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Aerial view of Caisson Retained Island (CRI) at Kaubvik, May 1987.
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ABSTRACT

0il exploration from artificial Islands in the Beaufort Sea has shown that grounded

ice rubble fields often late around such

preventing moving ice from
acting directly against the structure. A simple, rigid body model, has commonly been
used to estimate the load “seen” by the structure, with the result that no loading is
expected until global rubble sliding occurs. It was realized that such an approach is
not entirely realistic and so a collaborative field program was carried out, followed by
theoretical modelling. The field work was done at a drilling location in the southern
Beaufort Sea on ESSO's Caisson Retained Island (CRI). The three groups involved
were ESSO Resources Canada Ltd., National Research Council of Canada (NRC) and
M ial University of Newfoundland (M.U.N.). The M.U.N. data and subsequent
theoretical work is presented here, with the ESSO and NRC data summarized in the

site description.

Memorial University collected data from pressure sensor rosettes, a strain array,
thermocouple arrays, rubble profiling, and ice property measurements. The most
important data came from the pressure sensor rosettes and the thermocouple arrays.
These indicated that average sea ice pressures against the rubble reached 350 kPa,
and that a substantial and rapidly formed refrozen layer existed within the rubble,
with a thickness exceeding 3 m near the rubble field periphery.

Based on the field a th ical model was developed to investi-

gate the role of the rubble refrozen layer in load transmission through rubble. The
rubble field was modelled as a system of springs and dampers to represent the elas-
tic, frictional, and viscous stiffness of the various load paths. The deformations and

load distributions were calculated using a ial finite element package called

ABAQUS. Each material property was assumed to have a range of values, the lim-



d from the li h ical i jons and field

its of which were
measurements.
The sensitivity of the output to each of the inputs was examined and the following

was concluded;

. From the analysis it appears that the elastic response of the rubble leads to the

highest loads on the embedded ture because the itted load tends to

decrease with time (creep).

o

. The ice rubble properties that are the most important for further study are
the delayed elastic and shear properties of un-refrozen rubble, as well as their

i variability within natural rubble fields.

@

. Significant loads may be transmitted through ice rubble to a structure before

global sliding of the rubble field occurs.

[ o

The presence of the refrozen layer gives the potential for substautial loads to be

imposed on the structure during rubble field movement.

-l

Possible future improvements to the ABAQUS computer model include the

¥
b

incorporation of; refrozen layer discontinuities, berm slope, non-rigid structure

behaviour, kinetic and static friction values (rather than an average), and water
and ice mass. Furthur research is also required on ice/rubble failure modes to

esablish design pressures at the rubble field boundaries.

The sample 3D calculations show that viscous deformation may also be impor-

tant, although it is also clear that the 3D method presented needs improvement.

iii
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1 INTRODUCTION

Continuing demand for oil and gas has pushed the search for these resources into
harsher and more remote areas of the world, including the Arctic. Petroleum is often
found offshore but the presence of sea ice in the Arctic has made it difficult to use

conventional fixed or floating exploration platfc C ly artificial island

technology was developed to provide year round stable drilling platforms. In 1973
the first artificial island was built in the shallow waters of the Southern Beaufort Sea.
This was little more than a leveled-off pile of fill material (sand/gravel) placed in 2-3
m of water. Since then, artificial island technology has progressed from sand bag re-
tained islands to the latest generation of caisson and caisson retained islands. Caisson
retainment reduces the volume of fill material and practically eliminates erosion and
the risk of ice ride-up. All these developments were required as exploration advanced

into deeper water and more mobile ice. The i d ice d by

such islands resulted in a not origi; the ion of
grounded ice rubble piles around the island.
Ice rubble is a compact mass of ice blocks, fragments, snow and slush that is

created when a moving ice sheet fails continuously against a fixed object. If the

rubble is unable to clear around the structure (wide it will as
a pile. The pile extends above and below the waterline and can become well enough

ded to resist ice from other directi If such di

occurs a “field” of rubble piles may accumulate around the structure.
Initially, it was feared that grounded ice rubble fields might increase global loads
on structures by increasing the effective structure diameter. However, subsequent ex-

perience and field measurements have indicated that pressures ave reduced, and it has

become generally accepted that such fc ions are in fact

full scale properties and pressure distributions were not well enough known to allow a



thorough engineering analysis of load transmission through such grounded ice rubble.

The use of external caissons in artificial island construction, not only reduces
construction time and costs but also makes island instrumentation much easier. By
1986 ESSO’s Caisson Retained Island (CRI) was equipped with 40 external ice pres-
sure sensors, 10 geotechnical sensors, and internal straingauging, making it an ideal
platform for the study of island/ice interaction. For this reason, during the winter

of 1986/87, £SSO Canada Ltd. collab d with the National Research

Council of Canada (NRC) and ial University of Newfoundland (M.U.N.) to

conduct an ambitious field study of a grounded ice rubble field. This was done at
ESSO’s CRI while on location at Kaubvik in the Southern Beaufort Sea. The col-
laborative program was set up to document thoroughly a full scale case history of
sea ice/rubble/structure interaction. The collected data was to be publicly available
and was intended to guide subsequent theoretical work on load transmission through
grounded ice rubble. A wide variety of data was collected and the field work was ar-

ranged so that each group was ible for collecti ing, and d

a certain portion of the data. This data was subsequently released in three separate
data reports; Croasdale et al, 1988 (ESSO), Frederking et al, 1988 (NRC), Jordaan
et al, 1988 (M.U.N.), followed by a summarizing paper by Marshall et al, 1989.



2 OBJECTIVES

As outlined in the introduction the Kaubvik study was the work of many individuals

from several groups. The author’s specific responsibilities were to;

o Assist with the field work,
® Process, analyze, and document the field data collected by M.U.N.,

o Review all the data and other literature, and

ded

® Develop a tk ical model for calculating force ission through

ice rubble.

The objectives for this thesis were thus to;
1. Present the M.U.N. data and analysis,

2.8 ize the iated L

3. Describe a theoretical method for calculating load transmission through ice

rubble,
4. Compare the theoretical calculations with the case study.

The presence of the separate M.U.N. data report gave the author the luxury of
being able to concentrate in this thesis on the data more directly concerned with the

b b ical work, since refe for less critical details can be made to

Jordaan et al, 1988.



3 LITERATURE REVIEW
3.1 Previous Island-Ice Measurement Programs

The first artificial island in the Beaufort Sea was constructed by ESSO in 1973 (Albery
et al, 1984), only 13 wini.rs prior to the Kaubvik program. Instrumentation to
measure ice forces and movements around islands immediately became important
and most, if not all islands had some sort of ice monitoring program. Many of these
programs, however, were set up to collect specific design data such as maximum ice
pressure, or for safety purposes such as warning of ice pressure build-up (Templeton
111, 1979). Actually analyzing movement events and ice pressures, by correlating
them with ice failure modes, wind data, currents, and other environmental forces
was of secondary importance; and in many cases grounded rubble did not form. The
results of many of these programs are also confidential and this somewhat reduces
the literature to be reviewed. The publicly available literature on previous island/ice
field measurement programs has been reviewed and is summarized chronologically in
table 1.

The main objective of many of these measurement programs was to collect design
related data, such as ice thickness, movement, pressure, and global loads on structures.

The large number of groups involved resulted in the use of a wide variety of instrument

types and proced which imes produced conflicting results. An
enormous amount of data was generated which cannot be comprehensively condensed
here. It is, however, intended to i igh infe ion so that the i

features of the Kaubvik data can be assessed. The sources listed in table 1, provide

the following types of data:



Table 1: Summary of island/ice field measurement programs described in the open
literature.

YEAR ISLAND NAME TYPE SOURCES

1974 Adgo F-28 sand/gravel Nelson et al, 1974

1975 Adgo P-25 sand/gravel Metge, 1976; Nelson et al, 1976

1975 Netserk B-44 sand/gravel Metge, 1976; Nelson
et al, 1976; Kry, 1977

1976 Netserk F-40 sand/gravel Strilchuk, 1977

1977 Arnak L-30 sand/gravel Semeniuk, 1977

1977 Kannerk G-42 sand/gravel Semeniuk, 1977; Favrat, 1982

1980 Fairway Rock natural Kovacs et al, 1981

1979-80 Issungnak sand/gravel Fenco Consultants Ltd., 1981;
Frederking et al, 1982;
McGonigal, 1981; McGonigal et al,
1986; Shinde, 1981; Shinde et al,
1982; Vaudrey, 1980

1980-83 Hans Island natural Danielewicz et al, 1981,1982,
1983, 1988; Metge et al, 1981

1982-84 Tarsuit caisson DePaoli et al, 1983; Pilkington et
al, 1983; Sanderson, 1984

1982-85 Adams Island  natural Frederking et al, 1983, 1984,
1986a, 1986b, 1886c; Sayed et al,
1986a, 1988; Stander, 1985

1984 Kadluk caisson Johnson et al, 1985

1985 Amerk 0-09 caisson Sayed et al, 1986b; K.R Croasdale
& Assoc. Ltd, 1985

1985  Mukluk sand/gravel Cox et al, 1988

1985-86 Molikpaq caisson Wright et al, 1986

1986 Minuk sand/gravel K.R. Croasdale & Assoc. Ltd, 1986



Ice Pressures: Small pressure sensors, large pressure panels,
biaxial pressure sensors, structure mounted
panels, strain gauging of structural members.

Ice Movements: Wire line reels, radar, traditional survey
methods, electronic distance measurements, time
lapse photography

Rubble M El ic distance dpi

installations,inclinometers.
Ice/Rubble Strains: Electronic distance measurements (large
scale), small strain arrays.
Rubble Geometry:  Aerial photography, level surveys, auger
drilling, electromagnetic sensing, thermistor strings.
Other: Anemometers (wind speed, profile, direction), tide gauges,
current meters, borehole jacks, small scale properties
water hnical
measurements, island mounted inclinometers.

The collected data is variable in almost every respect. Prior to 1982, useful pres-
sure data within rubble was only obtained at two locations, Netserk B-44, and Arnak
1-30. This, and subsequent data from caisson structures, indicates that external ice
loading does result in pressure at the structure, but it is generally reduced. Measure-
ments at Tarsuit also showed measurable pressure at depths greater than 4 m below
the waterline. At many of the sites no significant rubble field formed; these locations

fall into two classes.

1. Islands close to shore, in shallow water, which are not subject to large ice

movements.

2. Steep-sided structures in deep water where accumulations of rubble are unable

to ground firmly.

Thus, the structures most prone to generate extensive rubble fields are those with
gentle slopes, and far enough offshore (>10 km) to be subject to large ice movements.
Structures in this category are sand/gravel islands and shallow caissons on underwater

berms.



Table 2: Results from auger and thermistor measurements of refrozen layer thickness.

AUGER THERMISTOR STRING DIFFERENCE

1.66 m 1.92m +16 %
170 m 1.30 m -24%
2.69 m 1.26 m -53%

The largest rubble field reported to have formed around an artificial island was
1500 m x 800 m and formed at Issungnak during the winter of 1979-80. As part of
the Issungnak field program, however, a rubble accumulation at a natural shoal was

also studied and this reached 8900 m x 6900 m.

Refrozen layer thickness was dat I k by “fecl” during auger pro-

filing, and by using in situ thermistor strings. The maximum thickness in February
1980, measured by auger, was 3.7 m. The difference between the thermistor data
and the auger data was also measured at three locations with the results presented
in table 2.

It is apparent from these results that the two measurement methods can produce
very different results. The use of thermistor strings also allowed the measurement of

refrozen layer growth rate. On average these were:

Nov - March 6.0 mm/day (growth)
March - June -16.0 mm/day (melting)

The largest rubble sails were measured at Fairway Rock and Mukluk Island, both
of which had rubble piles up to 15 m high. On average, the maximum sail height at
other locations was less than 12 m.

Rubble movements were monitored at three locations, Issungnak, Tarsuit, and

Amerk (ESSO’s CRI). Movements were detected at all locations with short term



(hours-days) movements as large as 0.3 m. At Tarsuit, movements were described as
being tens of cm at the rubble field periphery, and less near the caisson.

Island movement was measured at Adgo P-25 using inclinometers which indicated

that a total of 5 cm occurred. This was calculated by M. Metge (1976) to
require an average global force of 984 kN/m from the surrounding ice.

Interpretation of ice pressure sensor data is not completely straight forward and
various assumptions are usually made, in order to calculate such parameters as global
load. For example, average pressure can be obtained by combining the output from
several sensors. This is used together with ice thickness measurements to calculate
the maximum average thrust, but because bottom ice is relatively “warm” and soft, a
reduced thickness is often used in the calculation. The maximum pressure recorded in
floating sea ice was measured at Netserk B-44, where a peak pressure reached 1.5 MPa.
A maximum average pressure of 1.1 MPa was calculated from data collected at Arnak
L-30. In general, however, maximum pressure during any season rarely exceeded 1
MPa. At several locations in landfast ice, the maximum thrust was associated with
thermal expansion of the ice.

Ice movements were monitored as part of most of the field programs. This was
considered important because standard indenter equations allow direct calculation of
ice forces from the indentation geometry and ice velocity. Increasing ice velocity is

associated with increasing ice forces. During landfast ice

can easily be of the order of kms/day, but upon becoming landfast, the ice is greatly
restrained. Wind, currents, tides, and temperature have all been found to influence

landfast ice with the itude of also being influenced by

location. At Adams Isiand, 3 km offshore, average ice velocities were less than 10
cm/day, while at Netserk F-40, some 32 km offshore, average velocities were of the

order of 1 m/day. Attempts to correlate driving forces with ice movement have given



variable results. At Adgo F-28, movements were claimed to correlate with wind,
although no significant movement occurred during two of the larger wind events. At

some locations tide effects dominated, while at others, thermal expansion appeared

to be the major contributor to ice Ani i hanism called tidal
Jjacking, was proposed to account for movements at Adams Island. Tidal jacking
would appear to be a process whereby wrter-filled, wedge-shaped cracks, formed by
bending failure of the ice sheet near the shore, freeze, thereby causing the ice to move
horizontally during tide reversal. It is apparent from the li: srature that the process

of landfast ice movement is complex and cannot yet be accurately predicted.

3.2 Load Transmission Models

The force required to move (cause sliding failure of) a grounded ice rubble field over

a level seabed is universally calculated as;

F=Wy i &)
where:
fis = ice/seabed friction coefficient

W, = grounding weight and can be calculated as inllows;

Wy = (1= 150) U i = Bl = )9 4, @

where

= rubble porosity (%)
H; = average height of sail ice above water (m)
Hj = cverage depth of keel ice below water (m)
pi = density of ice (saline) (kg/m?)

Ppu = density of sea water (kg/m®)



g = acceleration due to gravity (9.81 m/s?)

A, = Horizontal area of rubble field (m?)

If one assumes that P, p;, pu, g, and p;, are basically constants, the ability of a
rubble field to resist sliding depends on three geometric variables, H,, H, and A,.
Sliding resistance increases with greater sail height, shallower water, and larger area.
This is straight forward but it should be noted that area is very important. Sea ice

loads against a structure (or rubble field) are in essence calculated as follows;

F=F,D ©)
Where Fy, is force per metre diameter and D is the structure (or rubble field)
diameter. The applied force therefore varies in direct proportion to the diameter while
the sliding resistance is proportional to the diameter squared. Thus any grounding
pressure will produce a stable rubble field, provided that the field is large enough.
Sliding stability calculations of early sand/gravel islands treated the rubble-island
system as a single unit in order to calculate global sliding resistance. This approach
has since been expanded in order to calculate load (F,) transmitted to a structure
through grounded rubble (Kry, 1977, 1980; Allyn et al, 1979, 1982; Bercha et al, 1980,
K.R. Croasdale and Associates, 1985). This method uses a rigid body assumption
for the rubble field and shall be referred to here as the simple theory. The rigid body
assumption implies that no load will reach the structure until global rubble sliding

occurs, at which point;
F, = Total external force — Rubble field sliding resistance

This method of calculation has been used in various ways. K.R. Croasdale & Asso-

ciates (1985) used a two-dimensional approach and considered enly the rubble directly

10



between the structure and the applied load. Kry, Bercha and others took a three-
dimensional approach, considering the entire rubble field. The three-dimensional
approach led to concerns that a poorly grounded rubble field could increase global
loads on a by i ing the effective ture di . Allyn and others

Tudi

extended the three-dimensional approach by i the berm slope, edge failure

and friction (shear) along the sides of the rubble field in a computer program which
calculated the loads on a circular sand/gravel island. Sayed et al (1984) included an
assumption about ice rubble properties. They assumed that newly formed ice rubble
is a vertically and horizontally homogeneous Mohr-Coulomb material at critical equi-
librium. The stress distribution within the rubble was calculated for a narrow rubble
field against a structure (two-dimensional case) but although this approach was more
complex than previous models, the calculated loads were still zero until the applied
load exceeded the total rubble sliding resistance.

None of these analyses take into account the possibility that rubble field defor-
mations under loading may generate forces against an embedded structure before the
sliding resistance is reached. In order to overcome the limitations of the rigid body
assumption, several groups have resorted to numerical methods for calculating load
distributions.

Evgin and Morgenstern (1984) led the way, using finite element analysis to exam-
ine the behaviour of an eight sided, caisson retained, island (Tarsuit) when subjected
to ice loads. They included the case of an intact ice sheet resting on grounded ice rub-
ble, and from their results they concluded that the presence of a rubble field reduces
the amount of displacement and increuses the overall maximum force an island crn
withstand. However, upon examining their methods it is apparent that this conclu-
sion is subject to several qualifications. It appears that only one 2D elastic case was

examined, for which an arbitrary value for rubble elasticity was used. It also appears

1



that the possibility of sliding at the refrozen/! fi interface and rubble/seabed
interface was not considered; and the intact ice sheet (refrozen layer) was assumed to
be the same thickness as the surrounding sea ice. This study clearly brought forth the
concept that an ice rubble field can be treated as a non-rigid body, but generalizations
from the results must be made very cautiously.

In 1986, Williams et al used numerical computer simulation to calculate ridge and
rubble building forces. They used a discrete element method to solve incrementally
the dynamic equilibrium equations for each of the rubble blocks as well as for the
advancing ice sheet. This method is similar to finite element analysis except that it is
used for systems of discrete bodies. There were two examples presented, of ice rubble
accumulation in front of a structure, both starting with an intact ice sheet. Each
example was run for only 100 seconds and although no grounded rubble field formed
(at most two blocks were grounded) it is obvious that longer runs would have produced
more grounded rubble. This approach requires the input of material properties, as
d di Defe

well as initial and b within the rubble are thus

calculated and, with correct inputs, this method should give reasonable results for
newly formed rubble.

Finally, in 1988, Canadian Marine Engineering Ltd. carried out a finite element
analysis to examine load transfer through a grounded rubble field with a refrozen layer.
Only the 2D, rigid structure case was examined with an 80 m wide rubble field. It is
interesting to note that the refrozen layer was assumed not to reach the outer edge of

the rubble field. Two cases were d, the being the hori: 1 extent

of the refrozen layer (75 m and 78 m). The Young’s Modulus for the consolidated
(refrozen) layer was assumed to be 0.2 GPa, some ten times larger than the value
used for the un-refrozen rubble. Some effort was made to determine these properties

from theoretical considerations, as well as from small scale test data. Unfortunately,



problems were encountered with the rubble/seabed slider elements and so they were
removed. The rubble was thus fixed to the seabed, and so it was estimated that the

finite element analysis results were in error by more than an order of magnitude. The

of material properties were more advanced than those used

geometry and j
by Evgin and Morgenstern (1984), but the slider element problems and limited cases

d meant that few could be made.




4 SITE DESCRIPTION

4.1 General

Section 4.1 gives an overview of the environmental conditions in the Southern Beaufort
Sea with site specific details provided where ever possible, while section 4.2 reviews

the data collected by ESSO and NRC during the winter of 1986/87.

4.1.1 Weather

At Tuktoyaktuk the average air temperature is below 0 degrees between late Septem-

ber and early May. The average February air temperature is -29 degrees and winter

are rather than

cold. There is little precipitation
and the average annual snowfall at Sachs Harbour is 75 cm/yr. Prevailing winds are
from the northwest and east-southeast with the one hour averaged, 50 year return
period wind, being 105 kmh. The worst month for storms is October (storms present
8% of the time) and during the remainder of the time low pressure systems are present
2-3% of the time, meaning that the Beaufort Sea is not a stormy area (Pilkington et

al, 1983).

4.1.2 Water movement

‘Water movement in the Southern portion of the Beaufort sea is influenced by the
westward moving Beaufort Gyre, the northeasterly flow of the MacKenzie River, and
the easterly flow of the Trans-Polar Drift. Water current velocities are usually very low
and only extreme currents exceed 50 cm/sec (1 knot). Wind induced water movement
at the surface may mask the general water flow and may induce strong short term
currents. Tidal fluctuations are generally small and average 15 cm, although in 1944
an extreme storm surge caused water levels to rise 3 m at Tuktoyaktuk (Pilkington

et al, 1083).
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Figure 1: Ice thickness versus time after September 1. Data is from Thesiger Bay
(Sachs Hr.) (from Parker, 1987)

4.1.3 Ice Conditions

Freeze-up usually starts by the first week in October and the maximum ice thickness
of 2 m is reached by the middle of May (see figure 1). The measured ice thickness at
Kaubvik was 1.5 m by April 10, 1987 which is less than usual for the time of year.
The Kaubvik site is usually landfast by midwinter and then remains landfast until
the spring breakup at the end of June (McKenna et al, 1988). Between the start of
freeze-up and landfast conditions the site is subject to moving first-year pack ice
with occasional multi-year floes and ridges. It is thus during the initial non-landfast
conditions, when ice movement is of the order of kilometers per day (Spedding, 1979),
that rubble fields form.
During the winter of 1986/87 Kaubvik became landfast by the second week in
January. Landfast ice, although generally stable, does move and movement rates in
20 m water depths can reach 3 m/hr (McKenna et al, 1988). These major movements

have been associated with coastal storms (Agerton et al, 1979).

15



4.1.4 Bathymetry

The average width of the continental shelf is 70 km and extends to the 50 m depth
contour. Kaubvik is 30 km from the nearest shore, in 18.5 m of water, and is thus
well inside the outer edge of the continental shelf.

A circular, flat topped berm 10 m high was built underwater, onto which the
caisson ring was set down. The outside design diameter of the berm was 380 m,
sloping up to a 148 m diameter level surface for the caissons. After construction
of the berm a bathymetric survey was carried out giving the berm contour map in

figure 2.

4.1.5 Geotechnical

Core samples of the sea bed at Kaubvik were tested before construction of the berm
in order to calculate island settlement rates and sliding resistance. The bottom sed-
iments consist mostly of soft clay with some sand layers. The berm material was
obtained from Issigak and consisted of sand and fine gravel with a lower bound shear

friction angle expected to be 34° (Shinde, 1988).

4.1.6 Caisson Structure

ESSO’s CRI is one of the earliest arctic caisson islands and was first used at Kadluk
during 1983/84. In 1986 it was stationed at Kaubvik, some 120 km northwest of
Tuktoyaktuk (69° 52.5” north, 135° 25’ west). The CRI consists of 8, water ballasted,
steel caissons arranged in a ring and held together by tensioned wire ropes as shown
in figure 3. Each caisson is 49.2 m long, 13.2 m wide and 12.2 m high, with a mass
of 5000 tonnes (K.R. Croasdale and Associates Ltd, 1985). The central core of the
island is filled with sand which provides the working surface for drilling operations,

as well as sliding resistance against ice forces. The design global ice pressure is 1700
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Figure 2: Bathymetric contour map of berm at Kaubvik (from Frederking et al, 1988).

kPa (global load of approximately 45 000 tonnes) and the design local ice pressure is
4800 kPa (Croasdale et al, 1988).

‘When the caisson ring is set down it is precisely positioned so that caisson 1
faces directly north (Croasdale et al, 1988). The CRI was originally designed to
include 33 ice load sensors, various geotechnical sensors, as well as structural response
sensors (Hawkins et al, 1983). By the winter of 1986/87 32 ice load sensors and 10

geotechnical sensors were active.
4.2 Other Kaubvik data

In order to present a complete case study description, the other two project data

reports (Croasdale et al, 1988 and Frederking et al, 1988) are ized here. As

with the M.U.N. data, the main emphasis is to describe the results that are relevant

to the subsequent theoretical work.
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Figure 3: Details of the CRI showing a) plan view of the caisson ring, b) cross
section through a caisson, and c) cross section through a completed island (from
K.R. Croasdale and Associates, 1985).



4.2.1 ESSO Data

ESSO Resou.ces Canada Ltd was responsible for operating the CRI mounted sensors.
The sensors of concern for this project were the external ice pressure sensors and the
sand core geotechnical sensors. Analysis of the collected geotechnical data showed

that ice forces did not signi affect the pore so the following

summary only deals with the ice pressure data.

By the winter of 1986-87 there were two types of ice pressure sensor, microcells and
shearbar panels. Microcells are small (0.02 m?) and were designed to measure point
pressures while the shearbar panels (1.05 m?) were designed to measure pressures
averaged over a larger area. During the field period, 27 microcells and 5 shearbar
panels were operating, with the greatest concentration of sensors being in the northern
quadrant. Although pressures from the north (open ocean) were expected to be the
greatest, all caissons had some sensors and the southern caissons had a total of 8
operational microcells (see figure 4). The microcells were mounted at the waterline
and welded flush with the outer caisson plating. The microcells have the following

specifications:

Type: Strain gauged cantilever diaphragm
Diameter: 16.5 cm
Full Scale rating : 6895 kPa
Accuracy : 5% full scale (340 kPa)

Until drilling operations ceased in early January, the southern microcell data was
sampled every 10 seconds. Immediate processing was done to reduce data volume
and only the 5 minute peak, average, and variance values were actually stored. After
shutdown of drilling operations a battery powered remote data acquisition system was
installed which recorded pressures at a fixed logging rate, without any preprocessing.
This system operated until May.

Although there were no shearbar panels in the southern quadraat it is interesting
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Figure 4: Plan view of CRI showing ice pressure sensor locations (from Croasdale et
al, 1988).

to compare the output from the two sizes of sensor. Figure 5 contains the maximum
peak CRI pressure recorded during the entire winter (caisson 8). The drop in pres-
sure fluctuations after October 26 appears to indicate the presence of an ice rubble

lation. In ison, the maximum peak pressure by a shearbar

panel on caisson 8 was less then 0.5 MPa (see figure 6). This is due to the difference
in sensor area. During ice failure, direct ice-structure contacts are transient and lo-
calized. The small microcells can frequently have transient ice contact over a large
percentage of the sensor area, whereas the shearbars will average these small contacts
over a much larger area. The microcell output is therefore more erratic but the time
averaged pressures on both should be the same. During non-failure events (ice creep)
the output from both should be similar.

Once ice rubble had formed against the CRI no compressive failure of the rubble
or refrozen layer was observed at the CRI/rubble contact. Pressures mela.sured by the

microcells during the latter part of the winter should thus be relatively independent
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Figure 5: Microcell output covering the period of highest maximum pressure (from
Croasdale et al, 1988).
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Figure 6: Shearbar data showing one of the high pressure events. Note that although
the pressure magnitude is similar to that measured by the microcell on the same date,
the shearbar shows the event much more clearly because of the increased sensitivity

(lower full scale)(from Croasdale et al, 1988).



of sensor size. The time of greatest interest is the period c¢ nciding with the M.U.N.
data, March 12 - May 5. During this time, however, very little activity was detected at
the southern quadrant. It appears from the plots (see appendix 1) that the resolution
of the data was =+ 60 kPa which makes it difficult to detect small pressure variations.

Consequently, most of the late winter data is straight line and close to zero (see

dix A). The most d; ti ion occurred on April 15th, when both sensors
active on caisson 4 measured pressures exceeding 1.0 MPa. This la<ted about 2 hours
and although no similar change in pressure was observed at any of the other caissons,
it appears to be an actual event rather then an equipment malfunction. Similarly,
early winter pressure events were usually detected by more than one sensor but often
not by all the expected sensors. Interpretation of this data with regard to average
pressures is therefore not so straightforward.

In conclusion, no pressures over 300 kPa were recorded at any of the southern
caissons during the M.U.N. field period, except for the April 15th (julian day 105)
event, and in general, pressures were less than 100 kPa. The low pressures, combined
with 60 kPa resolution, make it difficult to compare the microcell data with other

data on an event by event basis.

4.2.2 NRC Data

The National Research Council of Canada was responsible for collecting rubble field
pressure panel and survey data. Field work started in late December 1986 and ended
in early May. Fourteen pressure panels were installed in the rubble in 4 groups (ar-
rays). As these were installed while the sea ice was still active (not landfast) three
of the arrays were placed to the northwest of the CRI (see figure 7), where rubble
formation was most likely. The fourth array was placed to the southeast to coincide

with the M.U.N. i As expected, ice caused rubble building to
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