially young ice that then ages and deforms as the drift

proceeds.

The lower boundary of the arctic troposphere , when viewed on

sufficiently small scales , is exceed ingly comp lex , as has been pointed

out in Chapter 11 where the emphasis was on investigation of the

effects of local features of the boundary , such as leads and r

on the heat and mass balance of the ice. In th is  chapter we view the

average e f f e c t s  of the lower boundary on the troposphere , i . e . ,  we

consider the relation between the s ta t i s t i cal character is t ics  of the

surface, such as mean—square slope and distribution function of sur-

face temperature , to processes in the troposphere . The two approaches

are intended to be complementary.
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1 . 1 .  N e a r - S u r f a c e  F l u x e s

The determination of mean surfac:e transfers ol momentum , heat , and

water vapor is made easier by the  existence of a layer above a homogene-

ous s u r f a c e  in which  t h e  1~ au s fc i  s ar .-~ a p p r o x i m a t e l y  in dep ondent  of

height . This layer , called the a tmospher ic  s u rf a ce  layer , is t y p i c a l l y

about 30 m deep. This approx imat ion  of he igh t  independence is not

valid at heights that are of the same order or less than scales

characterizing the surface (e.g., heights of roughness e lements).

Our u n d e r s t a n d i n g  oI processes within the surface laye’r is adequate

for many applications. Businger (1973) reviews relationships between

mean ve r t i ca l grad ien ts  and ve r t i c a l  t r a n s f e r s  of momentum and scalar

proper t ies  for  steady f low over homogeneous surfaces. Wyngaard (1973)

and Busch (1973) review observations of t urbulence spectra and other

statistics that are well represented by un iversal forms when the’ vari-

ables are suitably nondimensionalized. The f lux—gradient relat ions ,

de termined primarily f r om observa tions over land , have been used in

the Arctic , either directly or in integrated form , to estimate surface

stress and heat and mass exchange from observations in the surface

layer (see e.g., Badgley , 1966). Eddy—correlation measurements of

momentum fluxes have been made in the Arctic by Banke and Smith (1973).

It is also possible to estimate fluxes of momentum , heat , and wa te r

vapor f rom measurements of spectra of velocity, temperature , and

humidity in the —5/3 range (e.g., Hicks and Dyer , 1972). This approach

together with the eddy correlation and flux—gradient methods is used

for estimates of wind stress in AIDJEX (Paulson and Bell , 1975).

There are complications due to the lack of horizontal homogeneity

of the arctic surface . Arya (1973) suggests that the stress on the ice

surface due to form drag on the pressure ridges may be as large as the

stress on intervening areas of smooth ice. Because measurements are

usually made over relatively smooth floes, momentum fluxes determined

from these measurements may be systematicall y smal ler  than an ar eal

average . The contribution of form drag on the ridges to the total

stress Is being investigated during AIDJEX by S. Smith and E. Banke of

~ 
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there’ are also comp I Ic at ions due ’ to I he~ pr esence ’ 01  ots- n I c- ;tcl s

that have surface temperature’s e- much as warmer t i aii t lit- sur-

rounding pack ice and are estima ted to have heat f l u x e s  t w i t  or d er s  o~

magnitude larger than over multive ’ar pack ice ’ In winter (Badgl*-v , 1966).

H e a t — t r a n s f e r  measurements  over f l o e s  may not i n c  lude t ile’ c o t  i r e  con-

t r i b u t i o n s  of open leads , because heat t r a n s fe r r e d  from a lead may be

p a r t i a l l y  t ransfer red  th rough  the surt ,ice lave’r in the  v i c i n i t y  of the

lead . Measurements of the type proposed in the previous c h a p t e r  are

required to complemen t measurements  over f loes .

1 . 2 .  P l a n e t a r y  Bounda ry  Layer

The planetary boundary layer (PBL) is defined as the layer adjacent to

the earth’s surface in which the effects of convection or Iri ct ion are

s ign i f i can t . The depth  of the PBL f o r  n e u t r a l l y  and u n s t a b l y  s t ra t i -

f ied flow is on the order of 1 km bu t  may be much less fo r  - s t a b l e

stratification.

Our general understanding of t h e  entire PBL is less satisfactory

~t han for  the surface  layer. The PBL has been subjected to scale

analyses (reviewed by Tenneke s, 1973).  However , there is substant ia l

disagreement in the values of the d imensionless constants that must be

determined from observations, and there is uncertainty in the scale

analysis itself , pa r t i cu la r ly  for  s t r a t i f i e d  f low.  Brown (1970) has

developed a secondary—flow model of the PEL based on the instability of

horizontal  vortices ali gned pa ra l l e l  to the mean wind . Wyngaard et

(1974) have modeled the neut ra l  and uns t ab ly  u n s t r a t i f i e d  PBL by a

closure scheme in which second—order turbulence moments are retained

in the dynamical equat ions .  The second—order  moments are re la ted  to

th i rd—orde r  moments w i t h  the i n t r o d u c t i o n  of many cons tants  t h a t  are

assumed universal but many of which are not well determined . Deardorff

(1973) has modeled the PBL by a three—d imensional integration of the

primitive equations on a grid with the subgrid scale effects approx i-

mated by flux—grad ient relat ions. His results are similar to those of

--~~-- —----—- - -~~~- - 
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Wyng aard ~~~~ - 1~
’
. (1974).

There is a lack of observations for verification of the models ,

par ticularly for stably stratified flow . Perhaps the best observations

taken over land are those from Wangara , Australia (Clarke , 1970). Ob—

servat ions of the arctic PBL were begun during AIDJEX Pilot Experiment

(Brown , l974a , 1974b) and have con t inued  d u r i n g  the  Main Experiment

(Paul son and Bell , 1975). These observations have been primarily

directed towa rd v a l i d a t i n g  mode l s  lot the  d e t e r m i n a t i o n  of s u r f a c e

stress , from observations of the surface pressure gradients , and the

height  of t he  PBL . Observat ions of transfers of heat and water vapor

have been of lower priority or have been entirely neglected.

One avenue of determination of surface stress is the evaluation of

the momentum integral through the PBL after Brown (1974a). This method

suppose s that the surface stress is dependen t on the boundary—layer

heights as measured by an acoustic sounder , the geostrophic wind , and

the  su r f ace  wind . App l i ca t ions  of this method in AIDJEX yield stress

values in good agreement w i th  those predic ted  by Arya ( 1 9 7 3 ) ,  which

are abou t twice the stress obtained over smooth ice via p r o f i l e  anal ys i s .

Integral measures  of the PBL are desi rable  in the model ing process be-

cause they are measures over a horizontal distance of some 100—300

PBL heights (Shir, 1972; Taylor , 1971). The integral method s need

further d eve2 opment and observational verification .

The Arctic has severa l characteristics that make it a good p lace

for experimental investigations , both to understand the peculiarities

of the arctic PBL and to improve our fundamental understanding of the

physics of the PBL . The surface of the arctic ice , unlike the Antarctic

and most land surfaces , has negli gible mean slope , which eliminates

gravfty—driven mean flows (katahatic winds) as a comp lication of the

d ynamics .  Diurna l v a r i a t i o n s  due to solar heating are entirel y absent

during the polar nigh t and are moderated by low sun angles otherwise.

The Coriolis force approaches its maximum in the Arctic , and synoptic-

scale d i s t u r b a n c e s  are infrequent compared with those at midlatitudes.

~
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‘l’hc’ . \ r - t i e - i s  p a r t  i i - u l a r l v  good pla ce ’ t o  ex a m i n e  t h e  phyics (lie’

s t ab l y st r a t  i f l ed  PBL because of c-ant inuous s t a b l e  s t ru t  i f  I r a t  i on  induced

by r a d i a t i v e  c’oo l ing  dur ing  t h e  p o l a r  n i g h t .

1 .3 .  S t r a t u s  Cl ouds  and Fog

A s t r i k i n g  f e a t u r e  of the c l imate  of the Arctic is the persistence

over  t h e  polar oceans, particularly in summer, of extensive layers of

stratiform cloud , which include stratus and stratocumulus cloud s, and

se’v~~r,l l t ype s at fog. The structure of these clouds is related to the

large—scale positive transports of heat and moisture into the Arctic

Basin (Oort and Rasmussen , 1971; Newell (‘t al., 1972) , to the surface

ex changes of hea t and wa ter vapor , and to the optical and therma l

p r o p e r t i e s  of the liquid water drops or ice crystals. Since the clouds

interact with the streams of solar and terrestrial radiation , they

a f f e c t  the  thermal  and dynami cal structure of the PBL and the heat

balance at the surface of the pack ice.

Stratus clouds in the arctic boundary layer are tenuous , with an

average thickness of about 350—500 m , wh ile surface fogs extend to

approximately 150 m. Stratiform clouds in the boundary layer and within

the lower troposphere f r e q u e n t l y  are observed to be laminated , or com—

pr ised of separate well—defined cloud strata (Jayaweera and Ohtake ,

1973).  The frequency of occurence of low clouds is h i g h l y  seasonal ,

increasing from April to June to a bro-id maximum and decreasing again

from October to December (Huschke, 1969 , Vowinckel and Orvig, 1970).

The macrophysics of fog or a stratus layer can be examined with the

aid of a suitable balance equat ion and appropr ia te  boundary terms . The

time rate of change of the moist entropy of an air mass can be repre-

sented by the time rate of change of the pseudo—equivalent potent ial

temperature , 0E’ given by

30 30 -
E = — V  . VO —w E — a ( w  ~~) — E

3z 3z E C~, ra

Here V
h represents the hor izonta l  wind vector , w is the ver t ica l  corn—
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ponent of the  wind , 0rad is the volume r a t e  of rad ia t ive  hea t i ng , and

(w ’ O ’ F ) is the v e r t i c a l  tu rbu len t  f l u x  of pseudo—equivalent potential

t empera ture .

The radiative term grad includes the absorption and emission of

long—wave radiation and the absorption and scattering of solar radia-

tion by the gaseous absorbers and the cloud particles. The rad iative

properties of tuidlatitude stratus clouds have been measured by Neibur ger

(1949) and Paltridge (1974). Only a single set of measurements of

the solar radiative properties of arctic stratus clouds has appeared in

the literature (Koptev and Voskresenskii, 1962), although more results

will be forthcoming from the recent AIDJEX Arctic Stratus Radiat ion

Experiments. The measurements of Koptev and Voskresenskii indicate

mean absorpances of 4—7 percent in typical arctic stratus and strato-

cumulus clouds. For clouds with thicknesses of up to 500 m , those

situated over water had an average albedo of 32—35 percent , while

those over tee had a mean albedo of 60—70 percent. It has been sug-

gested (Marshunova , 1961; Herman , 1975) that the emissivity of arctic

s t ra tus  clouds may deviate f rom u n i t y  because of t he i r  low liquid  water

con ten t  and cold t empera tu res .  This f ea tu re  complicates the t reatment

of arctic stratus clouds in theoretical radiation calculations.

A method fo r  ca lcu la t ing  solar rad ia t ion  in arctic stratus clouds

has been prepared by Wiscombe (1975) ,  and a simplif ied techn ique f or

calculating both shortwave and long—wave radiation in arctic stratus

has been presented by Herman (1975). Both methods need to be tested

against measurements taken in an arctic atmosphere.

Cloud liquid water  contents  and several other  microphysical

p roper t i es  inc lud ing drop size distributions , drop let densities , and

ice crystal concentrations have been measured in arctic stratus cloud s

by Dergach et a’ . (1960) ,  Koptev  and Voskresenski i  (1962) ,  Jayaweera

and Ohtake (1973), and Catham and Larson (1974). These properties are

summarized in Table 12.1. Combined measurements of cloud radiative

properties and cloud micropi-tysical properties have not been done in the 

— -~~~~— —~~~~~~~~~~ -- - -— .—~~~~~~~ - - - _
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A r c t i c .

The profiles of fluxes of equivalent potential temperature (w’e ’F)

and virtual potential temperature 
~~~~~~ 

are not well—known quanti-

ties in arctic stratus conditions , alth ough mean sensible heat

fluxes have been inferred in a number of investigations (cf. Fletche r,

1965 , p. 75). Most of the investigators quoted therein agree that

t h e  f l u x  of wa t e’ r vapor is  pos i t  ly e ’  (upward ) d u r i n g  the  summer season

but is small and of uncertain sign during the rest of the year. The

sensible f l u x  is large and negative (downward) during the late fall ,

winter , and early spring and becomes p o s i t i v e  d u r i n g  the  la te  spring .

There is some disagreement as to the magnitude and sign of the sensible

heat flux dur ing the  summer and e a r l y  f a l l , but  the results of most

inv e s t i g a t o r s  suggest tha t  i t  is upward .

Temperature profiles in the arctic boundary layer have been

measured with kites and tethered balloons (Sverdrup, 1933), with

rad iosondes (Belmont , 1958), and with dropsondes (Poage , 1954). These

data indicated tha t the most frequently occurring structure is a mixed

layer 200—250 m in depth capped by an inversion of 2—5°C. They un-

fortunately did not relate the structure in the temperature profiles to

the structure of stratus cloud or fog layers.

The term associated with  large—scale subsidence (w30
F
/
~
z) is

important in some stratus cloud problems (Lilly, 1968), but its

effect remains to be assessed in the Arctic. California marine stratus

frequently forms in regions of intense subsidence associated with the

descending branch of the tropical Hadley cell. However , mean vert ical

velocity f i e lds  in the Arctic are so small tha t  even the i r  d i rec t ion

appears to be in doubt, part icularly during the summer season (Newell

- t  ‘zZ., 1972, p. 57).

Herman (1975) treats arctic stratus as a problem in air—mass

modification and suggests that stratus clouds form in continental polar

air as it flows over the pack ice, with condensation being initiated by

_ _ _
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long—w av e ’  amiss  ion to space ’ and ti le ’  to rl)u I c-l i t t raii s I er of  l i e - i t  t o  t h e

colder  i c e - s u r f a c e.  Herman p r e d i c t s  tha t c ondensat ion shou ld  o c c u r  in

the a i r  iiiass in about  one day and Pe r s i s t  because of the absence of ef-

fective dissipative mechanisms . Development of a laminated cloud

s t r u c t u r e  is predic ted  b y a greenhouse mee’h an i sm , whereby  the  top and

and bottom of the cloudy boundary layer are cooled radiatively while

the i n t e r i o r  is heated so s t r o n g l y t h a t  t h e’ evaporation of cloud

particles occurs and a clear int e-r stice is generated.

The presence of a rad iatively active cloud cover can substantially

a l t e r  the  turbulent stL’ucLure of a boundary layer as d e m o n s t r a t e d  in the

models of Lill y (1968) and Herman (1975). Both models suggest that the

subcloud regions should be dr iven by a downward virtual heat flw . that

is roughl y balanced by an upward latent heat flux . These’ asser~~ions

need to he compared with observations.

J~~I4~ Haze

A puzzling and intriguing aspect of arctic climatology is the hit ,h in-

cidence of “arc tic haze ,” diffuse bands of tropospheric aerosols th ai

occur northward of about 700 and at altitudes of up to 9000 m . \ert ic al

visibility is negligibly affected by a layer of arctic haze; hori zontai

and slant visibility, however , may be as little as 3—8 km through such

a layer (Mitchell , 1956) . Although the exis tence of a r c t i c  haze has

been recognized for more than 20 year s, it has received only occas ional

a t t en t ion .

Recent radiation measurements conducted by the Geophysical institute

of the Un iversity of Alaska (Holmgren et al., 1974; Shaw , 1975; Weller

et al., 1975) revealed unexpectedly high values of turbidity in the arctic

atmosphere , again focusing attention on arctic haze . High turhidities

were measured in 1972 during the AIDJEX Pilot Study and in 1914 during

the AIDJEX Lead Experiment. Numerous flights over the pack ice north

and northwest of Barrow showed that much of the turbidity orig inated

with distinct haze layers at altitudes of a few kilometers . When viewed

edge—on , these layers appeared brownish—yellow in color , qualitative l y

similar to the more familiar urban 1-taze layers. Occasionall y the

— — -—- -- _~~~~~~~~~~ - -—~~~~~~~~~ ‘~~
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liar  izon t a I v i s i b i l i t y  t h r o u g h  these  I aye’ rs was reduced to only a I ew

k i l o m e t e r s . The similarities hetweco these haze layers and Mitch e ll ’s

o b s e r v a t i o n s  of arc t ic haze are s t r i k i n g — — t h e r e  is little doubt tha t

they  are the same phenomen on .

The presence of haze layers over the Arctic can cause either a

net h e a t i n g  or cooling of the  e a r t h — a t m o s p h e r e  sys tem ( C h y l e k  and

Coakley ,  1 9 7 5 ) .  The s ign of t h e ’ temperature change and its magnitude

depend on the aerosol properties (size distribution , composit l o u , etc.)

and on t he’ albedo of the underlying surface.

The observed haze layers may re ’su lt  f rom n a t u r a l  processes such as

ce)n de ’n sat io f l  of gases at low tempera t ures; i t  is a l so  p o s s i b l e , however ,

tha t t he  a r c t i c  haze may o r i g i n a te  I ron i n d u s t r i a l  source ’s and t h u s  Man

m a y cause - an inadvertent change in arctic climate. The latter possibility

may have’ serious consequences and deserves further study.

The Geophysical Institute of the University of Alaska is p l anning

a snail study in the spring of 1976, in conjunction with the University

of Rhode Island , to collect samples of the arctic haze aerosols and

subject them to chemical analysis. In addition , airborne radiation

measurements will be made from Barrow to accumulate data on the optical

d e n s i t y  and vertical distribution of the haze. Armed with the relevant

aerosol parameters , it should then  be poss ib l e  to c a l c u l a t e , by r ad i a t i ve

t r a n s f e r  t heo ry ,  the h e a t i n g  (or cooling) caused by t h e  l aye r s .  There

are also plans to perform trajectory analysis to attempt to derive the

origin of the haze l aye r s  ( K e l l o g g ,  ~~ i i . ,  19 7 5 ) .

Th9 s t u d y  o u t l i n e d  ‘ibove is i n s u f f i c i e n t  to d e l i n e a t e  a l l  t h e

importan t parameters hearing on the origin and method of t r a n s p o r t  of

a r c t i c  haze . The NDS will provide an excellent opportunity to carry out

additional observations, mostly dealing with the radiative properties of

the haze layers at a hi gher latitude than ti-tat of Barrow , Ala ska.

2. PURPOSE

Based on gaps in our knowledge and the unique opportunity provided by

the NDS , the l o l lowing objectives are suggested: 
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2 . 1.  Determine  the mean v e r t i c a l  t r a n s f e r s  of momen t um , h eat , and

water vapor in the surface layer, includ ing their relation to the mean

state of the surface and atmosp here and t he i r  var ia t ion  w i t h  season ,

t ime of day ,  and geographic  l o c a t i o n .

2 . 2 .  De te rmine  the v e r t i c a l  d i s t r i b u t i o n  of t empera tu re , v e l o c i t y ,

and h u m i d i t y  in the P dt~ and i t s  r e l a t i o n  to s u r f a c e  t r a n s f e r s , s y n o p t i c

conditions , and season .

2.3. Determine the macrostructure of fog and low stratus clouds

and i ts  re la t ion  to s u r f a c e  t r a n sf e r s , PBL s t r u c t u r e , the  r a d i a t i o n

f i e ld , and microp hys ical  p r o p e r t i e s .

2.4. Determine optical properties of a r c t i c  haze and e s t i m a t e  the

effect of haze on radiative transfer.

Achievemen t of the above objectives will contribute to our funda-

mental understanding of PBL dynamics , physics of fogs and stratus cloud s,

and the nature and effect of haze , as well as elucidating those features

that are peculiar to the Arctic . Achievement of the objectives will also

lead to improved models and parameterization s of heat , mass , and momentum

transfers in the Arctic and will aid the modeling of the arctic climate ,

e.g. , in general circulation models of the atmospher? .

The objective s are closely related to each other: achievement of

objective 2.3 requires at least partial achievement of 2.1 and 2.2, and

s imi lar ly ,  2 . 2  requires  2 . 1.  The proposed ob jec t ives  also interac t w i t h

several othe r research components of NDS. Estimates of the mean near—

surface vertical fluxes of radiation and sensible and latent heat are

required for  the program on heat and mass balance of the ice cover and

for  es t imat ing  the heat balance of the upper ocean . Estimates of the

wind stress on the ice are useful in evaluating the deformation of the

ice. Meteorological observations are also required for logistical pur-

poses , such as weather  advisor ies  fo r  a i r c r a f t  opera t ions .

Achievement of the proposed ob j e c t i v e s  w i l l  s u b s t a n t i a l l y  con-

tribute to several national and international programs including CLIMA P .

POLEX , and FGGE .
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Meteorological observat ions from the NDS required to achieve the

above objectives would provide valuable ground—truth informat ion necessary

for the interpretation of satellite observations during the First GARP

Global Experiment (F GGE) .  The observational  program during FGGE could

be grea t ly  enhanced by taking regular rad iosonde observations from the

NDS .

3. OBSERVATIONAL PROGRAM
3 . 1 .  N e a r - S u r f a c e  F l u x e s

Est imates of the near—surface exchanges of momentum , sensible and

r a d i a t i v e  heat , and water vapor are required in approximatel y hourly

intervals throughou t the drift. Turbulent transfers may be estimated

by use of bulk exchange formu las and the spectral method (e.g., Hicks

and Dyer , 1972). The incoming and reflected solar radiative flux can

be meaured d i r ec t ly  as can the net all—wave rad iative f l u x .

Estimates of the turbulent exchanges will require measurements of

mean and fluctuating components of wind speed , temperature , and humidity,

together  wi th  the mean wind direct ion . Ins t ruments  should include cup

anemometers and wind vanes, hot—film anemometers , platinum—resistance

thermometers , thermistors , thermocouples , and dew—point hygrometers.

Measurements should be made at a minimum of two levels , perhaps 10 and

20 m height , from a m~’st located on horizontally uniform ice several

hundred meters from the ship. Radiometers should be nearby. Measure-

ments at more than one elevation will provide a backup in the event of

malfunc tions and will give estimates of variations with height of wind

speed , temperature , and humidity and f luxes of momentum, heat , and water

vapor.

Ins t rumen ta t ion  fo r  processing, display, and recording of data will

be located on the ship. Data will be transmitted from the tower via

electrical cables. The system would include a minicomputer to expedite

recording in d igital form and to enable much of the analysis to be done

in the field.

It  would be desirable fo r  several periods dur ing the d r i f t  to have
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simultaneous measurements of the turbulent f luxes by the direct or

eddy—correlation me thod . These measurements provide a c a l i b r a t i o n  for

the bu lk aerodynamic and spec t ra l  methods.

Routine meteorolog ical observat ions of atmospheric pressure ,

visibility, and cloud amount, type , and the heigh t should be mad e as

a part of the surface—layer program. These observations would be made

on standard synoptic schedules and wou ld be made available , together

with other standard surface observation s, to national weather services

provided radio transmission can be arranged.

3.2. Planetary Boundary Layer

It is feas ibl e to moni tor  the s t r u c t u r e  of the  PBL c o n t i n u o u s l y  t h r o u g h -

out the drift with acoustic sounders. A single sounder would give in—

format ion  on the therma l structure , particularly layering and heights of

inversions, whi le  a b is ta t ic  array would in add i t ion  give measurements

of vert ical  ve loci ty .  A t r i s t a t i c  array would y ield three—c omponent wind

vectors in addi t ion to thermal s t r u c t u r e .  Experience during Al [)JEX in—

dicates that  operation of a monos t a t i c  sounder requi res  very  l i t t l e

manpower.

Pilot balloon observations would be taken twice daily or more often

during special observing periods. Pressure wou ld be measured on the si-tip

and at three buoys located at a radius of 200 km from the ship. These

pressure measurements would give an estimate of the geostrophic wind .

Temperature would also be measured at the buoys . The buoys are also

required for additional measurements for the ice—physics and oceanography

programs .

It would be highly desirable to have PBL profiles of pressure , tern—
• perature, wind speed and direction , and humidity measured for several one—

month periods during different seasons of the year . Such measurements

of the mean character of t h e  FBI, are essential toward fulfillin g the GARP

and (POLEX) charge to model the PBL for general c i r c u l a t i o n  and atmn os—

phere —ocean interaction modeling . These profiles up to heights of 1 km

could be made by one or more ins t rument  packages suspended from a “kitoon ” I 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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(tethered balloon). The NCAR Boundary Profiler has prev iously been used

in the A r c t i c , and more soph i s t i ca ted  p ro f i l e rs  have been used f rom ships

during GATE. Measurements by the p r o f i l e r , besides being of interest Ic.

themselves, would be a usef ul aid in developing an improved interpretation

of data from the acoustic sounders .

Standard radiosonde observations would be extremely valuable both

in support of the NDS boundary layer programs and to contribute crucial

high—latitude data to the FGGE data set. (The respective personnel and

funding requirements for a radiosonde station are not included below.)

3 .3 .  Stratus Clouds and Fog

Observations of the microphysical , macrophys ical , and radiative pro-

perties of fogs and low stratus clouds are required . The measurements

would be made f rom instrument packages suspended from the “kitoon .” In-

strumentation would include radiometers and particle (cloud drop let and

ice crystal) samplers.

It would also be desirable to have measurements by an a i r c r a f t  such

as the NCAR Electra , which is equipped for cloud and radiation measure-

ments. Turbulence measurements in the PBL by such an aircraft would also

be an extremely valuable supplement to the proposed PBL measurements.

Because of the distance of the likel y d r i f t  t rack  of the ship f rom suit-

able ai rpor ts, such flights are likely to only be possible near the end

of the drift when the plane could be based on Spitsbergen.

3.4. Haze

Properties of the aerosols in the arctic haze layers can be derived from

measurements of the extinction of light through the layers, made at

multiple narrow—wavelength intervals in the visible part of the spectrum .

In particular , an estimate of the size distribution of the aerosols can

be derived from the wavelength—dependent extinction measurements. In

addition , the albedo of single scattering of the aerosols can be derived

from monochromatic measurements of the diffuse sky radiance , made at

selected pointing direction . Knowledge of the aerosol size distribution

and albedo of single scattering, along with the known value of surface

albedo , provide sufficient information to calculate the effect of the

haze layers on the radiation budget. These specialized radiation
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measurements would be made during clear , stable conditions from the NDS.

Instrumentation would consist of a multiwave length sun photometer

with a series of narrow—band interference filters to isolate specific

wavelength intervals, a diffuse sky photometer , and a sky scanning photo-

meter tha t provides a map of the sky radiance at specific wavelengths

over the entire celestial hemisphere. The instruments and analysis are

described by Shaw (1975a , l975b). Calibration of the instruments is re-

quired in the laboratory on a monthly basis. Measurements can be success-

f ully carried out when the elevation of the sun is greater than 50~

4. REMOTE SENSING
4.1. Aircraf t

Periodic surveys of surface elevation and surface temperature are re-

quired at different times of the year to determine the statistical

characteristics of the surface. A laser profilometer and a single—

beam radiation thermometer are suitable instrumentat ion for these

measurements.

4.2. Satelli te •

Satellite imagery of the surface and cloud tops would be useful for the

stratus cloud program. The areal coverage of cloudiness could be ob-

served as well as the temperature of the cloud tops. The location of a

satellite receiving station aboard the ship would enhance the usefulness

of these data by enabling modifications of the ice—based observation

program to complement the satellite observations.

5. LOGISTICS

5 . 1 .  Personnel

Four personnel would be required on a continuous basis at the station .

During the one—month intensive observing periods of stratus clouds and

the PBL, the number of personnel would increase to eight. These per-

sonnel would cooperate closely with those responsible for the program

on heat and mass balance of the ice cover. Observations of haze would

be made by one additional person during periods when the daily sun

elevation exceeds 50~
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5 . 2 .  I n s t a l l a t i o n s

A tower for  meteorological observations wi th  a minimum height  of 20 m

will need to be raised several hundred meters from the ship. Laboratory

space on the ship (about 40 m2) will be required. A prefabricated hut

on the ice near the tower may be required to house some of the instru—

mentation . Electrical  cables for  data and power will run f rom the ship

to the instruments.  The “kitoon ” system wi l l  require  a winch , either

mounted on the ship or on the ice, toge ther w ith sui table pr otection

from the elements.

5.3. Power

Standard llO—V , 60—Hz power will be required with an estimated maximum

load of 10 kW.

5.4. Commun i cat ions

A communications link to transmit standard meteorological observations

f or use by the national weather services would be desirable.

Care will be required to minimize the effect of rad io commun ications

on data acquisition since many instruments malfunction during nearby

radio transmissions.

6. COST ESTIMATES

The following estimates are based on a two—year d r i f t  fol lowed by one

year for completion of data analysis. The amount required for equipment

may be less than the estimate, depending on the availability of existing

hardware .

6.1 Personnel $ 900,000

6.2 Equipment 400,000

6.3 Supplies 300,000

6.4 Travel and shipping 100,000

6.5  Computer services 100,000

6.6 NCAR Electra——lOO hours 100,000

TOTAL FOR 3 YEARS $1 ,900 ,000 

-~~~~~~~ -~~~~~~---_ —- _ _
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13
ICE PHYS I CS AND ENGINEERING
1. BACKGRO UND

The Nansen D r i f t  S t a t i o n  w i l l  provide a unique  d a t a — c o l l e c t i o n  center

fo r  the broad s ca l e  of a r c t i c  sea ice  fo rce  and d e f o r m a t i o n  p henomena.

In t e r e s t  w i l l  range from overall regional characteristics and motions

(-300 km) to the basic mechan isms that govern these characteristics

(-I km); from local forces and deformations associated with eng ineering

structures (-20 m) to the basic properties from which these occurrences

can be predicted (-20 cm); and to other space and time scales associated

with a variety of applications. It will be of fundamental importance

not only to make and interpret measurements at all of these scales but

also to use their spatial and t ime coincidence to advance our under-

standing of overall deformation processes and our ability to predict

thei r  occurrences .

The f o l l o w i n g  p l a n  c ’onsis ts  of t h r e e  m a j o r  subprograms associated

w i t h  d i f f e r e n t  scales of i n t e r e s t .

1 . 1 .  Movement , S t r e s s e s , and  D i s t r i b u t i o n  of T h i c k n e s s  i n  t he
Ice  F i e l d  a t  V a r i o u s  S c a l e s :  O b s e r v a t i o n s  and P r e d i c t i o n s

A study of the ice motion in the Trans—Polar Drift Stream will include

observations at the scale of the overall drift , as well as measurements

at smaller , local scales. As a central point for such observations ,

large—scale and small—scale measurements of ice movements can be made

at the same time in the same region . Correlation of measurements at

differen t scales will advance the present understanding of pack ice

interna l resistance and will improve the existing capability for develop-

ing predictive models. The ability to carry out these measurements

throLghout the drift , in which the  ice changes f rom th in  f i r s t — y e a r  ice

to thick multiyear ice , w il l  permit a comparison of the constitutive

properties of these different types.
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P1 t a li ed measur ements of l ( 1  not  i ons  i i i  t h e  T r a n s — } ’ o J a r  l)r i t  t St ream

or an eX L ended pe r iod  of ime have vi’ t to he car  r led ou t  . Such m~- asti ri- —

m e nt s  have been made by the  A l b I l - : x p rog ram over a region of approxim ately

800 km in  the P a c i f i c  C yre . I t  w i l l  be of g r e a t  v a l u e  to h ave  c o r n - —

spend ing  sets  of da ta  on these two m a i n  f e a t u r e s  of t he  A r c t i c  B a s i n .

A k n o w l e d ge of pack ice r h e o l o g y  iii these two main f e a t u r e s  w i l l  a l l o w

for  more a c c u r a t e  m o d e l i n g  of the  e n t i r e  A r c t i c  Bas in .

In addition to s i m p l y  obse rv ing  the  mot ions  of t he  ice f i e l d , t h e r e

w i l l  be g rea t  i n tl - r e s t  in improving  p r e d i c t i v e  models fo r  m o t i o n s ,

st r ess s t a t e s , and the  d i s t r i b u t i o n  of t h i c k n e s s  in va r ious  reg ions

of th e  A r c t i c  Bas in .  I n i t i a l  models f o r  ice mot ion  and s t ress  u t i l i z e d

a s imp le  v i s c o s i t y  pa ramen te r  f o r  pack ice c o n s t i t u t i v e  behav io r

F (Campb e l l , 1965) .  Since then , models  have become more refined in response

to the  p r e d i c t i v e  inaccurac ies  of t h e  e a r l y  m o d e l s .  The A I D J EX p r o g r a m

has developed the most  d e t ai l e d  model to d a t e .  Th i s  e l a s t o p l a s t i c

model  is based on local  d e f o r m a t i o n  phen omena  and is c u r r e n t ly  be ing

tes ted  w i t h  measuremen ts  in the  P a c i f i c  Gy re  (Coon and P r i t c h a r d , l 9 7 4 ~
Coon - ‘ a - . ,  1974) . Invest iga tors  at CRREL have developed a model

based on b u l k  and shear v i s c o s i t i e s  and have  co r r e l a t e d  this model  w i t h

smal l e r—sca le  (mesoscale) deformation measurements ( H i b l e r , 1974)  in

the B e a u f or t  Sea. I t  w i l l  be i m p o r t a n t  to app ly these  mode l s  to the

T r a n s — P o l a r  D r i f t  S t ream , bot h to evaluate their predictive abilities

and to determine any modifications that will be required to make them

more applicable. One would expect , f or example , significant changes in

parameters governing the response characteri~~tics of the drift stream

ice , such as differences in thickness distribution and in surface

cha racteristics (ridge density). Modificat ions in the basic AIDJEX

formulation might be suggested , for example , by a shift from rid ging

to shearing and collision as the predominant energy sinks during de-

formation. Such a major distinction has alread y been suggested by

some Russian investi gators (Timokhov , 1970) , and this migh t lend

credibility to a phenomenological basis for viscosity—type models. 

~~r’ 
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The AIDJEX model relates strains to the distribution of thickness.

The thickness distribution is important not only as a means to compute

stress—strain behavior but also as the state variable that determines

the heat transfer between the Arctic Ocean and the atmosphere. This is

discussed in greater detail in Chapter 11.

The a b i l i t y  to p r ed i c t  large—scale ice—pack  de fo rmat ions  res ts

heavily upon an understanding of the locally observable mechanisms of

def orma tion and an unders tanding of how these mechan isms comb ine and

manifest themselves in the overall deformation . For these two areas ,

the NDS can provide a valuable base for observations . The AIDJEX

model , for example , is based on some elementary models of the stress

levels and def orma tions associated with lead forma tion and pressure

ridging (Parmerter and Coon , 1972) . Although these models are

intuitively appealing, and have y ielded reasonable results , there is

a need for some direct correlation with field measurements of the

events in question and for further evaluation of other phenomena

such as shear ing, rafting , and collisions .

Prediction of the large—scale deformations from these basic

deformation mechanisms cons titu te a br oad leap in scale. Consequently,

an intermediate—scale , or mesoscale , has been and should continue to

be given important consideration. Mesoscale measurements have been

made in the Beaufor t Sea area by AIDJEX and CRREL investigators and

have been qualitatively correlated to lead formation and pressure

ridging activity (e.g., Hibler et al. 1974). Similar observations

should be carried out from the NDS. A model has been developed for

the direct computation of stress and strain behavior at the mesoscale

level , dire ctly f r om local mechanisms (Maser , 1975). This model can

be used to quantify the contribution of the different deformation

mechanisms to the mesoscale motion.

The val ue of having a stable pla tf orm from which to make these

measurements cannot be overstated . The recent breakup of the AIDJEX

ma in camp is an illustration of its logistic value . 

~~~~~~~~~~~~~~~~
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1 .2. Forces and Def ormations of Enq in eer inq Interest
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op t  i m u n i  sv s  t e rn .

A n o t h e r  area dou t wh ich I t t Ii ’ is k n o w n  is t h e  inf luenc- e ot th i -

st r i -ss f i e l d  i n  tilt ’ p a c k  on t h e  m o b i l  it v of  an u-e hr i-i ker. It has

been found that an i c e b r e a k e r  wi  1 1 b e c o m e  s t u c ’ k fast in a f i e l d  of

p ressured ice , b u t  the  mechanisms o f  Ut is o c c u r r e n c e  and the  c o n d i t i o n s

under which it happens have not been explained. Since the drift station

will constantly monitor the stress state in the pack as well as on the

ship, it will be possible to identif y pressure states and to conduct

mobility tests and observations. It will also be possible to correlate

macroscale and mesoscale strain measurements wfrh shi p forces , both

from data and through anal ytic models.

A further area of interest relates to  ice forces on fixed structures

( o f f s h o re  p l a t f o r m s , p iers , e t c . )  and the  h e a r i n g  c a p a c i t y  of ice

sheets  ( f o r  a i r c r a f t  landing , storage . etc.). ~oth of these depend on

the flexural compressive strength as well as the stress—strain he—

havior of ice sheets. Some investigators have carried out ~ 
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beam tests , while others have simply loaded the ice sheet as a whole

(Weeks and Assur, 1969) ,  b o t h  to de te rmine  f i e x u r a l proper t ies .  Other

i n v e s t i g a t i o n s  have sought  to measure  the overa l l  compressive behavior

of a sheet by j a c k i n g  t h e  ice a g a i n s t  itself (e.g., the nutcracker test).

Many of these results are complicated by changes in the ice temperature

d i s t r i b u t i o n  r e s u l t i n g  f r o m  t h e  c u t o u t s  made in the ice sheet.

Some recent experiments in the area of in .situ ice stress and
stress—strain measurements have been carried out as a part of the

Outer Continental Shelf Project (OCS), funded by the Bureau of Land

Management and administered by NOAA . These techniques can be used in

conj unction with some of the standard strength and stress—strain tests

to obtain a more real is t ic  evaluation of the strength and deformation

of f loat ing ice sheets.

1.3 . Physica l Properties of Sea Ice

A comprehensive descr ip t ion  of the mechanical  proper t ies  of sea ice

has yet to arise out of the many investigations that have been carried

out over the past 20 years (Weeks and Assur , 1969; Peyton , 1967) , but

the variability of conditions and testing procedures has made uniform

interpretation difficult. Certain principles have been established ,

such as the dependence of strength and modulus on brine volume (Weeks

and Assur , 1969). Other effects , such as dependence of streng th on load

rate and sample size have yet to be satisfactorily quantifieci for prac-

tical app lications. Comprehensive fracture criteria and the influence

of stress concentration have yet to be established .

Sea ice is a large—grained polycrys tal , each crystal of which has
a microstruc ture of cylindrical holes (brine pocke ts) and each of which
deform s elastically ,  and viscoplastically along the basal plane . Much

of the testing to date , however, has borrowed techniques from other

areas tha t did not take these unique sea ice features into account , and

consequen tly many results have been inconsistent and mislead ing. Some

recent studies have been carried out to exp lain the load rate (Paige
and Kenned y, 1967; Maser , 1972), polycrystalline (Maser, 1972) , and
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brine pocket (Haynes and Neve l , 1975) effects on small sample test pro-

cedures. These studies have suggested rejecting certain types of tests

and increasing sample sizes.

One other severe obstacle in testing sea ice properties has been

difficulty in sample handling . A samp le undergoes temperature fluc-

tuation and brine drainage when transported from field to laboratory,

and this may produce misleading results. The alternative has been to

grow samples in the laboratory . This , however , canno t fu l l y recrea te

the unique conditions of ice growth on the open water.

Other s i gn i f i can t  gaps in our e x i s t i n g  s t a t e  of knowledge inc lude

the properties and mechanisms by which the salt  content  var ies  with

time (desalination) and the radiative properties of sea ice in the

microwave part of the spectrum . It has been suggested that the un-

expected radiative differences in sea ice are related to the age of the

ice (Gloersen et al., 1973) , which would correlate with physi ca l

factors such as salt content and crystal structure.

The NDS will be ideal for an ice testing laboratory for the studies

suggested above. Sample transportation and handling will be minimized .

This will improve the realism of test results and will allow for many

more samples to be tested in the same amount of time . Samples can be

taken nearby the ship fr om d if f erent f loe s of d if f e r e n t thi ckness and

age. Since the ship will basically follow the ice for two years , de-

salination studies can investigate ice throughout its growth cycle ,

with a comp lete description of its environmental history available for

reference.

2. PURPOSE

2 . 1 .  Movement , S t r e s ses , and D i s t r i b u t i o n  of T h i c k n e s s  i n  t he
Ice Field at Various Scales : Observations and Predictions

Interest in the measurement and predict ion of ice movements , thicknesses,

and stress levels thr oughou t the Ar ct ic Basin comes from a varie ty of

sources , some of which are discussed below . 
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2. 1.1. Climatology and Weather  Forecasting

The Polar subprogram of CARP represents an extensive and comprehens:f ie

effort to investigate high latitude contributions to the global cl imate

systems. Specifically, the extent and thickness distribution of the

ice pack will define the heat balance between the ocean and the atmos-

phere. A program has been outlined to investigate and predict the

energy exchange through any thickness of ice (See Chapter 11). The

presence of open wa ter will , of course , resul t in a sharp increase of

energy exchange. The ability to predict the thickness distribution

and extent of the ice pack through ice dynamic modeling will enable

this information to be used to determine the total energy flux through-

out the Arctic Basin.

2..1-.-2-. Navigation

Navigation and transportation in arctic regions is an area that will

be advanced by an ability to predict the stress state , thickness dis-

tribution , and percent of open water throughout the Arctic Basin . The

Fleet Weather Facility current ly provides an ice forecasting service

for navigational purposes based on simple wind—driven models. Resource

development in the Arctic will, no doubt , see an increase in naviga tional
requiremen ts through the Arctic Basin, including tankers, ore carr iers ,
LNG ships , and submarine tankers. This need must be met by an improved

ability to predict navigable paths for surface vessels. Icebreakers

will seek routings through areas of unpress ared ice and areas where

there is a high percentage of thin ice and open water . Submarine trans-

por t, as well, will be in terested in traveling through reg ions where a

high percentage of thin ice and open water will facilitate surfacing.

Air travel will benefit from knowing where minimal pressure ridging and

a high percentage of refro~:en leads will enhance the chances of f ind ing

natural runways. All of these navigational needs will be served by

the program that is outlined in the following sections. 

—--~~- - .~~~~~~~~~ - - -‘--‘~~~ -



__ 
.
~~~~_ •  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—- •- -- ---—-
~
- --- -- ---- --- - . - - —— -.~~--~~=---- : -~~~~ -.- - .--- -

168

2.1.3. Underwater Acoust ics

Background noise levels under the ice are related to the type of

deformations taking place in the ice itself. It should be possible

to associate unique spectra with convergent , divergent , and shear ing

deformation fields , corresponding to the predominant local deformation

modes. It will then be possible to predict the expected background

noise spectrum in any given region under the cap, given the predicted

state of deformation.

2.2. Forces and Deforma tion of Eng i n e e r i n g  Interest

The engineering applications of these investigations are easily identi-

fied . Navigab ility of icebreaker s through heavy arc tic pack ice is
still an area where more needs to be learned . Results from a systematic

stud y of ice breaker forces and icebreaker m o b i l i t y  can in f luence  ice—

breaker design , and the ab i l i ty  to predict  these f orces from gross pa ck
behavior will serve to develop guidelines f or rout ing ships thr ough
the pack.

Bear ing streng th studies , in addition to the applications already

mentioned , can be used to de termine  the sur fac eab ility of subma r ines

in thin, refrozen leads. Flexural and compressive strength data can

be used to predict ice forces on fixed engineering structures.

2.3. Physical Proper ties of Sea Ice

An unders tanding of the physical properties of ice and an ability to

make quantitative estimates are important in a number of areas. These

include design of instrumentation that is to be supported by or within

the ice cover and the modeling and prediction of ice forces on fixed

offshore structures. The growth and continuation of investiga tions and

engineering ef f or ts on the ice cover will continually demand an increased

unders tanding of the physical properties of sea ice.
These investigations should also be oriented toward standardization

of ice strength measurements. A meaningful  standardization would enable

compar isons to be made f r om d i f f e rent sets of da ta and would help to

provide a sound basis for design against ice forces. 
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Microwave imagery shows every indication of becoming a powerful

tool in surveying existing sheets of ice and their changes in time . The

establishment of a firm connection between ice radiative properties and

age—related physical properties , such as salt content , w il l  great ly

enhance the u s e f u l n e s s  of t h i s  me thod .

3. OBSERVATIONAL PROGRAMS
The previous section has described a number of important research areas

that  w i l l  be supported and advanced by observat ional  programs f rom the

NDS. These observations , in most cases, are f or develop ing and impr ov ing

various types of predictions . Since past experience has shown that data

collection alone does not advance the state of the art , we propose to

include a modeling and data—analysis effort with each proposed data—

gathering effort.

3.1. Movement , Stresses , and Thickness Distribution in the Ice
F i e l d

Macroscale ice mot ion  will be measured for  general observat ion , for

stress prediction , and for thickness distribution prediction . It is

believed tha t  an array of buoys surrounding the d r i f t i n g  s ta t ion  in a

ring approximately 100 to 200 km in radius would be sufficient for these

purposes. These buoys would need to measure position only. The actual

buoys , however , can be made to fit in with other data requirements.

The basic array would consist of six data buoys at a radius of 200 km

and three data buoys at a radius of 100 km. This will provide nine

independent strain measurements , plus a number of redundancies that

will permit an evaluation of the continuity of the strain field. The

measured strain dis tribu tion will be used for  computing the stress f ield
and thickness distributions around the ship . The experience in the

AIDJEX buoy program would indicate that distortion of the buoy array

will require tha t rep lacement buoys be used period ically to upgrade

the array.

Da ta buoys (AIDJEX Bulletin No. 22 , 1973) such as those being used

in AIDJEX and NOAA—OCS would provide sufficient positioning accuracy

~
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for  the s t r a in  c a l c u l a t i o n s,  I t  now seems that after proper filtering

of the data (Thorndike , 1973 , 1974) ,  accuracy  of the RAM S buoys position-

ing is 1 km . These f i l t e r i n g  and s t ra in—measur ing  techniques are being

developed by the AIDJEX Modeling Group .

The RAMS buoys being used in the AIDJEX ring have , in addition to

RAMS positioning, the measurement of barometric pressure and air temper-

ature, and they ar e equipped with hydrophones. There are two types of

RAMS buoys being used in the AIDJEX/NOAA—OCS program. The first of

these are marker b uoys hav ing onl y RAMS position—measurement capabilities .

However , they can be dep loyed by dr opp ing from a low—flying aircraft

(fixed—wing or helicopter). The other type of buoy being used in this

program will measure, in addition to position , air temperature and pres-

sure , and can be equipped with ocean current meters at several depths

below the ice. It would seem that some combination of these buoys would

satisfy all the requirements for the NDS buoy program. It any event ,

it appears that the buoy requirements for these strain measurements are

minimal by comparison wi th  those f o r  oceanographic and acoustics work ,

and , therefore, they should be fit into any of the  other  buoy programs

as necessary.

The buoy data will be supported b y s a t e l l i t e  imagery . Such imagery

although available only when sa te l l i t e  t r a j e c t o r y  and weather  are per-

mitting , can be used to check strain measurements and thickness dis-

tribution calculations and hence will be a valuable reference during

this program.

Measurements of ice motion on a scale of 5 to 50 km will be made

to correla te with and pr ovide a coherent link be tween macroscale and
microscale occurrences. These measurements will be made using a radar

transponder system. CRREL investigators have recently purchased such

a system and will be using it for measuring nearshore deformation this

spring near Prudhoe Bay as part of the Arctic Offshore Program. In

addi tion to strain measurements, interest also exists in monitoring

ridge characteristics as a function of time in order to determine , in
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more detail than presently avai lable ) their relationship to d e f o r m a t i o n

on a larger scale.

The basic measuring system consists of an array of remote trans-

ponders at a maximum distance of 50 kin from the ship, arranged approxi-

mately in concentric circles. Two master transponders (connected by a
— 

microwave link that obviates wire connection) on a baseline 2 t o  5 kin

in length near the s hip  will automatically measure distance from the

remote devices at regula’-’ time intervals. The baseline distance is

also measured periodically so that leads through the baseline cause no

problem. One of the baseline transponders should be located near the

shi p to f a c i l i t a t e  cable connection (which requires only simple tele-

phone w i r e ) .  The system is automatically activated with an external

di gital clock input. Distances are measured (in all weather conditions)

with 0.1—rn resolution , which , with the proposed baseline , yields an

angular resolution of better than fl minute of arc. The transponder

system is a line—of—sight system , and the actual size of the array de—

pends somewhat on the CRREL experience with various towers and their

else of erection this spring. It is anticipated that 30—tn towers will

be f eas ib le , al lowing up to 50—km dis tance measurements.

The azimuth of the baseline wil l  he measured per iodical ly by

theodoli te  or , in bad weather , by using a portable  remote t ransponder

at two d i f f e r e n t  locations on the ship. Consequent ly,  the ice vor t i—

c i ty  data w il l  not be on as dense a temporal scale as the s t r a i n — r a t e
-

t 
data .  The data f rom the array will yield accurate leas t—squares  s t r a i n

rates on a temporally dense scale (~ 3—hour intervals) useful for inputs

to drift and deformation models and to ice thickness distribution models.

I t  will also be adequate  to examine in detai l  oscillations in the ice

deformation at higher frequencies , such as previously observed at 12—hour

wavelengths (Hibler e’- at., 1974).
With regard to manpower and logistic support , helicopter suppor t

will be required for the initial setup of the remote transponder towers

and for  b a t t e r y  exchange approximately every month . Finding the remote

_ _ _ _  ____________________ _ _ _ _



~~~~~-~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -‘~~~- _- -

172

transponder in poor v i s i b i l i t y  condi t ions  (such as in w i n t e r)  is facili-

tated by an extra portable master transponder carried in the helicopter ,

which gives a continuous distance to the desired remote transponder.

Normal manpower would be one person to monitor the system operation and

to change batteries. In addition to batteries , each remote system uses

a smal1 pr opane f uel cell , which also requires new propane approx imately

every month . Initial setup requires about three persons for a short

period of time .

Periodic laser profilometry and aerial photography would be required

for monitoring lead formation , ridging, and ridge characteristics and

statistics and correlating them with the deformation results. Assuming

that a laser profiler system is available , implementation of this por-

tion of the program would require fixed—wing aircraft support on an

occasional basis (say, every two months).

A local (microscale) measurement program will be directed toward

making quantitative measurements of important local deformation phenomena

that occur in the pack in the neighborhood of the ship . These phenomena

include lead formation , pressure ridging, shearing , and floe collisions .

Mesoscale strain measurements will indicate when a particular type of

event is likely to occur , and helicopter reconnaissance and shipboard

radar will locate the particular features.

A typical observa tional program of this type will be a pressure—

ridge experiment. Pressure ridg~ c ~an be located at their beginning

by observing refrozen leads d ‘ri period when a compressive stress

state develops in the pack. A particular lead will be identified and

surveying equipment and targe ts placed on either side fo r distance
measurement. Stress transducers will be placed in the ice on the flank

‘f the lead. The nature of the transducer will depend on the time

var iation of the forces developed in the lead . Flatjack—type devices ,

similar to those used for in situ rock stress , can be used in some

- ases , wh ile more complex devices, such as those developed by Imperial
- roasdale , 1975), may be required in others . A measurement program
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of this type is now taking p lace as par t  of the Outer  C o n t i n e n t a l  She lf

(OCS) project off the coast of Alaska . Some more portable , lightweight

stress transducers have been developed as part of this effort , and

these can be considered as an alternative to those just mentioned . Coring

equipment for obtaining vertical prof ile informa tion as the ridge develops

wi l l  also be desirable .

While the ridge develops , the r idg ing forces will be continuous ly

monitored with the stress transducer , and the relative displacement of

the flanks will be recorded using surveying equipment .

The above description is representative of the type of program

that  is proposed for  shearing , shear ridging , f loe collisions , and raf t-

ing. These are all local phenomena that govern the dynamics of the

pack. An understanding of these features will improve stress and thick—

ness distribution prediction s at a larger scale .

3.1.1. Modeling and Data Analysis

Models have been developed for the s t ress—deformat ion  behavior of ice

at various scales . Most of these have been tested with limited field

data , if any at a l l .  The program described above will  seek to use

available models to in terpre t  the da ta  t ha t  are obtained and wi l l  use

those data to improve the accuracy of the models themselves.

The AIDJEX model (Coon and Pri tchard , 1974) will use the

measured strain field around the ship to compute the thickness distri-

bution . This computed thickness distribution can be compared with

satellite imagery . It can also be compared to thickness profile measure-

ments made remotely by helicopter .
The AIDJEX constitutive model , as well as that of Hibler (1974) ,

will be used to compute stress in the pack. Attempts can be made to de-

fine shear and bulk viscosities in the Hibler model at this sc ale and
perhaps as a function of thickness distribution . Stress computations

will ultimately be compared with stress transducer measurements around

the ship. The mesoscai.e model developed by Maser (1975) will use the 

- - _  
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transponder displacements as boundary conditions . With aerial photography

of the region to define the ice geometry, this model will compute stress

around the ship, as well as Lhe occurrence of lead formation , pressure
ridging, shearing , and other local events. It will also compute mean

stres ses in the mesoscale reg ion, and these will be compared with those

computed at the ma”roscaie.

At the microscale , the AIDJEX model can be checked with a lead

experiment. The stress—displacement information can be compared directly

to the model predictions. Corings can be used to measure the sail and

keel heights versus time, as well as the density of solid material in

both sail and keel. Comparison of corings to model predictions wil l

g ive insight into possible modification of the parameters used in the

model or in the model itself.

Acoustic measurements should be carried out in conjunction

with the measurement of local deformation mechanisms . These will be the

primary source for background noise , and hence a direct correlation of
noise spectra to particular events will be extremely valuable in under-

water acoustics work. These measurements will be carried out as a part

of the marine acoustics program.

3.2. Forces and Deforma tions of Eng ineering In terest

3.2 .1 .  Measurement of the Pack Stress on the Ship

It will be impor tant to measure the pack stress at , or immediately
surrounding, the ship . On one hand , the ship can act as a large trans-

ducer to measure local pack stress and compare with that being pre-

dicted by mesoscale and microscale modeling. On the other hand , it is

impor tant, from a navigational poin t of view, to determine how the ship
responds to different states of stress in the surrounding pack .

One appr oach , originally considered for the Polar Star, is

to instrument structural elements of the ship ’s frame. Two problems

were encountered wi th  the Polar Star: the structure was very stiff

relative to the pack force level, hence significant measurements would

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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be difficult ; and access to the main s truc tural elements was difficult

(Buxton, 1975). The icebreaker to be used as the NDS will be a WIND—

class icebreaker and , hence, will have a more flexible structure with

a higher probability of instrumentation .

Another a l t e rna t ive  is to i n s t r u m e n t  the hu l l .  It is clear

that ship instrumentation would have to be investigated further. How-

ever , the duration of the drift will permit the evaluation of alter-

native schemes.

A stress—transducer array immediately surrounding the ship

will be valuable, both to calibrate the ship instrumentation and to act
as an alternative should ship instrumentation be unsuccessful. Such

transducers have been developed and could be easily implemented.

3.2.2. Influence of Pack Stress on Ship Mobility

The influence of ice pressure on icebreaker nobility is not well under-

stood . This program would attempt to investigate the mobility of the

icebreaker in various stress states .

The testing assumes that the icebreaker will be mobile. This

may not be the case for most of the duration of the drift. However ,

advan tage may be taken during periods following divergence , such as

spring breakup, when the icebreaker can move into thinner lead ice.
With the development of a compressive component in the pack , the ice-

breaker can proceed through the ice at diff erent angles to the maximum
compressive stress. Velocity versus horsepower measurements will quantify

the ease of mobility. Visual observation of the wake, both from the ship

as well as by helicopter surveillance , will help to clarify how the wake
closes behind the ship in pressured ice.

It will be unders tandably difficult to make many such

measurements. The movement of the icebreaker will be disruptive to the

many research programs that are being conduc ted , par ticularly in the
immediate neighborhood of the ship. However , there will be periods ,
such as spring breakup , where instability in the ice will force most
programs back to the ship. There may be other occasions, such as
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correc tion of drift course, when the icebreaker will attempt to travel

under power. Since these measurements are quite important to Icebreaker

navigation, it would be desirable to utilize those periods , plus the

incoming data concerning pack and ship stress , to conduc t the mobility

tests described above .

3.2.3. In Situ Beam , Compression , and Bearing Tests

Informat ion  regarding ice forces on eng ineering s t ructures  can be

obtained by conducting ~~ situ beam , compression , and bearing tests .

The uniqueness of these measurements here will be the direct cor-

relation of these results with the small sample test results (described

in the next section). This will improve predictive capabilities for

ice forces .

3.3. Phys i ca l Proper ties of Sea Ice

A systematic study of strength and rheological pr oper ties of sea ice

can be carried out in a testing facility on board the drift station .

Other properties, such as electrical and thermal properties of ice of

different brine volumes, will be important to investigate as well .

Studies of strength versus sample size will be important for future

standardization of ice sample sizes. Studies of strength measured

by different test (e.g., tensile strength through beam bending , Brazil,

and uniaxial tests) should be made to develop consistent correlation

between these results and to suggest a test method that will become

standard for future field investigations . Study of the time—dependent

properties will help to improve the in situ stress—measuring equipment ,
par ticularly that which is being used in other par ts of the ice physics

program. Other measurements will include correlation of salt content

to age of the ice and to its radiative proper ties and thermal and
elec trical properties of sea ice.

Test facilities should include a coldroom for samp le storage , a
universal testing machine , and ice coring and cut t ing equipment.  It

has been found that tes ts are carr ied out more easily if the tes ting

machine is in a warm room and the sample itself is enclosed in a
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r e f r igerated box . R e f r i g e r a t e d  samp le con ta ine r s  would also have to be

suppl ied .  Special sample p r epa ra t i on  equi pment , such as a l a the  for

t ens i l e  samples , should also be suppl ied .

It is envisaged tha t small sample inves t iga t ions  wi l l  be carried

out over a period lasting one to three mon ths by d ifferent groups ,

and that  an overall coordinat ion e f f o r t  w i l l  review proposed research

programs so that  redundant data are not taken .

3.3.1. Modeling and Data Analysis

Some analyses have been carried out to model phenomena that take place

in small samples (Maser , 1972; Haynes and Nevel , 1975). Other work ,

including the influence of time—dependent and time—independent plastic

flow on results for beam , Brazil and other tests and the influence of

samp le size in general, should precede and accompany each test program.
This will ensure that a meaningful se t of data will be generated , and

that it will be useful  for ice—engineering app lications.

3.4. Suniiia ry of Remote—Measurement  I n s t r u m e n t a t i o n  R e q u i r e m e n t s

Figure 13.1 summarizes the permanent instrument array associated wi th

the ice physics and engineering program . Although the ice physics and

engineering program simply requires posit ion data buoys , other pro-

grams w ill require hydrophones , barome tr ic pressure sensors, temperature

sensors , and other instruments.  It is anticipated that the f ina l  buoy

design will be made to accomodate those other needs as well.  The

radar transponder array will be required by the marine acoustics program ,

with perhaps a greater density than that shown. Stress transducers will

be unique to the ice physics program. Below is a summary of the pro-

gram’s total instrumentation needs:
9 Ac tive position data buoys and 3 spares for reloca tion

of the array

12 Remote transponders plus main towers and central unit

20 Ice—stress transducers

1 Survey ing transit

i~.
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1 Leveling rod

1 Universa l  t es t ing  machine

1 Coldroom

1 Lathe

1 Ice corer

Strain guages and signal conditioning and recording equipment

3.5 . S c h e d u l i n g ,  Frequency  of Measurements

It is anticipated tha t data—buoy and radar—transponder  measurements

will be taken continuously during the entire d r i f t .  Interruptions will

occur when excess distortion or major course correc tions will require
repositioning of the arrays. The stress transducer array surrounding

the ship as well as stress instrumentation on the ship i tself , will

also be monitored continuously throughout the drift.

Test programs related to local deformation features in the pack,

such as pressure ridging, will be aided by continuous timelapse photo-

graphy of shipboard radar observations during the periods of interest.

Specific experiments , such as pressure—ridge observations, ice—

sheet stress—strain and strength measurements, and studies of the physical

properties of sea ice will be carried out during specific two to three

month intervals during the drift. It would be desirable to have each

program carried out at least twice during the drift——once early in the

drif t to investigate the young ice and once later in the drif t to
compare these observations to those for older ice. Measurements that

need to be made as a function of the age of the ice , such as salt con-

tent, should be made continuously throughout the drift.

Icebreaker mobility tests will be carried out at those special

times during the drift when the pack is breaking up and it seems likely

that the ship will be capable of moving around. Such measurements

should also be made during course—correction maneuvers.

~ 
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3 .6.  Field Personnel Requiremen ts
Man—days

*Deployment and Maintenance of buoy array

2 buoys/ day wi th  a 4—man crew x 20 days 80

*Deployment of radar transponder sites and

setup of basic system

3 men , 15 days 45

Monitoring and maintenance of radar

transponder system

1 man 1/2 time for  2 years 365

Installation and monitoring of stress trans-

ducers around the ship and stress measure-

ments of the ship itself

1 man 1/2 time for  2 years 365

Remote sensing from helicopter flights

12 h/month x 24 mon th s 288

Pressure ridge, shear , raf ting, and collision

experiments

2 men , 5 months 300

Ice—sheet s t ress—strain and s trength

measurements
2 men , 5 months 300

Ice physics small sample testing program

2 men , 9 months 540

TOTAL 2283
or

6.25 man—years

*Overlaps with requirements of other programs

~
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3 .7 .  Da ta  Managemen t

Coordination will be carried out between the f o l l o w i n g  data  sources:

(a) Buoy position data (transmitted from satellite to a

da ta  c o l l e c t i o n  center  in the  U n i t e d  S t a t e s )

(bl S a t e l l i t e  imagery (same as above)

(c) Transponder pos i t ion  data  (co l lec ted  on the NDS and

sent back per iodical ly)

(d) Hel icopter  remote—sensing  data  (same as above)

(‘~) Stress—transducer date (same as above)

( f )  Ship stress and posi t ion data (same as above)

It is an t ic ipated t h a t  one da ta—col lec t ion  center  w i l l  be

responsible for receiving these data and putting them into a form that

can be used by the various investigative programs .

For o ther  programs , such as p re s su re—r idge  exper iments  and

measurement of small sample ice properties , da ta management will be up

to the individual inves t iga tors .  If , however , several d i f f e r e n t

invest igators  are making studies of the  same kind , it wi l l  be impor tant

to provide u n i f o r m i t y  of measurement and corre la t ion of r e su l t s .

4. REMOTE SENSING

Remote sensing requi rements  include sa te l l i te  imagery and aerial  photo—

graphy.  Sa te l l i te  imagery will  be used fo r  visual observations of the

reg ion being covered by the position data buoys , and aerial photography

will serve a similar purpose for the area covered by the transponder

array.

At this  time , considera t ion is being given to fou r  d i f f e r e n t  sa t e l l i t e

series for coverage of the NDS t rack .  Since the s a t e l l i t e  imagery wi l l

be used to check the buoy strain measurements , as well as to check out

the calculated thickness distribution , it will  be importan t to have

at least f ive  to six consecutive days of s a t e l l i t e  imagery per month .

It appears , at present , that all the imagery systems in current  use , as

well as those being considered , are capable of providing information 
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related to mot ion of the ice and are capable of distinguishing thick—

nesses and the presence of open water .

It is the current understanding (see Chapter 15) tha t  remote sensing

f l i g h t s  wi l l  be carried out by helicopter. During these flights , aerial

photography and laser p ro f ilomet ry  should cover the t ransponder  area at

least twice per month , wi th  aerial photography requi r ing  a sequence of

f ive days per coverage period . This coverage will be required both

to ini t ia l ize  mesoscale ice—dynamic modeling periodically, as well as to

follow model predictions for  short intervals.

5. LOGISTICS
5 . 1 .  S t a f f  Movement

At present it is d i f f i c u l t  to est imate precise numbers and dates of

s t a f f  movements. I t  is best to estimate that personnel exchange will

be approximately four to six persons every three months.
5.2. Shi pboard Installations

100—150 f t  radar transponder tower

1 Ice testing laboratory with coldroom fac i l i t ies

No other special logist ic  requirements  are foreseen for  th is  program.

6. COST ESTIMATES
6.1 . Personne l (Section 3.6)

6.1.1. Field Personnel Man -Years

Experienced Technician 3.5

Principal Investigators 2.75

6. 1.2 .  Data Collection and Anal ysis

Data buoys and transponders

1. Overall direc tion

Senior Scientist 1/2 time

x 2 years 1.0

2. Continuous s t rain

calculations , Intermed iate
s t a f f , f u l l  time

2 years 2 . 0  
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3. Remote sensing

interpretation .

In te rmed ia te  s t a f f , 1/2 t ime ,

2 years 1.0

4. Model a n a l y s i s — — d a t a

interpretation :

Senior Scient is t , f u l l  t ime ,

2 years 2 .0

Senior Programmer ,
f u l l  t ime , 2 years 2 .0

Dra f t spe r son , f u l l  t ime ,
2 years  2 .0

Junior Programmer ,

f u l l  time , 2 years  2 . 0

6.1.3. Data Anal ys i s——Other  Programs
Man—Years1. Small sample ice measurements

Senior Sc ien t i s t , 1/2 t ime , 1 year 0.5

2. Ice—sheet  s t rength  and s t ress—

stra in  measurements

Senior Scientis t , 1/4 time , 1 year 0 .25

3. Ice—pack de fo rma t ion  phenomena

(pressure ridg ing , lead formation, etc.)

Senior Scientist , 1/4 t ime , 1 year 0.25

4. Ice—stress transducer measurements

Ship—stress  measurements

Senior Scientist , 1/4 time , 2 years  0 .5

5. Icebreaker mobil i ty  measurements

Senior Scientist , 1/4 time , 1 year 0 . 2 5

6 .1 .4 .  Summary of Manpower Costs (including overhead, etc.)

1. Senior Scientists——field

2 . 7 5  man—years x $90 , 000 $247 ,000

2. Senior t e c h n i c i a n s — — f i e l d

3.5 man—years x $60 , 000 210 , 000
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3. Senior S c i e n t i s t s —— a n a l ysis

4 . 7 5  m a n — y e a r s  x ~ 60 , 000 285 ,000

4. Intermediate—level staff

5.0 man—years x S45,000 225 ,000

5. Junior s t a f f

4 .0  man—years  x $30 , 000 120 ,000

ESTIMATED MANPOWER BUDGET $1,087 ,000

6.2.  Major Ma ter ia l

*12 Dropable RANS position buoys

at $3000 $36 ,000

+12 Remote t ransponders

at $8000 96 ,000

20 Stress t ransducers

at $300 6 , 000

Strain gauges , signal condit ioning equipment 18 , 000

1 Multichannel chart recorder 25 , 000

1 Universal testing machine 10,000

Data processing and publicat ions costs 200 , 000

Samp le preparation and coldroom equipment 40 ,000

Miscellaneous equipment 20,000

Travel——6 round trips every 3 months

from United States for 24 months
= 48 round trips at $1500 72 ,000

TOTAL MATERIALS COST $523 ,000

6.3. Tota l Projected Cost

Labor $ 1,087 ,000

Material  523 ,000

Total: $ 1,610 , 000

*Minimu m buoy requirement.  This will most likely be absorbed by a more
comprehensive buoy capability. —

+Assumes availability of CRREL basic system .
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FIGURE 13.1 Preliminary scheme of remote data collection sites with
respect to the Nansen Drift Station. At these sites a variety of data
will be obtained , serving d i f f e r ent  programs (see text).
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1’4
ATMOSPHERE- IONOSPHERE-MAGNETOSPHERE
1. BACKGROUND

1.1 . Introduction

The unique location of the Nansen Drift Station will provide an oppor-

tunity to make significant measurements directed toward an understanding

of the complicated me~hanisms that couple eni rgy between the earth
’s

atmosphere , ionosphere, and magnetosphere. The complicated n.*turi of

the geomagnetic field as dlst ’rted by the solar wind is shown in

Figure 14.1 from Heikkila (1973). The principal atmosphere—ionosphere—

magnetosphere (AIM) regions that can be studied from the NDS are the

polar cap, magnetospheric cusp (or c1e~t), and auroral zone.

1 . 2. Polar Cap

The geomagnetic field serves to “funnel” the f low of energy from the

interplanetary medium to the earth’s polar caps. The amount of energy

deposited in these polar processes can be extremely intense and produce

drastic physical and chemical changes in the lower atmosphere and iono-

sphere. For example, intense fluxes of high—energy protons (‘~lO MeV)

emitted by the sun following certain major flares have access to the

polar regions and bombard the atmosphere for several days, providing an

energy input equivalent to 1012 W (4 times the total power generated

by all electric plants in the United States). These particles severely

alter the ionosphere to the extent that transpolar VLF and HF radio

transmissions (as well as over—the—horizon radar systems) are inter-

rupted for many days (e.g., Zmuda and Potemra, 1972). The chemistry of

the neutral atmosphere is severely altered , for example, resulting in

an abnormal abundance of nitric oxide (NO), which is believed to have

a drastic effect on the important ozone (03) shield of the earth

(Crutzen , e~ aZ.~ 1975). Ionized particles continuously flow outward

along the geomagnetic field lines originating inside the polar cap

causing the “polar wind” (Banks and Holzer, 1968).
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1.3. Magnetospheric Cusp

The cusp (or cleft) shown in Figure 14.1 is a region facing the sun that

coincides with the geomagnetic neutral line. Solar—wind and magneto—

sheath particles are believed to have unrestricted access to the lower

ionosphere through this region . The cusp region is particularly import-

ant because of its obvious role in connecting solar and AIM phenomena

and because of the large variety of wave—particle and plasma phenomena

excited there . The precise location of the cusp is not known, possibly

because of the high variability of the associated phenomena , but the

available observations indicate it to be at fairly high geomagnetic

latitudes (approximately between 78° and 82° invariant latitude) and

on the dayside of the earth.

1. 4.  Auroral Zone

Auroral phenomena, by virtue of the associated dramatic optical emis-

sions in the sky (witnessed even by Fridtjof Nansen himself), have

been studied since the end of the last century . Energetic particles ,

primarily electrons with energies between 100 eV and 10 keV, bombard the

auroral region, causing a variety of effects including optical emission s

(c.f., Akasofu, 1968; Akasofu and Chapman, 1972), and acoustic waves

detected on the ground at great distances (Wilson, 1967). Currents

flowing along geomagnetic field lines into and away from the auroral

ionosphere (originally suggested by Birkeland in 1908 and often referred

to as “Birkeland currents”) have been recently found to comprise a per—

inanent feature of the auroral zone (lijima and Potemra, in press) with

a total magnitute ranging between 106 and 1O~ A , depending on geomagnetic

activity.

The auroral zone is a continuous oval—shaped region that expands

and contracts in size depending on geomagnetic conditions (Feldstein ,

1966). Nighttime aurora (historically observed most often with optical

instruments) occur most frequently between 65° and 71° invariant

latitude, expanding to lower latitudes during active periods. The day—

side auroral zone is a narrower region centered at approximately 750
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invarient latitude (near local noon) and extends only down to 710

during very disturbed periods.

2. PURPOSE

The unique position of the NDS for studies of AIM phenomena is il-

lustrated in Figure 14.2, which is a map of the north polar region with

the invariant pole and ground—level invariant latitudes A 60 ,

700, and 80° superimposed . The estimated drift path of the NDS is

shown in this figure, along with the location of existing ground—

based magnetometers and ionosondes and those proposed for the Inter-

national Magetospheric Study (IMS) (IMS Bulletin No. 2, 1975; Wi lh jelm

and Frits—Christensen, 1974).

The magnetically conjugate track of the estimated NDS d r i f t  path

is shown in the inset of Figures 14.2. As shown in this inset , s ta t ions

at Casey and Mirny provide ideal locat ions for coordinated conjugate

studies of magnetospheric phenomena such as VLF wave propagation and

micropulsation activity between the north and south hemispheres.

The NDS can be particularly useful as a supplement to the present

IMS program, which is an international cooperative enterprise to be

conducted in l976— J.978. Its chief objective is to obtain a compre-
hensive quantitative understanding of the dynamic processes operating

on plasmas in the geomagnetic field. The operational basis of the IMS
is an international plan of coordinated observations from spacecraft ,
ground—based facilities, aircraft , balloons , and research rockets.

Evident from Figure 14.2 is the fact that almost the entire
U. S.S .R.  mainland and all of Scandinavia are below 70° invariant
latitude. Consequent ly , with the exception of isolated locat ions such
as Heiss Island, there are no land areas in the eastern hemisphere from
which high—latitude (It > 7 0 °) AIM observations can be made of , for
example , dayside aurora , magnetosphe ric cusp, and polar—cap phenomena .
Further , baseline studies of the same phenomena with simultaneous

observations at widely spaced stations are virtually impossible. Satel-

lite observations, which have produced the bulk of the knowledge of
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these regions, can only provide samples at intervals of approximately

100 minutes and at high a 1t1t l~hs (greater than approximately 500 km).

The path of the NDS shown in Figure 14.2 will extend from 70° to 80°
invarLint latitude and be dire~~t Iy across the invariant pole from a

good selcctton of establisked ob*~crvatories in northern Canada and

Greenland (such as Fort Churchill and Godhavn).

For these reasons, the location of the DS offers a singularly

unique opportunity as a platform lor importan t observations of AIM

phenomena . Furth~ rmort~, the background sign~ l leve l s are, in many

cases, redu~ed from those encountered at lower latitudes (~ .g.. i t y

li ght  interference with optica l measurens’nts or pollution layer

e f f e c t s  on e l e c t rh - — f i e l d  o bj e r vat io n s) .  Also , processes n or mdl ly

dependent on the diurna l ~‘iri.itio n of solar r~ di~~t ion (such as ioniz-

ation mechanisms and ae r~ n m v  processes) can be studied during ex-

tended periods of darkness or daylight.

2 .1. Significant Problem s

The most significant problem concerns the mechanisms that convey

energy from the sun thr ough the magnetosphere to the  lower ionosphere

and atmosphere. Specific aspects of this enormously complex problem

include the following:

2.1.1. Substorm phenomena : What is the spatial  d i s t r ibu t ion

of energy deposited by energetic particles (and the associated visual

auroral  emissions and geomagnetic disturbances) during various phases

of substorins ?

2 .1 .2 .  Part icle entry throught the magnetospheric cusp:

Where is the cusp; what pa r t i c le  f l u x  variations occur within it; how

f a r  in local time does it extend in local time; and what are the

var iations wi th geomagnetic ac tivity ?

2.1.3. Convective electric fields across the polar cap and

thei r  connection to the global ionospheric potential: Can separated

ground—based s t a t i c  electric field measurement be used to monitor trans—

polar electric fields and be related to interplanetary phenomena such

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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as the direction and i n t ens i t y  of the interp1anet~iry magnetic field?

2 .1 .4 .  Maintenance of the polar ni ght t ime ionosphere : In

the absence of solar radiation during long polar nights , what are the

important Ionization 3ources?

2. 1.5. dinor species in the polar—cap atmosphere : What 13
the ef f ect of prolonged periods of sunlight or darkness on the abun-

dances of 03 NO , or 02 (
1
A g), for example?

2.1.6. Effects of solar activity on surface weather: Are

particle bombardment of the polar cap, field—aligned current systems

in the auroral region, or polar—cap convective electric fields as-

sociated with major meteorological pa t te rns?

2 .1.7. Upper atmospheric dynamics: What plasma motion s and
wind velocity patterns prevail over the polar cap?

2.1.8. Plasma instabilities: What is the geographic

extent of intense plasma irregularities that develop with the iono-

sphere because of electric fields?
2.1.9. Survey of electromagnetic disturbances in the polar

cap region: Row effective are various ground—based and satellite cam—

inunication and navigation systems from ELF to VHF frequencies in the
polar—cap region; how do a variety of AIM phenomena affect these

systems; and does the vastly different conductivity of deep ice (in

comparison to seawater) significantly a f fec t  the reliability and

accuracy of these systems?

2.2. Coflaborative Experiments

Data obtained from the AIM program of experiments can be used in a

variety of collaborative experiments planned for the Ir.ternational

Magnetospheric Study (IMS) during 1976—1978. Included a~e the ob-

servations from the ground—based magnetometer networks of many inter-

national groups: in Greenland by the Danish Meteorological Institute,

in Europe by the University of Münster and the Technical University of

Braunschveig, in Norway by the Norwegian Institute of Cosmic Physics,
and in North America by several U . S. and Canadian groups.
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3. OBSERVATIONA L P RO G RAM
Act i ve and passive measurement s ~ t v ar i ous  AIM phenomena are  reco~~ ended

as pa rt of the NDS program . A f~ w re mote ~~~~~~~ may be p laced on the

ice at some dist ance from the ship (to reduce background i n t e r fe r e n c e

caused by onboard equipment) with data returned over cables or by a

short—range telemetry system. Some measurements w i l l  r equ i r e  periodic

changes of photographic film or magnetic tapes but otherwise will

f unction continuously and a u t o m a t i c a l l y .  It  i s  expectv d tha t  there

wi l l  b e “planned campaigns” conducted by principa l I n v ’ s t  igators

onboard the NDS , i~ wh ich  case some exp er iments  w i l l  be opera t ed  in

special modes.

The data f rom all A I M  experiments can be re turned in d igit a l  f o r m
to a cent ral da ta—handl ing  f a c i l i t y  for prel iminary processing and

eventual storage on wagnetic tape . The details of the experiment

in terfaces  are discussed in a later section . The variety of ATM in-

struments should be s imi la r  to those used in various Ant arctic resea r h

activities (Report on U .S .  Antarc t ic  Research Activit ies , 197 5 ) .

3 .1 .  Specific Observations and Instruments

3.1.1. Vector magnetometers for continuous measurement of
geomagnetic f ields:  on board requi r ing  special in ter ference  canceling
techniques and remote with te lemetry  link to ship. These instruments

should be similar to those used in various Antarctic programs , for
example, normal low—sensitivity tnagnetograph (Ruska) for  recording H ,
D , and Z., proton precession magnetometer for determination of total field .

3.1.2. VLF receiver for continuous monitoring of phase an d

amplitude of active VLF transmissions from Omega , U . S .  Navy , and U . S . S . R .

stations (for example, NLK near Seattle , Washington, NAA in Cutler ,
Maine) as a monitor of ionization enhancements in the ionospheric D—

region. These transmissions are also useful for radio—propagation

studies over vast expanses of ice .
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3.1.3. Broadband VLF receivers for o:.wrvations of whistlers

and VLF emissions associated with wave—partic le interactions associated

with cusp and polar—cap phenomena.

3.1.4. Riometer to mea sure ionospheric absorpt ion at 30

and 50 MHz on a continuous basis as an indicator  of widespread

pa r t ic le  precipi ta t ion .
3.1.5. Multifrequen cy digital ionosonde to observe Iono-

spheric structure , motions, and temporal variations between 60 and

300 km altitude. Plasma motions and associaLed electric fields in the

ionosphere will also be studied with this instrument. The system

should be similar to the NOAA Dynasonde (Wright , 1q75), which in-

cludes minicomputer programmable flexibility in data acquisition and

on board analysis.

3.1.6. Static electric—field sensor to monitor continuously

geopotential field during all local times and during various geo-

physical conditions. Coordinated measurements should be made with

another station (for example , in Greenland).

By means of portable electric—field sensors (see Chapter 6,

Section 3.1.4) observe field strengths and their secular changes in

the lower 2 m of atmosphere and within the sea ice. Attempts should

be made to detect electrical fields in the water beneath the ice—water

boundary, although the instrumentation is not obvious. Coordinate at

least a systematic portion of these measurements with measurements at

other stations recording electric and magnetic field perturbations.

Test for correlations of electric field strength changes with aging of

sea ice (i.e., electrical potential generated by the freezing process

and migrations of ions in water films within the ice) and with changes

in atmospheric concentrations of ions such as SON. Ice nuclei in the

atmosphere (some of which may originate through bursting bubbles at
the open sea surface, see Blanchard, 1975; Blanchard and Syzdek, 1974;
Schnell and Vail, 1972) should be investigated with regard to seeding

frazil ice In open leads (cf. Michel, 1967; Katsaros, 1973).
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3. 1. 7 .  Al l—sky cameras for 35—~~ black—and—white and color

t ime— lapse photography of aurora .

~.1.8. Photometc rs for continuous monitoring ~~~ weathe r

conditions .ire :avorable) o t  cert ain individua l spectral lini .s, fur

example , 39l-~ .\ . .~27 8 A a t  t a r  m o n i t o r - ul  partic le bombardment,

I . 2 7 — p m  f o r  e s t  m a t  v of 0 ( ) and 0 a b un d a n c e s , 4~~ l A (Ht~) I or
proton aurora , and the red oxygen line at 6300 A.

3.I.~~. Scanning spectrometer :ur detailed stru ctuR e of

optical and IR emisslonc to Iden tif y atmospheric species and processes

during a variety of conditions.

3.1.10. Infrasonic microphones in the range 0.001—1 Hz to

observe acoustic—gravit y waves associated with .ruror.i l activity.

3.2. Frequency of Observations

Continuous observations should be made with the ma~net omeLers , VLF
receivers (ac t ive t ransmiss ions  and broadband emissions), sta tic ele ctric

t i e l d  sensor s , and HF riomi t cr5 .

The m u l t i f r e q u e n c y  ionosonde should be progr amme d for “bac k-

ground observations ” eve ry 5 minutes  to determine eli- t r o n  d e n s i t i t s ,
l o c at i o n s  of la te ral s t r u c t u r e  ( e .g . ,  c usp posi t ion s , e lect ron pre-
ci p i t a t ion  act ivi ty) , and plasma v e l o c i t y .  More intensive observations
should be conducted during act ive  periods.

The all—sky camera observations depend on favorable  weather
conditions during which time exposures will  be automatically made at
15—minute intervals. Dur in g auroral displays , one to ten exposu res pe r
minute should be made.

The photometer and scanning Gpectrometer measurements can be

made during “clear—sky ” conditions when continuous observations can be

made.

In addit ion to the confinuous and automatic recordings , special
intensive campai gns will be conducted , when for short periods of time
(two to fou r months) the principal investi gator will operate the re-
spective instrument in special modes.



-

197

3.3. Personne l

V i r t u a l l y  a l l  AIM ins t rument s  p rov ide  automat i.c d a ta  a c c u mla t i o n  w i t h

a minimum of personnel support required for periodic main tenance  and

rep lac emen t of f i l m  and magnetic tape . It is suggested that  three

electronic technicians provide onboard support for the AIM exper iments

for the duration of the NDS project. Provision should be made for

period ic visits by principal investigators who w i l l  conduc t more in-

tensive observations , for example , coordinated measurement with

observatories located in Greenland , Alaska , Canada, and Scandinavia , or

with rocket and satellite experiments.

3.4. Data Management

Figure 14.3 shows the experiment interfaces for the AIM sensors. The

outputs of all sensors (both analog and digital) will be connected to

a data multiplexer that will establish the data format and comb ine with

time and position data. The outputs of remote experiments (e.g.,

magnetometer observations on the ice at some distance from the ship)

and other automatic geophysical sensors (e.g., acoustic microphones and

temperature sensors) would be fed to the multiplexer.

The digital ionosonde is the only “active ” AIM experiment

(in the sense that the ionosphere is probed with radar pulses) and is

a sufficiently complex system that it requires a minicomputer and

peri pheral equipment (tape recorder , disk f i les , and terminals). The

option exists to accomodate the other AIM sensors within the ionosonde

computer .

The r~ w data , in a “s tandard ” forma t ( i . e . ,  s imi lar  to a

satel l i te  te lemetry f rame ) will  be processed by a redundant  m i n ic o m p u t e r

system that wil l  convert a l l  analog data to a digital format and provide

other low—level processing such as editing and position transformations

(i.e., geographic to geomagnetic).

All data including reference times and geographic position

will  be stored in digi ta l  form on magnetic tape for storage and periodic

t ransference  to the mainland fo r  f u r t h e r  analysis.
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The option will be open to use this system as a satellite track-

ing station to record both TM signals and other signals for possible

• collaborative experiments, for example, observations of ionospheric

scintillations to satellite transmissions in the auroral and polar

region correlated with the AIM observations on board the NDS.

• 4. LOGISTICS
4 . 1.  Movem en t of St af f

Three electronic technicians, who will be relieved during the regular

crew changes, will be required to maintain the AIM experiment for the

duration of the NDS project. Periodic visits of principal investigators

are expected to last for periods of two to four months.

4.2. Needed I nstal lations

The AIM experiments will require two or three environmentally controlled

areas for electronic equipment and maintenance facilities (i.e., in size

comparable with a “standard” laboratory, 20 ft x 30 ft). Deck space

will be required for antenna systems and sensors. One or two antenna

towers exceeding 100—feet height will be required , preferably at the

bow and stern of the ship. An optical port (for example , located in the

roof of a deck house) will be required for the optical measurements.

Storage space will be required for data tapes and electronic equipment.

4 .3 .  Power
Standard three—phase 220—V 60—Hz or 400—Hz primary electrical power will

be required with a maximum load estimated to be 30 kVA.

4.4. Comunications

Periodic communications will be required to keep the AIM experimental

team informed of global geophysical conditions and of the schedules

of other experimental programs . It is expected that a daily report

to the mainland to exchange this information will be sufficient.

4.5. Fli ght Support

The three—man AIM experimental team can accomplish all routine activities

on board the ship and will require transportation only during the scheduled

crew changes (estimated to be four to six months). When possible,
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principal investigators will visit the station for shorter time periods

(two to four months). Data tapes should be shipped on a monthly basis

(consisting of approximately 30 tapes——less than 100 lbs.) by air. Pro-

visions should be made for emergency air shipment of equipment and

supplies.

4.6. Surface Transportation

It is expected that automatic remote sensors (e.g., magnetometers) will

be transported some distance (<10 miles) from the ship and left un-

attended for large periods of time to collect data in a “quiet” location .

No surface transportation from the ship will be required except for

emergency maintenance of a remote sensor.

5. COST ESTIMATES
It is expected that the AIM experiment will extend for four years, divided

into the following three major  phases : (1) system design, test and in-

tegration lasting one year; (2) data acquisition on board the NDS last-

ing for  the durat ion of the d r i f t  (estimated to be two years);  and (3)

data reduction and analysis lasting two years past the completion of the

data acquisition.

It should be emphasized that the total  estimate cost below in-

cludes the entire AIM project with the exception of travel for regular

crew transfers. No capital shipboard equipment such as large platforms

or hoists are needed , nor are special large—scale expeditions on the

ice with helicopter support required.

An estimate of the costs of these phases is as follows :

5 .1 .  Sy s t em Desi g n , Test , and I n t e g r a t i o n

Personnel

Project scientists (physicists, technicians,

draftsmen, machinists, etc.) approximately

9 man—years $ 550,000
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Hardware

(all instruments and equipment to be

purchased from commercial sources)

magnetometers, riometer , ionosonde, etc. $ 500,000

Minicomputer system for sensor inter-

rogation , analog—to—digital data con-

version, and data formating and pro—

cessing , includes shipboard and “severe

climate” quality equipment with

peripheral terminals, line printers,

disk storage, and tape recorders 350,000

5.2. Data Acquisition

Three full—time technicians, expendable supplies ,

test equipment, transportation ($300,000 per year) 600,000

5.3. Da ta Redu ct io n and Ana l y s i s
Senior Scientists, data technicians, computer

programmers , computer time for  two years 500 ,000

TOTAL COST OF 5—YEAR AIM PROJECT $2,500,000
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REMOTE SENS ING
1. BACKGROUND

The remote sensing problems encountered by the scientists involved in

the Nansen Drift Station (NDS) are primarily associated with determining

the characteristics of the different varieties of sea ice. The reason

for this is simple——the vast majority of the area of the Arctic Ocean

that will be traversed by the NDS is covered by a dr if ting ice cover

that is nearly continuous even during the summer. This ice cover ef-

fectively acts as a filter in that it greatly limits our “v iew” of the

ocean from remote sensing platforms that operate above the ice as well

as our “view” of the atmosphere from pla t f orms opera ting below the ice.

The forma tion of leads , of course , provides “windows” throug h the ice

cover. The views through these windows are , however , restricted by the

limi ted areal ex ten t of mos t leads , which in many cases are smaller

than the footprint size of many sensors. Also , leads commonl y rema in

open f or only shor t per iods , being closed ei ther mechani ca l ly  or via

the formation of thin skins of new ice. In fact , purely oceanographic

remote sensing will undoubtedly be primarily limited to observations of

the thermal and optical characteristics of the waters of the continental

shelves north of Siberia and of Svalbard and Greenland dur ing the summer-

time periods when the NDS is entering or leaving the pack.

The remote sensing of sea ice is a young field , if the occasional

hand—held aerial photograph taken for illustrative purposes is excluded .

• The first sonar records of the roughness of the underside of pack ice

date from the late 1950’s; preliminary attempts to obtain and interpret

thermal infrared (IR) and side—looking airborne radar (SLAR ) imagery

were made in the early 1960’s; research in the interpretation of multi—
spectral sea ice imagery in the visual and near—IR frequency ranges

dates from the late 1960’s and was primarily initiated to provide back-
ground for the launch of the LANDSAT series of satellites; the first

205
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laser profilometer observations of tile surface roughness of sea ice were

made at about the same time ; and the first high—quality passive micro-

wave data from sea ice was obtained in the spring of 1970 from north of

Point Barrow. Details about , and ref~ rcnces to this “early ” work can

be found in the papers of Campbell et ci. (1975), Hibler (1975), Page

and Ramseier (1975), Poulin (1975) , and Williams c t  al. (1975). The

great majority of these studies were concerned with verifying the inter-

pretation of the resulting imagery . Good on—the—ice ground—truth studies

were , and still are, quite rare , and verificat ion usually consisted of
comparisons with simultaneous visual photography . Also , remote sensing

observations were commonly sufficiently isolated in time that they pro-

vided little insight into sequential changes in the nature of the ice

cover. In summary, most of the early remote sensing could be character-

ized as being primarily remote sensing for its own sake, in that it was

no t as ye t foc used on impor tant problems and d id not con tribu te signifi-
cantly to our understanding of the physical nature and behavior of sea

ice.

However , once these preliminary studies had demonstrated the

capab ili ties of presently available remote sensing technology as app lied

to sea ice , it became possible to utilize these techniques as essential

parts of larger integrated studies of the subject. These possibilities

were explored dur ing both the 1971/1972 AIDJEX Pilot Studies and the

BESEX program, where passive microwave techniques were used to classify

ice types (Cloersen et al. , 1973 , 1974a; Campbell et ci. , in press);

de tailed ground—truth observations were made in an attemp t to formulate

physical models for interpreting the microwave results (Meeks et al..,

1974); methods were developed for estimating ice thickness dis tribu tions
from both ER observations (Gloersen et al., 1974b) and from surface—

roughness measurements (Ackley et al., 1974); and remote sensing imagery

was used extensively in the study of ice dynamics (Hibler et ci., 1973 ,

1974a; Campbell et ci., 1974). Although the aLove studies were primarily

based on imagery collected by aircraftborne sensors, the applica tion of
satellite—based systems to similar types of problems also progressed

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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rap idly during the same time period . Of particular interest here are

the studies that have utilized satellite imagery in quantitative In-

vestigat ions of ice drift and deformation both near to and far from

shore (Hibler et a l . ,  1974b , in :~ress; Nye , 1975; Shapiro and Burns,

1975; Ruthrock and Hall , 1975).

In the main AIDJEX program , which has recently been comple ted , an

attempt has been made to utilize this experience in designing a program

that couples remote sensing with surface measurements to expand our

knowledge of ice dynamics within the Beaufort Gyre (Weeks et a?., 1974;

Weeks and Campbell, 1975).

The remote sensing program developed here is in some ways similar

to the AIDJEX remote—sensing program. This is hardly surprising in

that the general ice—related problems being investiga ted are similar

in both projects. There are, however , striking dif ferences  in tha t the

NDS research program is much broader in scope than the AIDJEX program.

In addi tion , much of the NDS drift track is out of effective range of

large aircraf t such as the NASA Conva ir 990 , which was a main element

in the AIDJEX program. Therefore , the NDS progr am must rely heavily

on data collected from satellite platforms and from small aircraft and

helicop ters tha t can be based ei ther from the drif ting pla tform itself

or from the surrounding ice.

2. PURPOSE
The NDS will be frozen into the pack ice of the Arctic Ocean north of

the Lena Delta and will then drift past the North Pole and exit from

the pack via the East Greenland Dr i f t  Stream . During this drift , the

NDS will transit the complete length of the Trans Polar D r i f t  Stream ,

which is the major ice dynamics feature In the Arctic Basin. During

the time that it takes for th is  t ransi t , the young , saline, light ly

deformed ice of the Siberian Shelf will be gradually transformed into

the thick , low—salinity,  highly deformed ice that is observed exiting

the Arctic Basin east of Greenland . Inasmuch as the NDS will move with

the ice, it will serve as an excellent platform from which both the
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dynam ics and the me tamorphism of the ice can be s t u d i e d .

As described in the ice physics and engineering pr ogram , (Chapter 13),

it is proposed to deploy data buoys around the NDS in two rings with

radii of 100 and 200 km. Within these buoy rings there will be a more

de ta iled deform at ion array u t i l i z i n g  radar t ransponders  and sonar buoys

located up to 40 km from the ship. The princi pal task of the NDS re-

mote sensing program is to provide quantitative Information on the

s ta te  of the ice pack wi th in  the r ing of data buoys and particualarly

within the area covered by the radar transponders. The specific data

that are required are those necessary for  modeling the behavior of the

ice and allowing de tailed compar isons to be made be tween the es t ima ted

ice behavior and the actual observed behavior. In accomplishing this ,

four d i f f e r en t  types of remote—sensing information are required :

2 . 1 .  S e q u e n ti a l  t inagery Tha t Can be Used in Conjunction with

the Movement of the Data Buoys and Radar Transponders

to Define the Ice Dr ift and Deformation Field in Con-

siderable Detail

This is important in advancing our understanding of the geometry of the

large—scale deformation processes that occur within the ice pack. Of

particular interest here are the chang ing pa tterns of leads and of

recen tly deformed ice as well as the homogeneity of the deformation as

viewed on different scales. Also of interest will be contrasts between

the tectonic style of the ice deformation within the Trans Polar Drift

Stream as exar..ined by the NDS program as compared with the ice behavior

within the Pacific Gyre as inves tigated by AIDJEX .

2.2. Direct Measurements of the Ice Thickness Distribution C

To estimate C, one must be able to obtain accurate estimates of the

areal p t r .n t a g e  of ice of different thicknesses within the study area .

Of part i u ~ ar interest are estimates of the amount of thin ice and open

wat -r pr~- s t n t  i t  any given time . It is currently believed (Thorndike

e~ 1.’ ., 1~~’) that the ice thickness distribution is the most important

sing!. parameter iitrol ling the rheological response of the ice pack
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to the external forces that are imposed upon it. However , if C is known

at one instant in t ime , the changes in the thickness distribution caused

by mechanical and thermodynamic effects can be calculated . Therefore ,

one needs to measure G only occasional ly  in order to i n i t i a l i z e  and

ver i f y such calculat ions.  This is f o r t u n a t e  because good es t imates  of

C are d i f f i c u l t  to obtain for the wide expanses of Ice tha t  are  oh in-

terest here. A considerable portion of this difficulty is caused by

the fact that there currently is no simple direct method for determining

- the thickness of sea ice via remote sensing techniques.

2.3. Direct Distribution of Ice Types w ithin the Study Area

as well as the Physica l State of Each of These Types

Valuable informat ion on the nature of the ice in any given area is pro-

vided by knowing its thickness (i.e., the C function). In addition , it

is useful to have independent methods for estimating ice age and pro-

perties. Of particular importance in fixing the ice properties are

information on its age , salinity,  and temperature .

2 . L+ .  Top and Bottom Roughness of the Ice Pack

Accurate estimates of the pertinent roughnesL parameters are required

if one wishes to calculate the wind and water stresses that are trans-

mitted to the ice pack. It is to be expected that significant changes

in the top and bottom roughness of the Ice pack will occur from the

time that the ice first forms over the Siberian Shelf to the time when it

exits from the Arctic Basin via the Greenland Sea, Also of Interest is

the modification of existing ‘~oughness elements during the summer melt

season.

2.5. Contributions to Other NDS Projects

The NDS remote sensing program will clearl y contribute d i rec t ly to the

use of remote sensing techniques via a i r c ra f t  and satel l i te  p la t fo rms

to study sea ice. It will be particularly helpfu l  in bridg ing the

gap between present research—oriented pfograms and future operational

ice forecasting operations. The program ~I1l provide da ta  tha t  are
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needed to ch a r a ct e r iz e  the ice w i t h i n  the  buoy and the radar transponder

deforma t ion arrays and , as such , will serve as input to various numerical

models for the ice behavior .  The development and v e r i f i c a t i o n  of such

models is , of course , an essentia l par t  of improving both short— and

long—term meteorological  models for the polar ocean areas and for

developing formal schemes for  opt imal  Ice forecasting and ship routing

through regions of heavy pack Ice. The data  w i l l  also c o n t r i b u te  to

the t r ans fe r  of our knowledge of large—scale  geophysical fo rces  w i t h i n

the ice to the predict ion of the small—scale forces  t h a t  the ice ex e r t s

on man—made s t ructures  such as ships and o f f s h o r e  p l a t f o r m s . This  in-

formation is badly needed by engineering groups designing structures for

arctic operations .

The remote sensing program also contributes directl y to a ~‘arietv

of programs other than the ice program. For instance , the  a t t e n u a t i o n

of underwater sound as a funct ion  of range is believed to be s t rongl y

dependen t on the roughness of the underside of the ice along the sound

track. This bottom roughness is a parameter that can be estimated from

laser profiles of the upper ice suface. Also , ice deformation (cracking

and ridge formation) is generally believed to be the major source of

ambient underwater noise in the Arctic. To forecast these noise levels ,

the development of an operational ice deformation model is required . In

operating an ice—deformation model , remote sensing dsta on the ice

thickness distribution will be required . This same information will be

needed by the biologists in their attempts to model primary production,

inasmuch as submarine illumination is largely controlled by the ice

thickness distribution . Good ice information is also needed by the

oceanographers and the meteorologists as the mixing processes in the

near surface layers of the ocean are to a considerable extent caused

by the pronounced convection produced by rapid ice growth and salt

rejection in newly formed leads and by the mixing that is caused by

the motion of pressure ridge keels through the near—surface waters.

Coupled with these oceanographic processes are the fluxes of heat and
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moisture into the atmospheric boundary layer from the warm water that

is exposed in leads. Aga in , to develop any adequate model for t h e

modification of air masses moving over ice covered waters , a good Ice

model is required . The remote sensing program will provide necessary

input into such an effort. Even the estimat ion of the wind and water

stresses exer ted on the drifting ice cover requires remote sensing in-

formation , inasmuch as the form drag associated with the presence of

ridges is currently believed to be more important than the stress ex-

erted on the more extensive areas of relative ly undeformed ice. Finall y,

the proposed DMSP station (see below) for the NDS will not only provide

invaluable information on ice dynamics but will also contribute data on

the heights (and temperatures) of the stratus cloud systems that are

common over the Arctic Ocean. Valuable information (aurora photographs,

particle precipitat ion data) of use to the upper—atmosphere program

can also be obtained. The real—time DMSP imagery would also be avail-

able on board ship to assist in making the weather forecasts that will

be required by aircraft operations.

3. OBSERVATIONAL PROGRAM

3 .1. Constraints

There are two types of constraints that must be kept in mind in designing

a remote sensing program for the NDS. First , it is important to utilize

inst ruments that are effect ive under the extremes of lighting and weather

that can be expected in the Arctic. At the high latitudes along the NDS

track (commonly >80° N ) ,  continuous sunlight occurs during the summer ,

continuous darkness during the winter , and transition periods in between

(f or instance, at 80° N the sun is continuously above the horizon between

April 13 and August 30 and continuously below it between October 17 and

February 22). Also , during the sununer and fall, low stratus clouds and

fog are commonly present over the pack. Therefore, sensors requiring

na tural  illumina t ion such as standard photography cannot be utilized

during the arc tic night and should be replaced by [R imagery . In add ition .

both visual and IR systems are ineffective in the summer . It would , of
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course, be desirable to be able to utilize only all—weather systems such

as passive microwave and SLAR . However , the imagery t ha t  can be obta ined

by the all—wea ther systems does not fully substitute f r  the results

that can be obtained by the weather—limited systems. In most cases a

compromis e must be struck in matching requi red resol ut ion , l ighting ,

and weather.

The second constraint is caused by the extremely remote location

of the drift track. Unless arrangments can be made for refueling at

locat ions in nor thern Siber ia , much of the drift track will be beyond

the range of all but very long—range aircraft. Also , even if an air-

craft can reach the drift station , it would have only a very l imi ted

time available for data collection over the station . Therefore , in

designing a program , we will assume that most of the airborne remote

sensing will have to be carried out from either the two helicopters that

will be based on the ship or from a STOL aircraft based on t1’~ ice near

the ship. The remoteness of the drift track also affects data collection

from satellite—borne sensors, inasmuch as while the satellites are over

the target areas , they wi l l  be out of range of ex i s t i ng  r e a d o u t  s t a t i o n s .

This means that the data will commonly have to be recorded for later

p layback to a ground station. Whi le  this is certainly possible , it does

require considerable planning , effort and cooperation by the agency that

collects and processes the satellite data. Also, many satell ite orbits

are such that high—latitude locations are not covered .

3.2. Satellite-based Prog ram

Considering the large t racts  of ice that will lie within the outer buoy

r ing,  the development of an adequate satellite program is essential.

Inasmuch as we do not know the exact deployment dates of NDS at the

present t ime , or the exact sa telli tes tha t will be opera tional dur ing

this  period , we can only discuss a satel l i te  program in a general way .

It currently appears that there will be five satellite series that

could be useful  to the NDS program : LANDSAT, SEASAT , the Defense

Meteorological Satellite Program (DMSP), and the NOAA and Nimbus satellites .
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The multispec tral imagery col1t ~cted by LANDSAT provides an excellent

base for stud yin g lead and ~1oe geometry and the distribution of strain

within the pack. It can also be used t .  assist one in estimating the

ice thickness distribution if supplementary surface observations are

systematically made. The scale of the imagery is nearly ideal ( 1 :106),

the resolution is quite high (80 m), and the image is cartographically

correct. LANDSAT does , however , have two major drawbacks in its ap-

plication to NDS. First, no sea Icc data can be obtained during dark

or cloudy periods. This means that we can expect good LANDSAT imagery

only during the la te win ter to early summer , with limi ted da ta also
being obtained during the fall. Second , the LANDSAT orbit is such that

imagery is not obtained from latitudes higher than 81° N. This is a

major res t r ic t ion  because much of the proposed drift track is north of

this la t i tude .  Nevertheless , LANDSAT can provide valuable imagery

during both the in i t ia l  and the f i n a l  segments of the d r i f t .  This

imagery should be most u s e f u l  in providing informat ion on the behav ior

of the ice in the marg inal seas of the Arctic Ocean. After all , it

is the ice conditions in the marg inal seas and the in terac tion of this

ice wi th the main polar pack tha t are of pr inci pal importance In most

applied problems at present. Even in these marginal seas there are

potential problems because some of the areas of interest are ou t of
range of existing ground stations making direct readout impossible.

Therefore , extensive use will have to be made of the satellite ’s tape—

recording capability with a data dump when the satellite is over a

ground s tat ion.  It should also be noted that in the past the LANDSAT
tape recorder systems have been plagued with a number of pr oblems , and
their failure ra te has been hi gh.

These requirements f or tape recorder time should be formulated as

soon as possible and steps made to include the NDS program in current
NASA planning. Fortunately , there is a strong possibility that a Scan-

dinavian LANDSAT receiving station will become operational sometime in

1977. The proposed site of this station is ideal (Troms~ , Norway), in
that it would allow direct readout of imagery during the final segment 
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of the NDS drift and remove the hazard of relying on an operationa l

tape recorder on board the satellite. A request should also be made

recommend ing that NASA include a very—high—resol ution IR sensor on

future LANDSAT vehicles. This would allow imagery to be obtained during

the dark periods.

SEASAT—A, which is scheduled to be launched in 1978, also car r ies

sensors of interest to NDS. Of particular importance is the Synthetic

Aperture Radar (SAR) , which  is expected to have a surface resolution of

25 m and Is not limited by light conditions or by clouds. The magni-

tudes of SAR returns are a function of the dielectric properties of

the ice and the roughness of the ice—air interface. Therefore , SAR

can be used to show lead and crack patterns , areas of deformed ice ,
and floe shapes during all periods of the year . SEASAT will also carry

a ScannIng Multichannel Microwave Radiometer (SMMR) . This system

will also provide all— time information on lead patterns ; ice type

identification; and percentages of open—water , first—year , and multiyear

ice. There are , however , two major problems associated with SEASAT ’s

possible contr ibut ion to the NDS program . First , its planned orbit  will

allow only the acquisi tion of da ta at latitudes lower than 75 0 N. If

this orbit is not modified , the NDS track and SEASAT coverage will be

mutually exclusive. Recently , it has been suggested to NASA that the

SEASAT orbit be modified so that data could be collected up to 800 N.

If this orbit change is made , SEASAT will , as will LANDSAT, be able to

contribute valuable information on the state of the ice in the marginal

seas of the Arcti ’ Ocean and over the initial and final regions of the

NDS drift track.

The second problem relates only to SEASAT ’s SAR system. The data

production rate of the L—band SAR system that will be flown on SEASAT

is so large that It is beyond the capability of the on—board tape re—

corders. Therefore, SAR imagery can only be obtained when the satellite

is within range of a ground receiving station . At these high latitudes, 
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present receiving stations will allow SAR imagery to be collected only

north of eastern Siberia and the Alaskan Northslope. When the planned

LANDSAT receiving station for Troms6, Norway, becomes operational in

1977, it is possible that its capabilities may be expanded so that it

would also receive SAN data from SEASAT. This would then make SAN

imagery collection possible for large areas of the Greenland , Barents,

and Kara Seas. Of particular importance would be the possible coverage

of the complete East Greenland Drift Stream in the region where the NDS

is expected to exit from the ice.

To summarize the above , both SEASAT and LANDSAT should , if proper

arrangements are made, be able to provide valuable imagery of the Ice

conditions along the i n i t i a l  and f ina l port ions of the NDS track, as

well as of the ice in the marginal seas of the Arctic Ocean. This

will be useful, and arrangements to make this possible should be in-

itiated as soon as possible.

However, what the NDS program actually needs is real—time , all—

wea ther imagery over the complete drift track. There are two satellite

series that can partially provide this type of coverage: DMSP and

NOAA. The imagery produced by these satellites is somewhat similar

(both visual and thermal IR), w~.t:~ DMSP being preferable because of

higher resolution (0.5 km versus 1.0 kin) and an appreciably less dis-

torted projection. Also, the DMSP system has a wide variety of special

image processing options that  are par t icu la r ly  useful  in the study of

sea ice in that they can reveal subtle changes in the lead systems with

great defini tion (Dickenson et aZ., 1974). For both DMSP and NOAA , the

satellite data—receiving systems are such that they could be installed

direc tly on board the NDS. This is particularly true of DMSP, which

comes in a portable van . In fact, the effective operation of such a

shipboard satellite receiving station during the NDS drift would be the

most impor tan t single componen t of the r emo te sensing program in tha t

it would p rovide a real—time capability of examining the ice and meteor—

ology in the central Arctic Basin during both the light and dark periods.
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During most of the high—latitude (>80° N) por t ions of the drif t track ,

there would be a potential of over 40 satellite passes overhead per day.

This would allow the station operators to select only the best tracks.

Also, the ability to have the original imagery immediately available
on the drifting platform would greatly enhance its usefulness, particu-

larly as related to a variety of operational problems.

Unfor tuna tel y,  the ice observations possible via either the DMSP

or NOAA systems are limited by the presence of clouds. This drawback

can , to some extent , be obviated by utilization of the imagery that will

be collected by the Scanning Multichannel Microwave Radiometer (SMMR)

tha t is sched uled to be f l own on Nimbus C. Th is sys tem, whi ch is
similar to the SNMR on SEASAT, will take measurements in five spectral

bands wi th ten channels (be cause of dual polarization) in the wave-
length region between 0.8 to 6 cm. The spatial resolution of the

elliptical footprint varies between 26 and 144 km depending on the

frequency. The important advantage of the Nimbus C system over that of

SEASAT will be caused by the fact that Nimbus G will be launched into a

polar orbi t, thereby permitting its SMMR to image the complete NDS track.

These data will not be required on a real—time basis. However , if inter-

esting features appear on the imagery that  could be investigated by the

staf f  on the drif t station , the processed imagery could be flown to the
ship on the nex t resupply f l ight. Again, arrangements should be ini tia ted
to assure rapid transmittal of the SMMR imagery to the NDS project office

• and then to individual investigators.

3.3 . Land-Based Aircraft Program

Because of aircraf t range limi ta tions , the development of an effective
land—based remote sensing effort during the first part of the NDS pro—

gram would undoub tedly require aircraft to refuel in Siberia. For

instance, the operational range of the NASA 990 on its arctic flights
is approximately 4600 km (5 1/2 hours at 832 km/hour). Assuming that a

minimum useful mission would require one hour over the drift station,

the maximum distance between the NDS site and the 990’s base reduces

~

. -

~

-

~

- ..-• -— • —-.--~- •  ~~~~~~~~~~~~~



- • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~•-~~~~~~~~~~~~~~~~~~~~~~~ -~~~ -— -- •-
~~~~~~~~~~~~~~~~~~~~~~

217

to 1872 km (assuming the aircraft returns to the same base). The

distance between Fairbanks and the start of the drift is, however , 2880

kin; between Fairbanks and Tromso, Norway , 4995 km; and between Fairbanks

and Svalbard , 4100 km. Although such refueling arrangements are un-

likely, they should be exp lored. For instance, it might be possible

to arrange a joint U.S./U.S.S.R. remote sensing program , such as the

highly successful BESEX program , that would permit the U.S. and Canadian

planes to refuel. Assuming a refueling capability , a variety of large

research planes such as the NASA 990. the NCAR Electra , and the Canadian

Department of the Environment C—l30 migh t par ticipate.
Even if a land—based aircraft program cannot be arranged for the

f irst par t of the drif t track , it can defini tely be arranged for the

latter par t, inasmuch as the last two third s of the track are with in

easy aircraft range if the aircraft is based out of Svalbard. A land—

based aircraft program would allow the collection of very—high—resolution

SLAR , microwave, IR , and visual imagery and allow an effective link to

be made between shipboard ground—truth observations and the satellite

imagery. However, it should be remembered tha t even a t bes t, such f l ights

would only be available during selected short periods. The f l ights  should ,

if at all possible , be scheduled to examine the state of the ice cover

during different representative times of the year (late winter , freeze—

up, melt season). The flight paths should be arranged so that the data

can make a maximum con tribu tion to the sa tellite program and coup le

with the work in ice physics, which can read ily provide gro und truth on

a variety of problems.

In addi tion to these pure remo te sensing f l igh ts, valuable da ta

can be co lected by mounting selected instruments on the C—130 resupply

aircraft. The principal problem here would be to modify the aircraft

so that suitable instrument parts are available. This clearly will take

considerable lead time. One useful experiment that could be carried out

on the resupply f l ights would be the collection of long ice—roughness

• profiles (via laser) along possible sonar propagation paths between 
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NDS and land—based receiving stations. Other useful information would

be the collection of simultaneous microwave and IR profiles along long

tracks in the Arc t ic Ocean . Such f l i ghts should concentrate on pro-

viding information on ice that is beyond the range of NDS—based heli-

copters. Utilization of these resupply f l i gh ts is advan tageous in tha t

they wil l  be made on a reasonabl y regular basis (every one to two months ,
excluding the summer) and wil l  ass ist in bridg ing the long temporal gaps

that might occur between land—based pure remote sensing flights.

3.4. NDS-Based Helicop ter Program

At present , the only a i r c r a f t  that  are scheduled to par ticipa te in the

NDS remo te sensing program are the two hel icop ters tha t wil l  be based

on the drift station. Helicopters are hardly ideal p la tforms f or such

work because of vibration problems and limited space. Useful compact

instrument packages would include camera systems, which could be mounted

comple tely externa l to the cabin , a laser pr ofilome ter , an IR profiler ,
a pulsed radar for measuring ice thickness , and a multispectral micro-

wave prof iler. Because of space limitations , all of these systems

could not be operated simultaneously . The systems would also have to

be removed f rom the a i r c r a f t  so tha t  f re igh t  loads and equipment  for

other projects could be handled . Therefore, considerable thought should

be given to the packaging of the sensing systems so that  they can be

rapid ly  ins ta l led  in (and removed from) the helicopters. Because of

their l imi ted  range , hel icopters  are only useful  within a radius of

dpproximately 160 km of the base s ta t ion;  i . e . ,  they would be e f f e c tive

onl y w i t h i n  the inner ring of data buoys.  Sets of remote sensing f l i ghts

should be completed at least once a month . It should also prove possible

to obtain much of the needed remote sensing data dur ing f l i g h t s  that

are made for other projects , for  example , dur ing aeromagne t ic surveys ,
grav i ty  traverses , or buoy maintenance  and repair f li i ’h t s .  Again , to

do this the ins t rumenta t ion mus t be as compact and as portable as

possible. This is not necessarily difficult , but it does take t ime.

Also, lead time is required to install instrument ports in the heli—

I,
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copters. The principal drawback in the helicopter program Is tha t the

data collected will , with the exception of the photography, all be pro-

file as opposed to areal coverage. Because of the larger space re-

quiremen ts of scanning sys tems , it appears unlikely that they could be

accommodated in the helicopters.

There is some possibility that a STOL aircraft such as a Twin Otter

would be based on an ice runway near the drift station during part of

the field season. Such an aircraft provides a much more desirable

• remote sensing platform than does a helicopter. If this occurs , plans

should be modified to use it as much as possible in the remote sensing

program. Its longer range would also permit remote sensing flights to

be extended to the outer array of data buoys.

3.5 . NDS-Based Ground-Truth Program

It should be easy to develop an excellent ground—truth pr ogram for

remote sensing. This would primarily be carried out by the investigators

running the ice physics studies , inasmuch as much of the needed in-

formation is required by both groups. For instance, a knowledge of the

tempera tures , compositions , internal structure , electrical properties ,

and surf ace topograp hy of the various identifiable ice types that occur

wi thin the buoy array would be h ighl y desirable . Also , calibrated sites

and tracks can be laid out to ver if y the results of the pulsed—radar
ice thicknesses determinations and to act as controls in the estimation

of ice thicknesses via IR measurements and in developing methods for pre-

dicting bottom topography from surface topography . In addition , a ser ies

of time—lapse photographs should be taken of the Plan Position Indicator

(PPI) display of the ship ’s radar. This will provide a continuous record
• 

- 
of the formation of leads in the near vicinity of the ship and will con—

tribute to the interpretation of the radar transponder and sono—buoy ice—

deformation array located within 30 km of the ship.

3.5. Frequency, Time s , Schedules
Satellite imagery should be obtained as of ten  as possible. The exception

to this is the DMSP program wi th  its large number of possible satellite
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passes per day. In this case , the best combinations of orbit and sensor

should be selected so that two images per day are obtained . Additional

images could be acquired as needed.

In the land—based aircraft program , the f l igh ts should be

spaced so that interesting and representative conditions are sampled.

For examp le , fligh ts should be scheduled during the peak of the melt

season , the freeze—up and the winter or early spring. If observations

are made from the resupply flights , these will occur at either one—

or two—month intervals , whi ch is cer ta inl y adeq ua te f or samp l ing changes

that occur with season.

The helicopter observations should be made monthly, wi th the

sched ul ing arrang ed so tha t a max imum amoun t of remote sensing in-

formation is collected on flights that are required for other purposes.

Spec ial fl igh ts could , of course , easily be arranged as needed .
The remote sensing program would continue during the comple te

lifetime of the NDS experiment.

3.7. Personnel Required

It will take a minimum of fo ur peop le to operate the DMSP station if

it is placed on the NDS. These people should be extremely capable

elec tronics technicians, who could also assist with instrument pro-

blems that are encountered during the operation of the helicopter—

based remote sensing program. The main responsibility of the helicopter

program would be handled by an inves tiga tor , who would also assis t w ith

the ice physics program.

Da ta analysis would require roughly fo ur addi tional people f ull

time , bo th during the period of ice dr if t and for one year af ter the
completion of the field program .

3.8. Data Management

The main problem in th is area is the d i f f i c ul ty in repr oduc ing a large
number of duplicate copies of the map—type imagery . This should 1 rob—

ably be handled by a large processing labora tory as soon as the
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original copies of the imagery are returned to the United States via

the resupply flight. Copies of the images and duplicates of the data

tapes would then be sent to principal investigators as required .

4. LOGISTICS
4.1. Movement of Staff

Personnel will have to be rotated on a schedule arranged so that conti-

nuity of staffing is maintained. The details of the scheduling would ,

of course, depend on the spacing of the resupply flights. Three months

is probably a useful residence time on the station (efficiency usually

declines after three months).

4.2. Needed Installations

The DMSP ground station comes in a portable trailer that can be in-

stalled directly on the ship ’s deck. It may prove advantageous to “de—

van” the equipment and place it in two rooms on the ship. This would

not be di f f icult, but it would take a month or two of work to complete.

It will also be necessary to install a DMSP tracking antenna on the

ship. In addition , a small (4 in x 4 in) refrigerated structure should

be placed on the deck for use as a coldroom by the ground—truth group .

4.3. Power
The DMSP van has its own power unit, but it would be advantageous to

opera te off  the ship ’s power. The exact power requirements are presently

unknown.

4.4. Comunications

No special communications problems are anticipated other than to note

that good radios that would allow contact between the ground—truth

parties, the helicopters, and the ship would be necessary.
I~.5. Flight Support (Helicopter)

Extensive helicopter support will be required for shipboard remote

sensing. For planning purposes, we will assume that six each 125—kin—

long f l ight lines arranged in a hexagonal pa ttern tha t radia tes out
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from the ship will comprise the remote sensing f l igh t pattern . Assuming

tha t a given hel icop ter f l ight can travel 400 kin, each mission wou ld

cons ist of a 125 km leg out , a 125 km outer segmen t of the hexagon ,
and 125 km leg home , wh ich would comple te a 60° triangular por tion of

the hexagon. Three such triangular flights would comprise the monthly

remote sensing series with an estimated total of ten flight hours . If

two hours of helicopter support are added for ground—truth studies ,

this gives a minimum total of 12 hours of helicopter flight time per

month.

4.6. Surface Transportation

A small, tracked vehicle will be required by the ground—truth party.

At least two small snowmobiles would also be desirable.

4.7. Vo l ume of Equ ipmen t

The major item will be the DMSP van , which is the size of a small house—

trailer. Additional equipment needed for the helicopter and ground—

truth programs is es timated to have a cube of 20 m3 .

5. COST ESTIMATES

The cost of deploying the DMSP unit aboard the NDS is unknown . There

are operational DMSP groups in both the Navy and the Air Force. It

is possible that the DMSP support can be arranged at little cost to

the NSD program with the exception of salaries (a value of $50,000/man

year will be assumed).

DMSP station (4 man—years) $200,000
Helicopter remote sensing (1 man—year)  50 ,000
Ground t ruth (3 persons for  2 months/year)  25 ,000
Travel and freight 30,000
Data analysis (4 man—years) 200,000 =

TOTAL COST PER YEAR $505 ,000

Cost assuming 2 years of opera tion plus
1 additional year of data analysis $1,210 ,000
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LOGISTICS AND OPERATIONS
1. Introduction

The NDS project is expected to be based on a WIND—class icebreaker,

The ship will depart from the United States west coast and , under

its own power, proceed to the beginning of the drift track. At this

point, the propulsion plant will be shut down and the ship will drift

with the ice.

The ship will keep its life—support systems running and thus pro-

vide a safe platform for scientific activities on board . Also, it

will provide support for scientific activities for permanent and

temporary field camps on the ice at some distance from the ship.

Logistics support will be required for research in a number of

scientific disciplines. A preliminary statement on support require-

ments is given in Chapter 6—15.

2. Significant Problems

A WIND—class icebreaker cannot be used for this project in its pre-

sent operating configuration. The ship ’s fuel capacity is not suff i—

cient for remaining passive in the ice, even if the propulsion system

is inactive. Also, the capacity for carrying aviation fuel for ship—

based support aircraft is not sufficient because the standard rotary—

wing aircraft that are commonly used for supporting icebreaking activities

are smaller aircraft that require significantly less fuel than the air-

craft to be used for supporting the NDS project.

The standard icebreaker has only limited space for supporting

oceanographic activities and thus does not have sufficient space for

most of the proposed scientific activities.

The icebreaker , however, can be modified to accoms~udate the NDS
program. A feasibility study for the conversion of the ship was in-

itiated in mid—February 1976. The study will yield cost estimates for
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the necessary modifications and also a basis for specifying detailed

design changes and shipyard work.

A significant problem is timing. The submission of eng ineering

change orders for the ship work must precede the scheduled departure

of the shi p from the Uni ted States wes t coas t por t by abou t 14
months. Assuming normal ice conditions , the only time of year tha t
the ship can commence its passive drift in the northern Laptev Sea

is Sep tember or early Oc tober (see time table , Chapter 4).

3. Logistics Planning
A detailed planning process for the NDS project should commence as

soon as a decision has been made to provide basic operations funding

for the project. Individual proposals for the various science discipl ines

should be submitted soon thereafter .

A preliminary f ield operations plan , along with cost estimates for

the opera tions and f ield supp or t , should be prepared when the individual

proposals are submitted . Certain changes of the operations plan will

become necessary as the scientific program develops.

4. Operations
4 . 1 .  Deployment

The Burton Island is the icebreaker that will probably be assigned to

the NDS project . She is presently homeported in Long Beach, California.

It is assumed that the modifications to the ship will be made on the

west coast. The shipboard scientific equipment should be installed at

the yard , and the rest of the scientific and support equipment should

be loaded on the ship at the departure point. The first scientific

crew should embark at the same point, since the ship will no t make port

calls along the coast, with the exception of Dutch Harbor in the
Aleutian Islands, where fuel will be taken on. The ship will continue

to the Laptev Sea before freeze—up and program GP—l of the marine

geophysics and tectonics program (see Chapter 6). Upon completion of

thesc activities, it would be desirable to have all fuel tanks topped

~
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off by another icebreaker before the ship is inser ted in the ice a t

approx imate ly  78 .5 ° N and 137 ° E .

4 .2.  F i e l d  O p e r a t i o n s

Once the ship has gone into a passive status in the ice, the opera tions
away from the ship can commence. Small field camps will be constructed

on the ice pack as required. The permanent camp structures should be

mod u lar , pr efabr ica ted , collapsible, and transportable by helicopter .
The temporary camp structures should be of any suitable frame—and—

canvas type. The outly ing camps will be supported by ship—based rotary—

wing a i r c r a f t .  It is assumed that a fixed—wing STOL a i r c ra f t  wil l  be

based near the ship. These aircraft will support activities that are

far ther away from the ship and ou tside the helicop ter ’s range limits.
The fixed—wing aircraft cannot follow the ship continuously during

the drift. Ice and runway conditions will dictate the fixed—wing air—

craft availability . From previous experience one can assume that fixed—

wing support can be obtained before darkness in the fall and after sun—

rise until surface melt begins in the spring. Limited fixed—wing support

may be possible by small a i rc ra f t  during the summer seasons.

4.3. Support Personne l

It is anticipated that a greatly reduced U.S. Coast Guard complement will

opera te the ship , and a contractor will operate the support aircraft.

A chief scientist and a manager of field operation will be on

board the ship at all times. A number of experienced support personnel

to construct and maintain remote camps and assist the various research

groups in specific tasks will be provided.

4.4. Crew Rotation

Since the ship will be some dis tance from any poin t in the Un ited

States or Canada during the f i rs t year of the drif t, it will be d i f f i c u l t

to maintain a regular flight schedule between the ship and the shore.

Approximate distances to feasible departure points in Canada and Sval—

bard are shown in Table 111.1. The first crew change could occur in

February , the second in mid—April , and the third in mid—September.
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Since one complete crew rotation would cost approximately $100,000 in

1976 money , only three such rotations should be planned per year.

It is desirable to use C—130 Hercules aircraft to rotate crews .

However , It may be d ifficult to find a runway long enough (1500 in)  and

near the ship. The artificia l construction of a runway by leveling and
flood ing is possibl e onl y under special circumstances. An alternate

aircraf t is the C—1l7 (Super DC-’3). The Naval Arctic Research Labor-

atory has recently acquired two of these. The C—ll7 is considerably

smaller than the C—130 but does not require more than approximately

900 m of runway , a length much easier to find on the ice.

One would possibl y have to use a C—l17 aircraft for the cr~~
rotations that will occur in the fall. At that time, the ice is not

strong enough to support C—l30 landings .

Ini tially,  Barrow (Alaska) and Alert (Ellesmere Island) are about

equally far f r om the sh ip. Af ter the first winter and throughout the

year , the projected drift track approaches both Longyear Byen (Svalbard)

and Alert. The choice of logistic support bases will depend on a

number of circums tances that will be evaluated as planning progresses.

4.5. Shi p Suppor t

4.5.1. Ship Conversion

1. A design study is present ly under way at the Puge t

Sound Naval Shipyard. It takes into account some of the major modi-

fications required to accommodate the scientific program . A special

problem is fuel. The ship ’s exist ing tanks are insufficient to hold

the diesel and aircraft fuel needed for the duration of the drift.

Efforts are being concentrated on finding an economic and safe method

of carrying additional fuel in a secondary ship or barge. A fuel re-

supply by air will be both costly and difficult.

2. A general layout will show where and in what manner

existing gear, such as cargo—handling cranes and life—saving appliances,

must be rearranged .

A
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3. The interior of the ship has to be modified to

some extent also. The exis ting icebreaker normally carries a crew of

approxima tely 200. The proposed total crew , scientific personnel in-

cluded , totals no more than 110. Excess sleeping and living areas

will be converted into science work areas and storage space.

4.6. Accommodations

The ship will provide electrical power , heated woiking space for

science labora tor ies , a large oceanographic winch , navigations systems ,

living areas for the entire crew , storage space for scien ti f ic  gear ,

communications , hanger space , and fuel  for two helicop ters , and fuel

for a fixed—wing aircraft based near the ship .

4.7. Ship Mobility

The actual drift of the station may be quite different from the one

projected on the basis of average flow patterns. If the deviation is

no t acceptable to some of the scienti f ic  programs , the ship will ,

during the summer , attempt to use its power plant to return to the

desired drift track. Before this occurs, all the permanen t and

temporary installations have to be brought back to the ship . They

will be redeployed after the ship has reached its new position.

4.8. Air Support

In order to suppor t scien ti f ic  work at considerable dis tance from the

ship several aircraft have to be based on the ship or near it.

Based on previous operational experience on the pack ice, it

is recommended that one or two fixed—wing aircraft be used when daylight

is available and ice conditions permit .

Rotary—wing aircraft based on the ship are considered necessary ,

and it is recommended that two helicopters be deployed throughout the

entire drift of the ship.

Several suitable types of aircraft are described below .

Twin Otter. This aircraft should be equipped with complete

instrumentation for instrument flying : a VLF navigation system,

astrocompass for celestial navigation, VHF and HF communications 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - .-~~~~ - -



F 234

systems, f uel transfer sys tem for  ref uel ing the tanks f ro m f uel drums

carried in ternally, and ski landing gear.

The following performance data are typical for a Twin Otter air-

craft and can be used for planning purposes.

Speed : 122 knots (225 km/hour)

Payload : for 175 nm (320 kin) 3200 lb (1452 kg)

350 nm (640 kin) 3000 lb (1362 kg)

525 nm (960 kin) 2400 lb (1090 kg)

Endurance: 4—1/2 hours with norma l tanks

These performance da ta include f uel reserves for  100 mm diversion and

45 minutes in holding .

Also , these data change somewhat from aircraft to aircraft de-

pend ing on the actual empty weight of each individual aircraft.

The current cost for such an aircraft is $400 per hour .

Helicopter Bell 205A—l . This aircraft should be equipped wi th
complete instrumen tation for instrumen t f l y ing: a VLF nav iga tion system

astrocompass for celes tial navigation , VHF and HF communications system ,
long—range tanks, ski—skid landing gear with por table wheel gear , and

sling gear for external loads.

The following performance data are typ ical and can be used for

planning pur poses:

Speed : 90 knots (167 km/hour)

Maximum external load for moving gear locally : 5000 lb

Maximum internal load for moving gear locally : 4000 lb

Payload : for 90 nm (167 km) 3400 lb (1590 kg)

180 mm (335 kin) 3800 lb (1270 kg)

270 nm (500 kin) 1800 lb (817 kg)

Endurance: 4 hours

The current cost for such an aircraft is approximately $590,000
per year. 
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Helicopter Alouette 11. This aircraft should be equipped for

instrument flying : a VLF navigation sys tem, astrocompass for celestial

navigation, VHF and HF communications system, ski—skid landing gear with

portable wheel gear.

The following perfomance data are typical and can be used for plan-

ning purposes.

Speed: 90 knots (167 km/hour)

Payload : for 90 nm (167 kin) 1000 lb (450 kg)

Endurance: 4 hours
The current cost for this aircraft is $270,000 per year .

C—ll7, Super DC—3. This aircraft can be used for crew rotation

and resupply ,  if the C—l30 “Hercules” cannot be used . It requires

less runway length than the C—l30. The required runway length is

approx imately 3000 ft (914 m).

The C—117 is considerably smaller than the C—l30; however it has

payload range characteristics that will be sufficient to fly sa fe ly

between the ship and the shore.

The following performance data are typical for a C—ll7 aircraft

and can be used for planning purposes.

Speed: 168 knots (311 km/hour)

Payload : for 860 nm (1592 kin) 9000 lb (4086 kg)

1200 nm (2222 km) 6400 lb (2361 kg)

1670 mm (3093 km) 5200 lb (2361 kg)

1840 nm (3408 kin) 4000 lb (1816 kg)

2200 nm (4074 kin) 2000 lb ( 908 kg)
These performance data include 3 hours of fuel reserve for div-

ersion and holding. The current cost for such an aircraft is $400 per

hour.

C—130, Hercules. This aircraft can be used for crew rotation and

resupply. It requires a minimum runway length of 5000 ft (l524m).

The following performance data can be used for planning purposes.

Speed: 270 knots (500 km/hour)
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Payload : for 1500 mm (2778 kin) 40,000 lb (18,160 kg)

2000 mm (3704 kin) 35,000 lb (15,890 kg)

These performance data include fuel reserve for 300 mm (556 kin)

diversion and hold ing.

The current cost for such an aircraft is $7.00/nm .

Summary of Twin Otter and Helicopter Flying and Fuel Requirements

Twin Otter Bell 205A— l Alouette 11
1. Marine Geophysics and

Tec ton ics 300 400 100

2. Marine Geology and Paleo—
climatology 480 — 200

3. Physical Oceanography 543 — 50

4. Biology and Biochemistry — — —

5. Marine Acoustics 454 43 186

6. Heat and Mass Balance of
the Ice Cover — — 40

7. Troposphere — — —

8. Ice Physics and Engineering 183 — 101

9. Atmosphere—Ionosphere—Magneto-
sphere — — —

10. Remote Sensing 150 150 —

11. Logistics and Support 250 125 65

TOTAL 2360 hours 718 hours 742 hours

The Otter requires 75 gallon/hour ; 177,000 gallons of JP—5 is

required .

The Bell 205A— l requires 100 gallon/hour.

The Alouetie requires 25 gallons/hour.

Both helicopters use JP—4 fuel; 92,850 gallons of JP—4 is required . 



‘ 
~~~~~~~

237

Table 111.1 Great Circle Distances from Estimated Drift Track
To Shore Stations

Date Drift Alert , Nord, Longyear byen,
Track N.W.T. Greenland Svalbard

Position 82°30’ N 8l050t N 78°15’ N

62° W 180 W l2 °30’ W

Year 1
October 78.5° N 137° E 1125 nm 1152 1345

December 80.3 134 1022 1040 1232

Year 2
February 82.1 128 920 922 1112

April 83.7 119 828 808 996

June 84.9 99 746 685 865

August 85.3 84 701 614 788

October 85.6 68 625 540 710

December 85.5 36 556 396 563

Year 3
F February 84 01 429 190 364

April 81.1 10° W 84 173

The distance from Barrow , Alaska , for the first three drift track
positions: 1046, 1060, and 1089 nm respectively. 
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Tentative Opera tions Cost Summary

Cost in $ Thousand

Modification of icebreaker 4,000

Operations of ship, including crew and fuel 7,900

Bell 205A— l helicopter 2 ,263

DeHavilland Twin Otter support 944

C— l 30 aviation fuel resupp ly 1,120

Aviation fuel 145

Crew rotation , 6 times 700

Field support equipment (wanigans , vehicles,
communications, miscellaneous field
equipment) 600

TOTAL 17 ,672 
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APPENDIX A: EXPLANATION OF FIGURES
PROJECTED DRIFT TRA CK OF TH E PR OPOS ED NANSEN DRIFT  STATION (PREP A R ED BY

FLEET WEATHER F A C I L I T Y , SUITL A ND , MD., OCT OBER 19 75 )

FIGURES 1-4
Theoretical direction and distance of 30—day drift from selected points

throughout the Eurasian Basin based on average geostrophic winds for a

24—year period 1946—1969. Resultant drift is a speed approximating

1.4 percent of the geostrophic wind speed north of the New Siberian

Islands increasing to 2 percen t in the diverging ice field nearing
the exi t west of Spitsbergen. These percentages are based on those re-

ported by Nansen on the From expedition. Percentages are not adjusted

seasonally, although it is likely that summer drift will be at a slightly

higher rate than shown because o(an increased number of water openings

and winter drift conversely slightly less. Note: Permanent currents

are not represented in Figures 1—4.

FIGUR E 5

Anticipated track of the Nansen Drift Station based on actual tracks of

(a) previous drift stations, (b) a comparison of these tracks with con— —

current pressure charts, (c) permanent currents, (d) and Figures 1—4.

An observation from review of previous stations transiting the Eurasian

Basin is that few stations follow a “normal” drift path and there may

therefore be little reason to expect the Nansen Drift Station to do so.

The period of drift is expected to be 1—2 months shorter than that of

the Georgiy Sedov (primarily because of the abnormally rapid easterly

drif t during the initial 3 months of the Sedov ’s voyage, Figure 1.1)

and 4—6 months shorter than that of the From. Average monthly sur face F
winds would not suggest a northwesterly drift as early in the mission

as occured with the From ~Figure 1.1), and a duplication of that drift
is considered one of the lesser possibilities. Summer course reversals

for extended periods, responsible in part for the longer drift of the

~rarn , a1 though not rare, are less likely northward of the Pram track .
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FIGURE 6
The predicted Nansen Drift track crosses or passes within 50 nautical

miles of the tracks of a significant minority of previous drift stations,

which subsequently followed a more northerly path. Figure 6 presents a

generalized composite of these tracks. The track of NP—l9, in particular ,

represents an interesting variation of this “secondary” track, drifting

from north of the New Siberian Islands to within a few miles of the

Pole and eventually reaching 87° N 56° W (very nearly into the Pacific

Gyre) before turning southeastward into the East Greenland Drift Stream.

Interestingly, this is the pat h f avored by Figures 1—4 , neglecting all

other input.

FIGURE 7
Graphical expression of the remote possibility that a drift station

could exit the Trans—Polar Drift Stream and enter the Pacific Gyre.

Periods of abnormal drift will almost certainly be imposed upon the

drift station during its life span. When, where, the magnitude, and

nature of those anomalies as dictated by surface winds are almost

totally unpredictable. Figure 7 is presented , as was Figure 6, only

to emphasize that the projected track in Figure 5 is the most probable

rather than certain track.
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FIGUR E 1 Theoretical 30—day ice drift due to wind (nautical miles).
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FIGURE 2 Theoretical 30—day ice drift due to wind (nautical miles).
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~IIIIIFIGURE 5 Predicted track of proposed drifting ice station,
October 1976—January 1979 . 
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FIGURE 6 Alternate track based on composite drift of sizeable
minority of prior drift stations.

~~~~~~—~~ --— ~~~~~~~~~~~~~~~~~~~~ . - - - --~~
- . _ .~~~~~~~~ - .  

~~ - 
_ . - ,
~

_ -~ 
.



— 
—-- 

~
-:
~
--- 

~~~~~~~~~~~~~~~ 
--_

~
_ —~- ----,.-- .- —~

247

0 0 0 0
2

\ ~~~~~~~~~~~~~~
ft.

F ‘
0

0’

~~~~ ft .
— zI— ’

I 0
I 

I’D

- I
I ‘ .

T~~~

•

~~ 
•
~

•- -: 

~

FIGURE 7 Partial tracks of selected arctic drift stations.
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Summary of the Paths of Arctic Ocean Drifting Ships and Ice Stations

Date

‘Fram ’ (Norway) Drifting Ship 10/93 — 1/96
‘Jeannet te ’ (U .S .A .)  “ I’ 9/79 — 5/81
‘Maud ’ (Norway) “ “ 9/22 — 1/24
‘Sadko ’ (U S S R ) “ “ 10/37 — 1/38
‘Sed ov ’ (U.S.S.R.) “ “ 11/37 — 1/39
‘Tegetthoff’ (Austro—Hungary) “ “ 8/72 — 1/73
British Trans—Arctic Traverse 3/68 — 1/69
Nansen ’s Sledge Traverse (‘Fram’) 3/95 — 9/95 — 4/96
Alpha (U.S.A.) Drifting Ice 4/57 — 1/58
Arlis—l ( U .S .A .)  “ ~1 9/60 — 1/61
Arlis—ll (U.S.A.) “ “ 7/61 — 1/65
Charlie (iJ.S.A.) “ “ 6/59 —

Northpole—1 (U.S.S.R.) “ “ 5/37 — 1/38
Northpole—2 ( U .S . S .R .)  “ “ 4/ 50  — 1/51

North po le—3 ( U .S .S .R . ) “ “ 7/54 — 1/55
Northpole—3A (U.S.S.R.) “ “ 8/54 — 1/55
Northpole—4 (U.S.S.R.) “ “ 11/54 — 1/57
Northpole—5 (U.S.S.R.) “ “ 4/55 — 1/56
Northpole—6 ( U .S .S .R .)  “ “ 5/56 — 1/58

Northpole— 7 (U.S.S.R.) “ “ 5/57 — 1/59
Northpole—8 (U.S.S.R.) “ “ 5/59 — 1/62
Northpole—9 (U.S.S.R.) “ “ 5/60 — 1/61
Northpole—lO (U.S.S.R.) “ “ 11/61 — 1/64
Northpole—ll (U.S.S.R.) “ “ 5/62 — 1/63
Northpole—l2 (U.S.S.R.) “ “ 5/63 — 1/65
Northpole—13 (U.S.S.R.) “ “ 5/ 64 — 1/67
Northpole—l4 (U.S.S.R.) “ “ 5/65 — 1/66
Northpole—l5 (U.S.S.R.) “ “ 4 / 6 6  — 1/68

North pole— 16 ( U .S . S .R .)  “ “ 5/68 — 1/70
Northpole—17 (U.S.S.R.) “ “ 6/68 — 1/69
Northpole—18 (U.S.S.R.) “ “ 11/68 — 1/70
Northpole—l9 (U.S.S.R.) “ “ 11/69 — 1/70
Northpole—20 (U.S.S.R.) “ “ 5/70 — 5/72
Northpole—2l (U.S.S.R.) “ “ 5/72 — 5/74
Northpole—22 ( U . S . S . R . )  “ “ 9/7 3 —

Fletcher ’s T—3 (U.S.A.) “ “ 4/ 52 — 1/70
AIDJEX (U.S.A.) “ “ 3/74 —

This list does not include short—term station and automatic data buoys.
It is based on “Surface Climate of the Arctic Basin” U.S. Army Engineer
Topographic Laboratories, Fort Belvoir, Virginia. Report number EU—
TR— 71—5 , December 1971 (prepared by A. D. Hastings, Jr.), augmented by
recent information up to mid—1975.
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KEYT O LOCATI NG OC EAN STAT IONS — 
.
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—- ALPHA (U.S.A.) drifting ice 
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— AR LIS~I (U.S.A.) 0. Diksoru
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~.... 
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