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phy on the seabed. Intense gouging is associatd

1. Introduction with ice keels driven by forces amassed from an
compassing ice pack.
The nearshore seabed where frequency ice fea- Ice gouging is especially intense in the stamu-

tures occur is disrupted and modified by ice keels khi zone and on the seaward slope of bathymetric
(e.g, keels of ice ridges and ice islands). The ice highs". Ice gouges have been noted in water dep-

features create a furrow and ridge microtopogra- ths up to 64m in the Alaskan Beaufort Sea. Data
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on the rate and depth of ice gouges is needed for
the planning, operation, and design of offshore in-
stallations such as pipelines and subsea structu-
res.

The number of gouges, gouge depths, densities,
widths and ridge heights as related to water dep-
ths are discussed. In addition the interrelation-
ships of ice scour variables are developed for the
Alaskan Beaufort Sea.

2. Terminology

The following terminology is used for the qua-
ntitative and enumeration of the ice-gouged sea-
bed (see Figure 1).

Legend :
d—Gouge depth
w— Gouge width
6 —Gouge orientation
d’—Gouge ridge height
h—Water depth
sf—Sea floor
N—True north

Fig. 1 Schematic diagram of an ice gouge

* Gouge depth : The gouge depth, d, is the
vertical depth measured from the average level of
the surrounding seabed to the deepest point in
the gouge.

* Gouge density . The gouge density is the
density of all ice-produced sublinear featured
preserved on the seabed ; or is the number of
gouges observed for each kilometer of trackline
data.

* Gouge width . The gouge width, w, is the

horizontal width of the gouge measured at the
average level of the surrounding seabed.

* Gouge ridge height . The gouge ridge height
is the height of the ridge created when sediments
are plowed from the bottom. The ridge height is
measured vertically from the undisturbed seabed.

3. Previous Studies

Ice gouge data have been collected in the Alas-
kan Beaufort Sea since 1970. To study the Arctic
seabed, the side-scan sonar and a precision depth
fathometer are used by Shearer, et al.? and Pelle-
tier and Shearer”.

Since then, the ice gouge study has been done
by Kovacs and Mellor”, Reimnitz and Barnes”,
Toimil®, Pilkington and Marcellus”, Barnes et al.®,
Weeks, et al.”, Tickne and Toimil, and so on.
Machemehl and Jo'” have studied on ice gouge
depths and events in the Alaskan Beaufort Sea.

The ice gouge data have been analyzed on :

¢ nature of gouges,

» characteristics of the ice involved in the
gouging process,

* general distribution of gouging along the
coast,

» force involved in the ice gouging process,
and

* rates of ice gouge recurrence.

4. Mechanics of Scour

Ice pressure ridges are formed when the ice
cannot withstand the forces to which it is subjec-
ted. Such ridges can form either in the grounded
state in shallow water, or free-floating state. In
the former type the ice immediately consolidates
whereas in the latter type the ice will consolidate
after some time. Only consolidated pressure rid-
ges can cause significant scour.

When a consolidate feature (e.g., ice island or
pressure ridge) comes into contact with the sea-
bed it will either ground and cease to move, or

if the environmental driving forces are sufficient
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they can overcome the seabed resistance and
plough into the seabed.

5. Data Collection

Over 100,000 gouges data are documented
along the Beaufort Sea Coast between Smith Bay
and Camden Bay (see Figure 2) from 1972 to
1980 (excluding 1974) by Rearic, Barnes and Rei-
mnitz'

The ice gouge data are obtained from high-
precision fathograms with resolution of 10cm and
from side-scan sonar generated sonographs of the
seabed. Details and methods involving in extrac-
tion information from these records are reported

in Barnes et al.¥ and in Rearic et al'¥,

6. Analysis of Data

The ice gouge data are analyzed statistically
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using the SAS software and VAX./VMS 8800 co-
mputer. The overall statistical results are summa-
rized in the Table.

* Number of gouges versus water depths :
The number of gouges versus water depths and
the upper bound line are shown in Figure 3. The
upper bound line envelops more than 98% of the
data. A peak of 196 gouges occurs in the 18 to
25m water depth range. A preponderance of gou-
ges are found in less than 30m water depth while
no gouges are recorded beyond 70m water depth.

* Gouge depth versus water depth I A prepon-
derance of gouges are found in less than 30m
water depth. In water depths less than 6m and
more than 58m, maximum gouge depths are less
than 1m. A peak of 4m gouge depht occurs in the
30 to 35m water depth range. The gouge depths
versus water depths and the upper bound line
are shown in Figure 4.
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Fig. 4 Gouge depth versus water depth

* Gouge density versus water depth . A peak
of 460 gouges per km occurs in the 15 to 25m
water depht range. In water depths less than 1m
and more than 50m, maximum gouge densities
versus water depths and the upper bound line.
The upper bound line can be used to determine

the maximum gouge density for a specified water

depth.
—@— UPPER BN LINE
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GOUGE DENSITYiger &m)
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Fig.5 Gouge density versus water depth

No. 3691 | 3583 | 19600 2800
dlm) 0.58 059 | 4.00 0.30
i GD 62.83 69.19 ‘ 48120 4200

Table 1 Ice gouge statistics

\Varr’ira;ble‘ VMe'dnr 77 SD ‘ Maxm ‘ 71\7/[ed

wim) 733 750 6200 | 5.00
| RHGm) 060 | 094 - 1700 030

where Mean = mean value of variable,
S.D. = standard deviation of variable,
Max = maximum value of variable,
Med = median value of variable,
No. = number of gouges (per water depth),
GD = gouge density (number per km),
and
RH = gouge ridge height(m).

* Gouge width versus water depth : Figure 6
shows the gouge widths versus water depths and
the upper bound line. A peak width is 60m and
occurs in around 30m water depth. A preponde-
rance of gouges are found in less than 30m water
depth. In water depth less than 1m and more
than 55m, maximum gouge widths are less than
10m.

* Gouge ridge height versus water depth : A
peak gouge ridge height occurs in the 25 to 35
water depth range as shown in Figure 7. The se-
diment ridge plowed up by an ice keel is genera-

lly less than 1m.

<

—@— UPPER BUUNT LINE
GOUGE wbTr

o
&

S S G S

.

GOUGE WIDTH{m)

WATER DEPTH(m)

Fig. 6 Gouge width versus water depth
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Fig. 7 Gouge ridge height versus water depth

7. Inter - Relationship of lce Gouge Va-
riables

Based on the upper bound lines of ice gouge
variables, the inter-relationships of variables are
studied. As shown in Figures 8 to 10, as gouge
depth increases gouge width and gouge ridge
height increase.

]
*
T o |
£ ‘ e
5 )
g .- 4
= | !
2 o . :
z
3 : -
" ; e
<)
2 bl L
S i e |
2 ‘e ;
3 hd :
3 i
30 e ‘
E I
<
3 ; .
i L &
% v RO . . e
4 W VOO 120 rYao

MAXIMUM GOUGE NUMBER

Fig. 8 Maximum gouge density versus maximum

gouge number

[

\

MAMUM GOUGE Wil Tk [y
I

MAYIMUM GOUGE OEPTH (m)

Fig.9 Maximum gouge width versus maximum

gouge depth

™9

@
L
5,
L ]
L]
*

EN

MasiMuM GOUGE RIGLE (m)
L4
\

\

e e

GAXIMUM GOUGE DEPTH {m}

Fig. 10 Maximum gouge ridge versus maximum

gouge depth

The equations for the relationships of ice gouge
variables are .

MDN = —2081+ 239MGN(p=099), as
MGN > 20m

3.80+15.05MGD(p=0.99), as
MGD > 05m

MRH = — 022+ 224MGD(p=0.99), as
MGD > 05m

MGW =

where

MDN = maximum gouge density (per
knt)

MGN = maximum gouge number (per wa-
ter depth),

MGW = maximum gouge width (m),

MGD = maximum gouge depth (m),

MRH = maximum gouge ridge height (m),

and p = correlation coefficient.

8. Conclusion

The relationships of ice gouge variables versus
water depths are examined based on a large
amount of data. Upper bound lines can be used
to predict the maximum values of the variables
as shown in Figures 3 through 7. The relation-
ships of the maximum values between variables
are shown in Figures 8 through 10. From the li-
near equations between ice gouge variables, the

maximum values of variables can be approxima-
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ted.

Despite the variability in geographic, sedimen-
tologic and ice environments of the different trac-
klines and survey areas, ice gouging occurs ubi-
quitously in all areas. There are very few deep
gouges and a large number of shallow gouges ac-
cording to the ice gouge data sets. The most inte-
nsive gouging is associated with the major ice ri-
dging in the stamukhi zone.

This information can be usefully used to esti-
mate the requisite burial depths of pipelines and
under-water equipments in the seabed of Alaskan
Beaufort Sea.
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