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INTRODUCTION
Ice gouging is an important process to consider in the design of

pipelines and structural foundations relying on the seabed for stability.
Pipelines must be protected from the impact of ice on the seabed either by
burial or by defensive structures such as berms or armor. Seafloor relief
formed by gouging a lso  a f fec ts  the  la te ra l  shear  res is tance  o f  bo t tom founded
s t ruc tu res  such  as  mob i le  exp lo ra t ion  i s lands  as  the i r  bond  w i th  the  sea f loo r
i s  th rough  sed iment  con tac t  po in ts . In  add i t ion ,  i ce  goug ing  i s  an  ind ica t ion
o f  the  ra te  and  in tens i t y  o f  i ce  even ts  on  the  cen t ra l  and  inner  she l f . The
size, shape and frequency of new 
distribution and of the shape and

In this report we discuss in
sequence of repetitive surveys on
fast ice and inner stamukhi zone.

ouges  is an i n d i c a t o r  o f  i c e  k e e l
strength of keels.

tial observations from an 8 year long
the rate and character of ice gouging in the
These retitive observations have allowed us

to document year-to-year variability of the processes and to evaluate the
relationship to year-to-year ice zonation.

Our data are predominantly from the inner shelf, where open-water
conditions are most common, and where our precise navigation equipment of
limited range is most useful (Fiq. 1 and Table I). Our observations thus are
biased toward shallow water and we expect different results when data are
gathered from deeper water, where ice condit ions and sediment types are
d i f f e r e n t .

Background
Earl ier  studies of  the rates of  ice gouging from repet i t ive s u r v e y s

suggest that sea ice regularly plows the seabed (Lewis, 1977; Reimnitz et a“
1977; and Barnes et al., 1978). Gouging was found to be ubiquitous in the
areas studied, although sediment reworking of gouges by waves and currents
important inshore of 13 meters water depth and influences the data base
(Barnes and Reimnitz, 1979). These  ea r l i e r  s tud ies  were  l im i ted  to  wa te r

● 9

s

depths of less than 20 meters. Gouging was thought to be a winter processes
when large integrated ice sheets transmit energy by deep keels from the sea
surface to the sea f loor .  This mode of  formation provides more e n e r g y  t h a n
w o u l d  b e  a v a i l a b l e  f r o m  l o c a l  a t m o s p h e r i c  a n d  o c e a n i c  f o r c e s  a c t i n g  o n  a n
i s o l a t e d  i c e  b l o c k  (Kovacs and Mellor, 1 9 7 4 ) .

A n a l y s e s  o f  p r e v i o u s l y  a v a i l a b l e  d a t a  f r o m  t h e  C a n a d i a n  s h e l f  a n d  t h e
inner part of Harrison Bay off northern Alaska have shown the rates of seabed
reworking by ice on the order of 2% per year. Depth of incision averaged 20
centimeters but ranged up to 1.2 meters. (Barnes et al., 1978)
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In this report present the analysis of a much larger data set from a
broader geographical area than earlier studies. This new data extends into
deeper water and also covers a greater time span than has been reported on
p r e v i o u s l y . W e  t h e n  d i s c u s s  p r e l i m i n a r y  i n t e r p r e t a t i o n s  o f  n e w  g o u g e
maximums, means and other  observed trends.

Study Environments
The data set consists of repetitively run tracklines; the information

being gathered aboard a small research vessel in the form of fathograms and
monographs. Some lines have been resurveyed for up to 8 years, but for most
we have only a few years of record. As other researchers may wish to reoccupy
these lines the methods of navigation and the location of the shore stations
used in surveying each of the lines is given in Table II.

A description of the geologic environments for each of the lines from
west to east (Fig. 1) outlines the variability in physical environment
encountered along the coast. The ice regime has been discussed by Reimnitz et
al. (1978). Briefly, it is composed of a relatively stable winter ice sheet,
called fast ice, inshore of a zone of grounded ice ridges called the stamukhi
zone. The boundry between the fast ice and the stamukhi zone generally lies
in water depths of 15 to 35 meters. Isolated ridges and grounded blocks of
ice may occur inshore of the stamukhi zone. In particular, at around 10
meters depth in Harrison Bay, an inner stamukhi zone has been noted in several
years and is composed of linear ridges which parallel the isobaths.

Line 9 - This line extends northeast from the chain of sand and gravel
islands which stretch east from Point Barrow. Water depths rapidly increase
to 5 meters seaward of the islands then steadily increase such that the 20
meter contour is not crossed until more than 18 kilometers from the islands.
There are no noticeable shoals or benches along this trackline. The bottom
sediments in this area are muds and muddy sands with the coarser sediments
occurring inshore.

Line4 - This is another northeast trending line which starts in shallow
water offshore from a coastline with 1 to 2 meter high tundra bluffs. The
water depths gradually increase to about 15 meters where a 1 to 2 meter high
shoal exists. The seafloor continues to deepen seaward from here to 19 meters
depth at 24 kilometers from shore. The seafloor then rises a few meters over
a broad shoal at the outer end of line. The sediments along this line are
characterized as muddy sands and sandy muds although there is no onshore-
offshore grainsize pattern.

Line 1 - This is one of our oldest lines having been originally
established in 1975 and one for which we have the most repetitive surveys.
The line extends northwest from Thetis Island on the eastern side of Harrison
Bay. The bottom drops quickly at 7 meters depth seaward of the island, then
gently to water depths of 15 meters or more in the central part of Harrison
Bay. The sediments along this line are sands and muddy sands inshore with an
increasing proportion of muds offshore.

Line 2 - Extending north from Spy Island in the northeast corner of
Harrison Bay, this old line is marked by 2t03 meter high shoalsat 12and 15
meter water depths. This line reaches its’ seaward limit at a depth of nearly
20 meters. Except for the shoals, which are mostly clean sands and gravels,
the sediments are typically seaward fining sands and muds.

Line 3 - Although established in 1975 this line has seldom been repeated
due to the persistence of ice in this area. The line extends north
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equidistant from Cross and Reindeer Islands (north of Prudhoe Bay). The
bottom profile is steeper than those of the lines discussed above and the
lines from here east to Camden Bay are steeper than those to the west.
Proceeding seaward, line 3 crosses a 4 meter high shoal in 13 meters of water
then drops to a depth of 19 meters before rising gradually to a small shoal or
bench between 18 and 22 meters water depth. The shoal is composed of sand and
gravel while the sediments elsewhere along the line are sandy muds and muds.
Just inshore of the break in slope at 18 to 22 meters the bottom is an
overconsol idated mud which is common here and elsewhere on the shelf (Reimnitz
etal., 1980).

Line 6 - This line extends northeastly from the chain of islands
stretching east from Prdhoe Bay. Its’ steep profile crosses a bench at 18
meters water depth and continues dropping to water depths of more than 25
meters. The sediments in this area are quite varied and are commonly
overconsol idated. Sediment descriptions include pebbly clays and stiff sandy
muds. At the innermost end of the line boulders up to 50 centimeters in
diameter have been observed on underwater TV.

Lines 5 and 8 - Line 5 was established using navigation stations that
ultimately could not be reoccupied and we subsequently established a nearby
line (line 8) using more permanent benchmarks. Both 5 & 8 increase Water

depth more rapidly in comparison to the lines further west and show an
irregular profile such that the shoal or bench at 18 to 22 meters is difficult
to discern. Inshore sediments are sand and gravel while at about 20 meters
and seaward overconsolidated sandy muds and pebbly sandy muds are found.

Line 7 - This line is located in Camden Bay and extends north from a
coast of tundra bluffs. Starting in water depths of about 6 meters the
profile gradually drops to depths of more than 16 meters, similar to the
profiles from Harrison Bay westward. Sediments are sands and muddy sands on
the inner part of the line while in water depths of about 18 meters
overconsol  idated sandy muds and clays are found.

METHODS

Navigation
Annual comparison of sidescan and fathometer  records were made over one

kilometer intervals. The initial kilometer point began, when possible, on the
baseline or one kilometer offshore of land (barrier island or coast). From
this initial point kilometer intervals were measured on the navigation charts
and time at the kilometer points was determined. These times were then used
to correlate the monographs and fathograms with the navigation at the
established intervals. As pointed out in AttacFrnent  K, systematic errors did
occur. Therefore, seabed and ice gouge “matches” were used wherever possible
to establish comparisons between records.

Measurement of Characteristics
The enumeration of new gouges was accomplished through the comparison of

sonograph records. From Table I it will be seen that each line was not
surveyed every year. In the case of some lines (3, 4, and 9) two to four
years passsed between reruns of the lines.

Side Scan sonar records were used to determine the number of new gouges
added during the previous year(s). The total number of gouges in each segment
was also determined. The percent of new gouges to the total was calculated
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for each interval . Other measurements taken from the monographs included
gouge orientation , gouge width, disruption width of multiple gouges, length
of gouges, and their location along the trackline (t50 meters).

Fathogram records were used to determine the maximum depth of the new
gouge below the seafloor, maximum height of ridge of plowed sediments from the
new gouge, and the water depth at which the new gouge occured. In the case of
multiples only the deepest incision was measured.

Other observations of interest were noted in the comments column of the
data sheets (Fig. 2). Ice gouge termination directions were determined
whenever possible as this is one of the few ways in which the direction of ice
keel movement can be authenticated. Sediment wave orientations were
determined whenever observed on the monographs as these have a direct
application to sediment movement and infilling  related to gouge obliteration.
On some lines older gouges formed in cohesive sediments are reexposed when
non-cohesive sediment cover is redistributed by waves and currents (Barnes and
Reimnitz, 1979). These gouges could be misinterpreted as new gouges and,
therefore, where this occured it was noted on the data sheets.

Because the length to width ratio of the monographs varies from year to
year due to differences in paper speed through the recorder and boat speed
during the survey, templates were used to correct for this distortion. The
templates correct for the distortion that occurs in orientation and gouge
width measurements.

Year To Year Differences
In addition to the year to year variability of actual ice gouge

processes, artificial factors based on the survey techniques and data quality
e n t e r  i n t o  t h e  c o m p a r i s o n s . I c e  c o n d i t i o n s  v a r i e d  f r o m  y e a r  t o  y e a r  a n d ,
thus, the length of the survey lines has varied. Therefore, summarized data
for tracklines is not strickly c o m p a r a b l e  a r e a  t o  a r e a  o r  y e a r  t o  y e a r  b e c a u s e
o f  t h e s e  d i f f e r e n t  l e n g t h s , d i f f e r e n t  i c e  c o n d i t i o n s ,  a n d  d i f f e r e n t  w a t e r
d e p t h s . The variable record quality leads to uncertain correlation from year
to year which may have resulted in calling gouges “new” when in reality they
were poorly defined on previous records. It is also true that some “new”
gouges may have been missed due to poor record quality, sedimentation, or
deviations from the set trackline course due to ice. We estimate that, at
most, about 25% overcounting  of the gouges may have resulted but these would
be concentrated in the small, short and shallow gouges which are the least
clear on the monographs and fathograms.

PRELIMINARY RESULTS

Observations
Of the 146 kilometers of testline that make up the present set of data we

have available 308 one kilometer segments for which we have repetitive
observations. These data are broken down into22 line comparisons which
represent a year or more separation between resurveys of the individual
tracklines. In doing this we observed over 2500 new gouges in the seabed with
several being over 1 meter in depth and the maximum depth being 1.4 meters.
The total nunber of new gouges accounted for over 12 kilometers of linear
disruption when measured at right angles to the gouges.

The average new gouge occured  in water 14.3 meters deep and incised the
bottom to a depth of 19 centimeters. New gouges averaged 8.2 per kilometer
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with an average disruption of 39 meters per kil ometer. As with our data set
on the areal distribution of ice gouge character (Rearic et al. , 1981) the
data weighted heavily for the shallow inshore waters, generally less than20
meters deep. The annual percent of seafloor disturbed ranged from a lowof
0.3 to a high of 7.4 and averaged 3.2, slightly higher than that found in the
previous studies of Reimnitz et al. (1977) and Barnes et al. (1978).

Gouge Depth
A comparison of the nmber of new gouges with their depths exhibits an

exponential distribution (Fig. 3). The distribution of new gouge depths is
similar to the distribution determined for all gouges on the shelf (Barnes et
al., in press). Also of note is the trend in new gouge multiplet depths which
are comaprable to the trend established for all new gouges from our lines.

Areal Variability
Despite the variability in geographic, sedimentologic,  and ice

environments of the different lines, ice gouging occurs ubiquitously in the
areas studied and is presently occurring in all water depths studied. Ice
gouging is rather uniformly distributed inside the 15 meter contour (Figs. 4
to10 and Tables 111 ). Even with the markedly steeper profiles of the lines
near Prudhoe by (3, 6, 5, and 8) the nunber of gouges is not noticeably
higher than the more gently sloping lines to the east and west. Given the
same distribution of ice keels in the ice canopy over the seafloor a steep
rather than gently sloping bottom should be impacted by more ice keels per
unit distance. This is not born out by data.

Both new gouge incision depths and disruption widths show a tendency to
increase in deeper water although this trend is not clear cut (see lines 6 and
9). An increase in these values with deeper water would follow considering
that larger and more massive ice ridges can develop or move into these
depths. Perhaps the data set does not cover a sufficient time period to
observe these expected trends.

At water depths of 15 to 20 meters almost all of the records show a sharp
increase in all parameters - numbers of gouges, disruption widths, and
incisioh  depths. This water depth is commonly the inner edge of the stamukhi
zone each year (Reimnitz et al., 1978). The increase in new gouging in this
zone is in keeping with the vastly increased ridging activity here and
confirms our earlier postulations that gouging would be more intense in this
zone (Reimnitz and Barnes, 1974; Barnes et., 1978; and Barnes et al., in
press).

Time Variability
The variability of the ice regime from year to year should be reflected

in the intensity of new seafloor gouging. Ice conditions on the inner shelf
can vary from a season like 1975 in which at the end of sunmer large amounts
of ice from the previous winter remained and were incorporated in the
following winters ice canopy to years like 1980 when the inner shelf was
essentially free of older ice. In the former case older ice blocks would act
as solid ice pinicles within a moving ice canopy and could form a neucleus for
grounded ice ridges. When first-year ice is present its greater density
(Attachment J ) may al low deeper keels to form. However, these keels would be
less competent in their ability to gouge having not undergone extensive
welding of sucessive freeze - thaw cycles as have older, multiyear ice
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blocks(Kovacs and Mellor, 1974). Although they may lack the competency of
the older ice keels recent studies show that they are still capable of
extensive shallow gouging (Barnes et al., in press).

The time series data we have to examine is rather limited, consisting of
5 years of record on one line and 4 and 3 years of record at two other lines
(Figs. hand 12). The most obvious conclusion from this data is that no
striking differences are evident from the year to year comparisons. There is
some suggestion that the number and size of new gouges in 1979 and 1980 were
less than in other years for which we have data. This suggestion is strongest
for 1980 on lines 2 and 6 (Figs. 11 and 12) but not at all clear for the same
years on line 1 (Fig. 11). Again, the lack of correlation is perhaps due to
the short length of record we have in light of the fact that the bottom is
only gouged a few percent per year. Further analyses will investigate the
intensity of new gouges and the relationship of multiplet gouging to the year
to year patterns.

CONCLUSIONS

1. The intensity of new gouging is related to water depth and bottom
morphology, and increases offshore at least to water depths of about 25
meters. Inshore of the stamukhi zone the amount of gouging and the depth
of gouging is rather uniform even into waters less than 10 meters deep.

2. No correlation exists between the density of new gouges and the depth to
which new gouges have penetrated the seafloor. This results because large
nunbers of new gouges are associated with wide shallow multiplet gouging
(first-year pressure ridges).

3. Areas that have high gouge densities and large disruption widths are due
to multiplet events. A few large multiplet  events may account for
extensive but shallow disruption of the seafloor.

4. Annual variations in the nunber of individual verses multiplet  gouges may
be related to the presence or absence of multi-year ice ridges on the
shelf during winter freeze-up.

5. There are annual variations in the data that suggest only minor year to
year changes in the areas influenced and the intensity of gouging although
major differences in the ice canopy are expected.
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T a b l e  1.

B a s e l i n e G e o g r a p h i c a l S u r v e y Time Between
L i n e L e n g t h t4ame Year Surveys

1 ----- T h e t i s  I s .

z

3

4

5

6

7

8

9

----- 5pg 1s.

(1493Gm)

(12622m)

(16744m)

(21926m)

(13544ml

[28430m)

(i7639m}

Cross Is.

Cape H a l k e t t

F1axman 1s.

Karluk I s .

Camden Bay

Flaxman Is.

Co~per 1s.

1975
1976
197-7
1970
1979
1980
1981
1982

1975
1976
197”?
1978
1979
1980
19s1

1979
1982

197’7
1978
1980
19s2

1979
1980

1979
198~
1981
1982

1981
19B2

1981
1982

1’376
1982

Base
3

Base
i
z?
2

Base
~

Base
4

Y e a r

Y e a r

Year

Year

Y e a r

Year

Y e a r

Year

Ye ar

232
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n o r t h  b u t  d o  n o t  i n d i c a t e  d i r e c t i o n  o f  m o v e m e n t .
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NEW GOUGES -1982 (1978)
T E S T  L I N E  9
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Fig. 4 G r a p h  of n e w  g o u g e  c h a r a c t e r i s t i c s  a n d  bathgmetry p r o f i l e  v s .  l e n g t h
o f  track line f o r  t e s t  l i n e s  9  a n d  3 . Uertical exaggeration is 1:400
for figures 4 through 10. T h e  y e a r  i n  p a r e n t h e s e s  i s  t h e  base y e a r
o f  t h e  r e c o r d  t h a t  t h e  p r e s e n t  r e c o r d  is c o m p a r e d  t o  [4 y e a r  s p a n
b e t w e e n  s u r v e y s  f o r  testline 9; 3 year span for testline 3).
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Fig. 5 G r a p h  o f  n e w  g o u g e  c h a r a c t e r i s t i c s  a n d  bathymetry  p r o f i l e  v s .  l e n g t h
of track line for test line 4 (1 year span between surveys) .
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Fig. 6 G r a p h  o f  n e w  gouge .  c h a r a c t e r i s t i c s  a n d  bathymetry p r o f i l e  v s .  l e n g t h
o f  trackline for  testline 4 ( 2  y e a r  s p a n s  b e t w e e n  s u r v e y s ) .
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Fig. 7 G r a p h  o f  new  gouge c h a r a c t e r i s t i c s  a n d  bathymetrg p r o f i l e  u s .  l e n g t h
of track line for- test line 1 (1 year spans between surveys] . See
USGS Open-File Report $$78-730 for data tables for these survey years.
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N E W  G O U G E S  - 1 9 7 6  ( 1 9 7 5 )

T E S T  L I N E  2

o~ ./.  t .0 --- - - .x--’ ~---e.

)s

1 0 -

1 5 -

20-

I 1 1 I 1 I I I 1 1
0 10

N E W  G O U G E S  - 1 9 7 7  ( 1 9 7 6  )

T E S T  LINE 2

I  /1.- ~\.  .  e——+.-.  .  .,

1

O’Lfb—c—J

r 1 I I I I I I i I I
0 10 20

Fig. B G r a p h  o f  n e w  g o u g e  c h a r a c t e r i s t i c s  a n d  bathymetry p r o f i l e  v s .  l e n g t h
of track line for test line Z (1 year spans between surveys]. See
USGS Open-File l?efIOrt 878-730 for data tables for these survey gears.
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F i g . 9  G r a p h  o f  n e w  g o u g e  c h a r a c t e r i s t i c s a n d  bathgmetry p r o f i l e  v s .  l e n g t h
o f  t r a c k  l i n e  fOr test  l ine  6  (1 y e a r  s p a n s  b e t w e e n  s u r v e y s ) .
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Fig. 10 Graph of new gouge characteristics and bathymetry  profi le us. length
of track line for test lines 5P 13, and 7 (1 year spans between SUr Ueg S1.
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Uertical exaggeration is l:lE1013. filthough data on the characteristics
extends b e y o n d  the plotted trackline length for m o s t  s u r v e y s
(Table 111) the shortest suruey determines the length that may be
used in a time series analysis of the characteristics.



NEW GOUGES -1960 (1979)
TEST LINE 6
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G r a p h  o f  n e w  g o u g e  c h a r a c t e r i s t i c s  a n d  bathymetry  profi Ie vs .  length
o f  t r a c k  l i n e  f o r  t e s t  l i n e  6  (1 g e a r  s p a n s  b e t w e e n  s u r v e y s ) . Uert ical
e x a g g e r a t i o n  i s  l:40E1. D a t a  f r o m  t h e  l o n g e r  s u r v e y s  h a v e  b e e n
d e l e t e d  i n  o r d e r  t o  r e d u c e  a l l  tracklines t o  t h e  s a m e  l e n g t h  f O r  t i m e
s e r i e s  analgsis  ( s e e  f i g u r e  9  f o r  c o m p l e t e  g r a p h s ) .



Table III.

Testlim 9-cw3P2R lSL.WD

water Depth  [m] 6.0 7.7 8.5 9.3 10.0 10.9 11.8 12.4 13.0 13.5 14.0 74.6 15.4 16.2 17.0 18.2 18.7

N
*
0

No. of F&v Go”q.*
[m)

meal .vg/rm

1978-1982 7 1 0 1 6 I 7 5 2 3 1 8 1 2 2 1 1 4 7 12 16 7 158 9.9

Max,mlm Gouge  Dspth D.mpest
(m)

1978-1902 .1 .3 .3 .3 .6 1.1 1.1 .7 .9 x .2  XX XXX .$

Total  Disruption Uidti
[m) lbtal Hq/Km t disturbed

(in 4 y,)
1970-1902 19 53 71 13 49 51 159 147 132 23 83 43 72 107 142 86

‘1’Otil NO. Of  M“ GaUT?S  - 1 5 8
1250 70.1 7.8

&eFSt New GO”F - 1.? m l’vtal  D.sr.ption Width  . 1250 m 3!em t distucbd  - 2.0

see Fig. 4

Testlzne  4-CAPE HALKmT

Kil.neters 0 1 2 3 4 5 6  7 8 9 1 0 1 1 1 2  1 3 1 4 1 5 1 6 1 7 1 8  1 9 2 0 2 1 2 2 2 3 2 4  2 5 2 6 2 7

water  Depth  (m) x 3.2 5.1 6.0 7.8 8.7 9.5 10.4 11.0 11.9 12.5 13.1 14.0 14.7 15.0 15.4 16.2 16.6 17.5 18.2 18.7 79.0 19.3 19.6 19.9 19.7 19.7 18.5

3m. of m. GO..2ee
1977-1978 x4674J3 6 5 4 6 1 1 2 4 5

Tots 1
1 9 9  B451121 1 3 0 6 7 2 , 3  655

.vg/Km
322 11.4

1978-1900 x 5 3 0 4  459, , 5 2 2 0 1 0 2 1  31tix 164 13.7

1980-1982 ,,003 1 1 6 .  .  8! 3817 ;9 76 6.9

3UX..U9 L7cUqe  mph
(r, )

1977-1978 x .3 .2 .2 .1 .4 .1 .2 .1 .2 .4 .4 .2 .5 ,.2 .5 .4 .5 .5 0 .4 .3 ,.* c, ., ., .5
E-1.spt.t

1.2

1978-1980 x . 1  . 2 0 . 1 . 4 . 1  .1, , .5 .6 .5 .4 .8XX .8

1980-1982 ,,00 .1.1  . 1  . 2 , X .9 .6 .5 .9 .9 .9

?Util  DxsruPt.io”  Uidch
(m)

1977-1978 x 16 16 13 13 19 16 24 18 36 46 134 24 96 398 321 122 2CU 68 0 33 34
Total av9/tm Uiklturbd

13 0 29 39 28 1756 67.5 6.8

1978-1980 x 1 1 1 3 0 2 2 1 4 1 6  2 2 .  , 223 77 79 101 212 x x 790

1980-1982

65.8 6.6

XXO06 4520, , q676~II~~I 44
(2 Y,,. )

496 45.1

Total  ~. of m. Gmqes - 562
( 24;.. )

mepLv+t I&w mug. - 1.2 . ~tal DisruPtlo”  Wxdth - 3042 m na. a disturbed - 4.1 pr year

see Figs.

Note : x‘s refer to no record available for segment;

5 and 6

o’s refer to no gouge parameter observed on record.
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Table 111. (con’t)

Testline  3-CROSS lSLANO

N
IA
00

Kilometer. 0 1 2 3 4 5 6 7 8  9 1 0 1 1 1 2 1 3 1 4

water mph (m) 11.5 12.5 12.3 12.0 15.0 17.8 20.5 21.6 22.4 22.7 22.5 22.2 21.7 21.0 24.1

No.  of New C-3uqe. Depth
(m)

Total w ’ 3 / -

1981-1982 6 7 6 1 1 9 2 5 3 0 4 0 22 B 134 217 15.5

naximm wwe tePth Mepst
( m )

1 9 0 7 - 1 9 8 2 .1 .> .1 .1 .1 .2 .2 .1 0 .% 0 .2 .3 .e e

lbt.al Disruption liidth
[m)

‘latal .avg/Km  w21nt.rbed
(in 3 yrs.1

1981-1982 2 3 2 2 1 5 3 0 2 5 1 3  1 5 9 0 50 0 169 71 600 1042 14.4 7.4

lbtal NO. of m“ GU.WS - 217 Deepest  New Gauge - .8 lbt.al Di. r”@On Width - 1042 n man a disturbed . 2.5

see Fig. 4

T.st Iir,E  6-KhRLUK  ISLAND
?.mmot.rs 0 1 2 3 4 56 709 ?0 11 12 13 34 15 16

Water mpth (ml =,.4 8.0 9.5 10.2 11.1 12.0 13.5 14.6 15.7 16.2 19.3 21.7 23.2 25.2 26.0 26.5 27.4

No. or N..  Gouge.. I’OCal Wgm
1979-1980 X X  XX3X 54 t2 4.0

1980-1981 0 0 2 5 1 2 0 0 10 1.3

1901-1982 1 5 1 0 1 1 8  1 1 1 1 5 1 5 0 6  0 0 1 66 4.1

Naxlmm GOIq. Dq.th
la) M.p_t

1979-1980 .x .x. 1 x .1 .1 .1

1900-1981 0 0  . 1 . 1 . 1 . 1  0 0 .1

19BI-19B2 .? .7 .5 0 .~ .1 . 7  . 1 . 1 . 1 . 2 0  . 2 0 0 .1 .7

?otal Disrqtlon  Width
(m) TOt.1

1979-7900
.Vqh ●  ti’tutid

XXXX1 1x168 35 21.7 1.2

1980-1981 0 0 3 1 6 3 4  0 0 26 3.3 0.3

19 BI-1982 3 1 5 4 0 6 8 3 1 5 3 5 7 5 6 0 2 5 0 0 6 264 16,5 1.7

Tvtal No. of tie” G.a”qe, - 88 Lwwwst New Gouge .7 m Total  D1.3ruption  Wi4th - 325 m Mean t dlmturb.d  - 1.1

see Fig. 9

Note: x’s refer to no record available for segment; o’s refer to no gouge parameter observed on record.



Table III. (con’t)

T&stline 5 c 8-F’IAXUP.N IsLANn

Ki lomet.ra 0 1 2 3 4 5  6 7 8 9 1 0 1 1

water  wpti (d 7.1 10.6 11.9 14.1 16.8 19.8 20.5 22.5 24.3 25.8 27.0 21.7

lb of w GO.qeo mta 1 avq/Km
1979-1980 (TL5) 1 0  I 2 1 2 X 25 6.3
1981-1982 (TM] 0 0 1 2 1 1 2 2  2 4 1 5X 39 3.9

Maximum Gmw mpth C-sep.t
(m)

1979-1980 (’11.5) . 1 0  . 1 . 1 . .1
1981-1982 (mC)) 0 0  . 1 . 1 . 1  . 1  . 1 . 3 . 1 . 8  x .8

rural  Di..uption width
(.) mm 1 avg/K9 1 dlsturlmd

1979-1980 (TL5) . 1 0 2 9 2 5 x 55 13.8 I .4
!981-1982  (TL.8) 0 0 5 4 4 5 8 1 0  6 1 0 4 2 9 x 175 17.5

(TL5)  Ibtal w. of w.. a..qee - 2S Enepmst  -W -us!. - .1. ‘rutal Dierwtic.n  Width - 55. Mean 8 disturbad . 1.4
1.8

(1’V3)  m-l 3$3. .f ~ GO”gw  - 39 C+ep$@t  W G0”9.3  - .8a ‘T+X.11 Disruption WidUh - 175.  )le.n  t disturbed - 1.8

see Fig. 10

Note: testline 8 is 500m west of  testline  5

‘re. stli.e 7-CAIUJ21J  2AY

U Imetem 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

water  C.spti (“) 5.5 6.7 7.1 7.4 8.2 9.0 9.5 10.2 10.0 11.7 12.5 13.0 14.3 15.0 15.9 16.8 17.7 10.6

No. of w. Gouge*
1981-1982

TUta 1 a w i -
2 2 2 7 2 1 5  8 8 4 9 14 23 15 9 la 12 1 151 B.9

-xi.”.  mug. Cqth
(m)

Deep.t

1901-1982 .1 .1 .1 .1 .1 .2 .1 .3 .! .1 .> .1 .3 .2 .7 .4 .1 .7

zbtal Disruption Width
(m)

v9e1- 1902
Total .vg/Km 8 dimturbed

4 9 4 2 0 5 5 0 3 0  4 0 1 4 3 8 3 2 6 8 7 1  2 8 9 5 6 6 3 577 33.9 3.4

‘lbtal lb. of 3&w Gauges - 151 OeW.3Bt  N9w Gcmqn - .7 m l’otal  Disruption - 577 m ma”  ● di. t”lAnl13 - 3.4

see  Fig .  10

Note: X’S refer to no record available for segment; O’S refer to no go~e parameter observed on record.


