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Sea Ice topography - a brief
history

First mapping of a genuine profile of the ice underside was by single-
beam upward sonar from USS “Nautilus™, 1958.

Subsequently, single-beam upward sonar used on most missions by US and

UK nuclear submarines, bmldtng-trp-vas~t-d-atabame~eﬁqee-t4mekness-—~ S g e
distribution, dlstr‘bumei_pr:essur_e.ndge depths and spacings, —
occurrence of leads, spatwraj_hand temporal variability, and the statistical

characteristics of the under- |cew

One more-dimension added when sidescan sonar ﬂrst used under ice, from
- HMS *Sovereign>4976 (better data.from:-HMS. “Supe'rb” . Ok -

Propens-D quantltatlve iage: only. achreved Wlth advent of 770N,

sonar, First used underice on Autosub AUV in 2@04 then from. sub T

" HMS “Tireless™ 2007 then from smaller AUVS on through |ce deployments\
domg hlgh resolutlon studles of specmc |ce features ' - Y




A single-beam upward sonar profile from a submarine,
showing ridges and undeformed ice
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Example of probability density functions of ice draft obtained from
single-beam upward sonar (family of curves from East Greenland
showing reduction in pressure ridge occurrence as one moves south)
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Sidescan sonar image (HMS “Superb” 1987)

showing two rugged multi-year floes surrounded by pressure ridges. Scale
500 m top to bottom.
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The first multi-beam sonar operation - Autosub from
“James Clark Ross”, NE Greenland shelf, 2004
(Kongsberg EM2000 sonar)




Location map - multiyear fast ice grounded on Belgica Bank. Mission
tracks shown
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Some examples of ridges seen
by multibeam

e 1. A 33 m-deep major multi-year ridge with a
smaller multi-year rldge In front of It.
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o 3. A shear ridge in first-year i fee, showmg small
ground up iece blocks and ajog |n th-i, £




Mission 365: Distance: 3200 m to 3600 m

Ice Draft (m)

Swath Width (m)




Mission 366: Distance: 24700 m to 25000 m
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Mission 365: Distance: 65250 m to 65650 m
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Fitting multibeam to a submarine - Kongsberg EM3002 on HMS
“Tireless” March 2007, Arctic Ocean transect
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Example of multiyear ridge intersected by refrozen lead - note poorer
resolution than AUV due to greater depth (120 m) and speed of
vehicle. But longer range (2000 km of data).




First use of a through-ice AUV - Gavia plus Geoswath
sonar from APLIS 2007 ice camp Iin Beaufort Sea. Vehicle
operated under first-year ridge (foreground) from black

and red hut (background)
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High-resolution multibeam of the first-year ridge. Detalil
In red is genuine resolution of small broken ice blocks (see
diver photo)




A nearby multiyear ridge (left back) showing very solid smoothed ice
blocks intersected by leads. Isolated pinnacles in first year ice in
foreground.




Second (self-contained) through-ice Gavia operation from Alert,
Ellesmere Island, May 2008.Camp established by oversnow vehicle.




ing hut (right) and 3-man sleeping hut (left) in field of multi-year
ridging




Gavia operation. Following slide shows multibeam image of multiyear
ridging in form of large random blocks, with thin first-year ice in
foreground
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Conclusions

Multibeam gives us completely new view of underside of sea
ice - In fact, first complete view.

Naval submarine multllqearn maximises. data quantlty but with ...
lower quallty than AUV.
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Future appllcatlons fo: 0|I spread under |ce mapprng rubble f|els =
near oil platfofims; better sonar ‘backscatter modelllng 23
mappmg |ceberg shapes |n Wlnter fast |ce (e g NW Greenland)




