View metadata, citation and similar papers at core.ac.uk

brout

Innovation...

découverte
a l'inmovation...

NRC Publications Archive
Archives des publications du CNRC

Numerical Modelling of Ice Interaction with Rubble Mound Berms in the

Caspian Sea
Barker, Anne; Croasdale, K.

Publisher’s version / Version de I'éditeur:

Proceedings IAHR Symposium on Ice, IAHR'04, 2, pp. 257-264, 2004-06-21

NRC Publications Record / Notice d'Archives des publications de CNRC:
http://nparc.cisti-icist.nrc-cnrc.gc.ca/npsi/ctri?action=rtdoc&an=12327166&lang=en
http://nparc.cisti-icist.nrc-cnrc.gc.ca/npsi/ctri?action=rtdoc&an=12327166&lang=fr

Access and use of this website and the material on it are subject to the Terms and Conditions set forth at

http://nparc.cisti-icist.nrc-cnrc.gc.ca/npsi/jsp/nparc_cp.jsp?lang=en
READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE.

L’acces a ce site Web et I'utilisation de son contenu sont assujettis aux conditions présentées dans le site

http://nparc.cisti-icist.nrc-cnrc.gc.ca/npsi/jsp/nparc_cp.jsp?lang=fr
LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Contact us / Contactez nous: nparc.cisti@nrc-cnrc.gc.ca.

B l] Noionsfeseorsn Conseinaional Canadia

=
ght to you by .. CORE
provided by NRC Publications Archive

W YV 1aScience stewr pour be
From Discovery at work for Ca.rldd

i+l

a.


https://core.ac.uk/display/38556652?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://web-d.cisti.nrc.ca/npsi/jsp/nparc_cp.jsp?lang=fr
http://web-d.cisti.nrc.ca/npsi/jsp/nparc_cp.jsp?lang=en
http://nparc.cisti-icist.nrc-cnrc.gc.ca/npsi/ctrl?action=rtdoc&an=12327166&lang=fr

17th International Symposiumon Ice
Saint Petersburg, Russia, 21-25 June 2004
International Association of Hydraulic Engineering and Research

NUMERICAL MODELLING OF ICE INTERACTION WITH
RUBBLE MOUND BERMS IN THE CASPIAN SEA

A. Barker! and K. Croasdal€®

ABSTRACT

Numerical modelling of sea ige a useful tool in predimg ice rubble formation around
offshore and coastal structures. Such modais capably predicubble height and ex-
tent, allowing engineers to pinpoint “problem” scenariasstouctures where ice inter-
action, and its potential for extensive damaigea concern. Thipaper describes nu-
merical simulations that were conducte@xamine floating ice intaction with a struc-
ture located in the Caspian Sea andltsned surrounding protective rubble mounds.
Spatial and temporal distributions of icgbble pile-up height and depth, as well as
forces on the mounds, were determined. mhmerical model examined a number of
different rock mound configuti@ns, the influence of the direction of ice movement and
ice sheet thickness. The results are compuidd reported pile-p heights, collected
from the field site.

INTRODUCTION

This objective of this paper is to sumnzarithe findings of a numeal model that was
used in conjunction with field work and laladory tests to examine design options for a
drilling site in the Caspian Sea. The papko gives an overview of full-scale condi-
tions for comparison purposes. The numerinadel examined floating ice interaction
with a barge-type structure and the rockumds that were to be constructed around it,
as part of a contract that the Canaditydraulics Centre (CHYCof the National Re-
search Council of Canada carried outtfe Agip Kazakhstan North Caspian Operating
Company NV (AGIP KCO, formerly OKIOC)Sayed and Barker, 2000). The problem
that was to be studied corresponded togiesptions for an exploration-drilling struc-
ture in the Kazakhstan sector oéthorth Caspian Sea (see Figure 1).

The structure, called the Sunkar, is 85 m by 55.5 m. Rubble mounds, along the long
axis, were at one point considered astgxtion for the Sunkairom moving ice, al-
though this layout was subsequently didea Numerical simuteons were conducted

in order to determine, fogach design option, the expected pileup geometries, ice

! canadian Hydraulics Centre, National Research Council of Canada, Ottawa,ON, K1A OR6 Canada
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rubble grounding, and forces orethock mounds and struceurSeveral options for the
layout and dimensions of the mounds weraneixed. The data from these simulations
were then compared with ice measurements taken the following season by K.R. Croas-
dale and Associates, in response to a tersdeied by AGIP KCO for an ice research

and measurement programme for thetN&aspian Sea (Croasdale, 2001).
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Fig. 1. Regional map of Caspian Sea (from Croasdale, 2001)

PARTICLE-IN-CELL NUMERICAL MODEL

Model Description

A Particle-In-Cell (PIC) numerical model déoped at the CHC has been used success-
fully to deal with a number of ice-structurgaraction issues (Sayed al., 2000; Barker

et al., 2000; 2001a; 2001b). The numerical nhagdes a continuum rheology that fol-
lows a Mohr-Coulomb plastic yield criterion. Aassembly of discrete particles repre-
sents the ice cover. The govieig equations consist of tle®ntinuum equations for the
balance of linear momentum and the plagiedd criterion. Thosequations are solved
using a fixed grid. Advectiomand continuity, on the othénand, are handled in a La-
grangian manner. An implicfinite difference method igsed, based on uncoupling the
velocity components and a reédion iterative scheme. Eagiarticle has a fixed vol-
ume, and is assigned an area and a thickdéssach time step the velocities are inter-
polated from the grid to the particles. Thparticles can be indidually advected. From
the new positions, values of particle ared aass are mapped to the grid. The resulting
ice mass and area for each grid cell are tissd to update ice thickness and concentra-
tion. Solution of the governing equations caarttbe carried out using the fixed grid.
Updated velocities and stresses on thedfiged are obtained from the solution. Both
three dimensional and depth-averaged implaatems of the model were used in this
paper; the latter averages the valuesrafsstes and velocities over the thickness. Thick-
ness variations, however, are accounted forsthesses exceed a threshold, representing
a ridging stress, each palcundergoes ridging; i.e. éhthickness increases and area
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decreases, while conserving ice volume. lrerridetails about the model may be found
in Sayed and Carrieres, 1999.

Test Set-Up

The numerical model was used to investgtivating ice interacting with the Sunkar,
and its surrounding protective rubble mound&e simulations that were performed for
AGIP KCO consisted of two base cases ewatth sensitivity and three-dimensional
runs. The first base case looked at one mibibund along the east side of the structure,
and another mound along the west side ofsthgcture. For the second base case, two
mounds (separated by a gap) were placed alangdhkt and west sides of the structure.
Figure 2 shows the general layout. Runs weneducted using different values for the
direction of ice movement, distances beéw the structure and mounds, and gap be-
tween the mounds. The effects of changirgfteeboard and width of the mounds were
also examined. The output of each run gaeeetkttent and spatial distribution of rubble
pileup sail height and keel depth in front of the mounds and the structure. The spatial
distribution of grounding was also given. él'forces on the mounds and the structure
were determined. Overall, thyrthree runs were completed.

Direction of ice movement Direction of ice movement

Y, -/

Fig. 2. General test layout for the test cases. The second case (right) had two mounds on either side
of the barge, with a gap of various widths, rather than the single berm of the first case (left)

The ice thickness used in the runs was lgegther 0.05 m or 0.15 m. These relatively
small thickness values were chosen a&spgredominant thickness during the freeze-up,
when it was anticipated that most of the qifeactivities would take place. The ice had
a constant ice velocity of 0.5 m/s. The walepth was 4 m, with a 1 m freeboard for
the rubble berms. The rubble berms werddwe 1:3 slopes (18° from horizontal). An
angle of internal friction of 30was appropriate for modeling the depth-averaged behav-
iour (as established in prieus studies; e.g. Sayedait 2000). A number of boundary
conditions were used, depending upon tls ten configuration. The boundary condi-
tions could include full-slip (ice velocity pdiel to the boundary), prescribed velocity
(to drive the ice cover) or stress-free @smwnstream of a structure) conditions. The
environmental driving force othe ice sheets was applied via a water drag coefficient,
between 0.5 and 1.5 dependingtha ice thickness. The lower value corresponds to a
maximum applied shear stress of approximately 1.25 kPa éxamtstationary parts of
the ice cover. These valuesdn accordance with obsetians of ice jams (Beltaos,
1995). Overtopping of the rubble mound sttwes was not permitted, although addi-
tional tests did examine this scenario. T&hggnulations showed that ice pileup would
not overtop a mound with 1 m freeboard. Bdower freeboard of 0.5 m, a pileup would
spill some ice rubble on the top of the mouhdt all rubble is stopped in front of the
mound. Therefore, the structure remained protected.
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Summary of test results

The spatial distribution of ice rubble pileuposted that almost all of the pileup occurs
against the East mound (Figure 3). Thecure and West mound were sheltered from
the ice and forces there were negligibléed} against the East mound appeared to form
in rings. Once a maximum thickness (heighd depth) were reached, the pileup ex-
tended outwards, upstream. The pileupuguded on the slopes of the mound and sea-
bed. Forces on the mounds were calculatedhtegrating the normal stresses acting di-
rectly on the mound and grounding shear stre§desforces on the structure were cal-
culated by integrating the normal stressestsainterface with the ice. The resulting
maximum pressure of 2 kN/m is in accande with observations (Masterson, 2000).
The total force on the mound was approxima@ykN, which was, as expected, rela-
tively low. For a quantitative description tfe pileup, the sail ight and keel depth
were plotted along several cross-sections; an example is shown in Figure 4. The sensi-
tivity runs for Case 1 gave quantitative esties of the effects of changing ice direc-
tion, mound length, and separation distabe&veen the structure and the mound. The
direction of ice movement olisly influenced the effectness of rubble mounds to
protect the structure. The effect of theparation distance became pronounced with in-
creasing angle of ice movement direction. Tdrger separation exposed the structure to
more ice action. Increasing the lengthtbé mound increased @hprotection of the
structure, particularly for oblique anglesioé approach and larger separation distances.

Fig. 3. Ice interacting with a rubble berm. The Sunkar is on the left hand side

8
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Fig. 4. Cross-sectional view of development of sail and keel thicknesses over time.
Note the grounding and steep angle of repose

For the second case, at the eatigges of the run, pileupsrifoed in front of both East
mounds. The ice sheet also passed thrabhghgap between the mounds and a pileup
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developed against the strucuAs the pileup against tis¢ructure grew, it reached the

gap, which eventually filled with groundede. Afterwards, a single grounded pileup
developed in front of the both the East mounds. Once this occurred, the two adjacent
mounds acted as a single large mound, whioliged shelter for the structure. With a
larger ice sheet thickness, the pileup formed and grounded in the gap between the
mounds. For a larger separation distance éetvthe mounds and the Sunkar, the pileup

in front of the structure obviously took lorrg® reach the gap. Increasing the angle of

ice movement (from the x-direction to ablique angle) was shown to expose larger
parts of the structure to i@etion. Also, the gap between mounds appeared to block ear-
lier. The latter result is expected since tirojected gap width normal to ice movement
would be smaller. The larger gap and torresponding smallemound length produced
pileup in front of each mound and the strueturhe larger separation distance exposed
the structure to increased ice action. In cagesre the gap was gteat, the gap did not
become blocked. Additionally, a run was doneskamine the stability of an existing
grounded pileup under the action of a moving sheet. The results showed that the
grounded pileups did not move under the actibthe moving ice sheet. Instead, a new,
grounded pileup formed on the South sides efakisting pileup and the structure. Only

a small part of the initial pileup, west thfe mounds, that was not firmly grounded was
cleared by the moving ice sheet.

MEASURED FULL-SCALE FEATURES

The full-scale data was collected in Redmy 2001 (Croasdale, 2001). The main focus

of the project was to examine groundeé rubble and ridge features. The measure-
ments that were collected that pertain tis fhaper included ridgkand rafted ice thick-

ness and geometry, ice pile-up geometry laliodk size distribution and other measure-
ments concerning sea water and ice propei@egsrall, fourteen features were surveyed
over the course of the month. General descriptions for each feature are shown in Table 1.
With respect to the ice conditions in the area of the drill site, ice is generally present from
December to March, with a mean leveg ithickness ranging bed&n 0.3 nto 0.5 m.

The water depth is quite shallow (the watepttidn the study area is 4 m), with a deep-

est depth of approximately 10 m. Ice ridgiand rafting occur fopently in the area,

with keels scouring the seabiedthe case of the formek photograph of one of the fea-

tures is shown in Figure 5. Table 1 lists the sail and keel measurements, water depth and
level ice thickness for each feature, as vaslsome other pertinedetails, where avail-

able. Feature 14 is omitted, as it was a smgndt various locations. The average sail
(pile-up) height of the obseed features was 3.3 m, withmaximum height of 6.6 m.

The average thickness of the surroundingsioeet was 0.33 m. The water depth varied
from 2.0 to 5.9 m, and most of the fersts had grounded on the seabed. Croasdale
(2001) discussed that it appeared that ite yps in the Caspian could be higher than
other regions (for the same ice thickness)iciwthe attributed to the shallower water

and reduced ice friction betweeareiblocks due to lack of snow.

COMPARISON WITH FULL-SCALE DATA

A direct comparison between the full-scalgadand the numerical results is difficult,
given that most of the full-ate features were not genedhtdue to interaction with a
structure such as the Sunkar. Neverthelegspossible to compare the results by exam-
ining the relationship between the surroumgdievel ice thickness and the generated
pile-up height. Figure 6 shows two views oé ithat did, however, interact with the pro-
tective piles that were used at one point tolgdtilee Sunkar. As can be seen in this figure
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and Figure 5, the pile-ups coube quite steep. This was also observed in the numerical
results, as shown in Figure 4.

4

Fig. 5. Photo of typical feature surveyed in the Caspian Sea (Croasdale, 2001)

Table 1. Details of full-scale features surgdyn Caspian Sea (after Croasdale, 2001)

Dominant
Feature | Feature | Feature heo | h h hoo ice Comments
Number | Length | Width | "sa | "ked | Hwater | Hlevelice | thjck ness
at pile-up
m m m m m m m
1 na na 3.0] na 2.0 0.23 Rubblgile
2 150 50 66| 26 | 26 | 0.35 0.30 g’”rg””ded ridge/rubble
3 30 o5 30| 25 o5 0.32 'F:Qubble pile within 1 km of
eature 2
4a 80 20 3.2| 2.0 2.0 035 Serie®f ridges
4b 50 20 3.6| 2.0 2.0 0.35 Seriesf ridges
5 na na 3.2| 35 3.5 0.13 Serie®f ridges
6 na na 3.7 35 3.5 0.19 Seriesf ridges
7 na na 1.6| 3.7 3.8 040 0.16 Seriesf ridges
8 na na na| na na 0.38 Sonar survey south of
(east) piles
9 90 60 5.5 4.3 4.3 0.20 Exposed rock berm
10 30 10 2.1 2.0 2.0 0.07 Rubble pile near Aktote
11 10 10 | 05/ 20| 20| 03 ;Zf;ed ice/floating ridge
Newly formed grounded
12 >1000 50-200 5.6 5.9 5.9 0.17 | ridge and rafted ice ~ 8k
from Sunkar
13 65 50 05! 58 538 2-3 Rafted ice floes in front of
(rafted) ridge
Ice thicknesses and
14 soundings on line from
Aktote to shore

Croasdale (2001) plotted thelationship between the ice thickness and the pile-up
height for a number of the surveyed feat (Figure 7). The plot shows good correla-
tion between dominant ice thickseand pile-up height. A silar chart was created that
included data points from a large numbergebgraphic areas, as well as the Caspian
full-scale and numerical results. This pietshown in Figure 8. The Caspian data is on
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the low-end of the measured itteckness data. In this region, it can be seen that there is
a moderate amount of scatter in the pile-uiglhts encountered witthin ice. However,
both the full-scale and the numerical resultsifawith data from other geographic re-
gions. Note that there are numerous pitethicknesses for the numerical results for
each ice thickness, due to multiple test rurh different configurations in the paramet-
ric study.

SUMMARY

The preceding paper describes irubble pileup geometriemd forces due to an ice
sheet impinging on a structureopected by arrangementsroick mounds, and the asso-
ciated full-scale data for comparison purposSgse chosen driving force and material
parameters produced the expected pildugkness. The maximum grounded thickness
was approximately 10 m, with a correspondpilgup height of 6 m in 4 m of water.
This result is in agreement with the rangeserved in the Caspian (Spring, 2000,
Croasdale, 2001), and other locationshi@ Arctic under relevant conditions.
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Fig.6. Two views of pile-up occurring at piles used to shelter the Sunkar drilling barge (Croasdale, 2001)

y =0.1967x + 0.9745 *

. .

Pile up height above water line
(m)
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Ice Thickness (cm)
Fig. 7. Pile up height versus ice thickness (Croasdale, 2001)
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Fig. 8. Maximum pileup height versus thickness for full-scale and model data
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