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Abstract

The interaction of grounded ice features with underlying seabed is one of the major

considerations in the design of Arctic pipeline systems. Regarding the development of
offshore gas fields near Sakhalin Island, which is an ice-infested area, in this paper an ice
scour model to determine the burial depth of Arctic offshore pipeline is studied. Using a
simplified ice-seabed interaction process, ice scour depth is easily estimated. This nonlinear
numerical model can simulate the scouring process for various environmental parameters
such as ice mass, incoming velocity, soil strength. This study also deals with interacting

forces during the scouring process in sloping seabed conditions and discusses the ice loads

that are transmitted through the seabed soil.
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Fig. 1 Schematic diagram of ice scouring process
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Table 1 Input data for Sakhalin Offshore
"""""" Sakhalin Offshore

. W;sgut;, 100000 _
B XL XHm) | 20x20x278
| Velocity (m/s) 15 |
bropertes | ol Draft (m) N
| " Unit Weight (ton/m’) 09 |
Drag Coefficient 10
Added Mass Coefficient 1.0
Effective Urnt3 Weight 10 E
(ron/m’) )
_bhtar Strength (ton/m") 1 50 —ﬁ
Sail Intemnal Fx(i%tion Angle %
Properties = Dynamic Friction r 01
Coefficient -
Surcharge Soil Slope 1/10
i Seabed Slope | 17100 M@O
Sea Water| Unit Weight (ton/m’) s |
Condition | Current Velocity (mvs) | 15 |
) Scour Curve ) = o
c = 6.250E-06

Table 2 Maximum forces and ice scour depth for

Sakhalin Offshore
. Present
ngbed Descriptions Chari's | ppogel Remarks
ope Model 3
o) =
Scour Depth 10 1.0
Horizontal Force | 243 187
Vertical Farce | 125 Mmoo |M =

/100 | Side Friction | - 67 10° ton

 DragFoce | 5 | %
Horzontal Stress| 121 3B lu =15mbs
| Vertical Stress | 57 | 0.0
Scour Depth 035 - v =187
Horizontal Force | 89 - ton/m’®
| Vertical Force 37 -

1/1000 | Side Friction - 7= 0510m
~_ Drag Force 57 - (max 2.13 m)
Horizontal Stress | 11.7 -

Vertical Stress | 4% -
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Table 3 Input data for parametric study

[ CaeNo | Casell] Case12 ] Case-13] Caser 4 | CaseT5 | Case-16
ke Weght | 10000 | 10000 | M9 1 oo | roge0 | MKE,
keBradh | B | 400 | 8% | 1406 | XD | 65
kelagh | 16 | @A | 171 | 08 | 518 | D6
lebegh | 5% | 2% | 08 | 15 | AB | 29
bitd Dt | 1340 | BS | 0 | oF | 2N | &8
Tital Veloity 15 ms
Unit Weight 09 ton/n’

Soll Unit Weight | 1 v

Intermal Friction Angle I

Kinetc Fricion Angle 01 or 0

Surcharge Soil Angle 5

Water Unit Weight 1065 ton/i
Seabed Slope 110
Current Velocity 15 ms
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Table 4 Maximum forces and ice scour depth for
parametric study

T
Case-11 | Case-12 | Case-13 | Case-14 | Case-15 | Case-16
ScowDegth, Z | 05 | 0% | 138 | 0@ | 09 } 14
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Drag Force, Fr | IL1 | 332 | 2406 | 60 | 21 136.7‘<
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, . ) .
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Po-PeeN | %0 | 368 a6 85 | W5 |
Efetive Weight, W/ 151 | 1804 | 296 | %7 | 368 | 3B5
Botom Reaction, N | 80 | 280 | 00 | 40 | 360 | 3810

Frontal Vertical

45 | B0 | M) 34 N4 ) 1R
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A T ]
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Fig. 9 Effect of parameters on ice scour depth
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