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The drift of sea ice ridges and hits on an offshore structure with dimensions 200 m by 200 m

have been studied for the Dolginskoye oil field in the Pechora Sea. The calculations were

made with the computer program ICEBERG. The mean drift speed of the ice ridges was

found to be 0±21 m}s with a maximum speed of 0±89 m}s. The expected number of hits per

year was calculated to be 737. It was assumed that a total number of 133000 sea ice ridges

would be produced in (or have entered) the Pechora Sea per year. Under the same

assumption, the expected number of ridges entering a safety zone around a platform of

1852 m by 1852 m was found to be 5649. However, due to uncertainties concerning the

population of ridges, their shapes, sizes, drag coefficients and tidal action, the results should

be used with care and only considered as indicative. The ridge drift pattern was

predominantly to the northeast in the winter months. A structure located at Dolginskoye will

most probably be exposed to sea ice ridges that are formed in the area around Khodovarihka.
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1. INTRODUCTION. Sea ice ridges are formed by compression or shear in the

ice cover. Normally their thickness exceeds the surrounding sea ice thickness (Timco

and Burden, 1996; Høyland and Løset, 1999). Thus the loads these ridges may exert

on offshore structures should be considered in the design of such structures. A

possible offshore development in the Pechora Sea will require estimates of the

physical environmental loads. One part of these investigations will be to examine the

drift pattern and speeds of sea ice ridges.

Ice ridges that drift into shallow waters may cause scouring and damage to

pipelines and other equipment placed on the seabed. Impact between installations or

ships and ice ridges may also cause serious damage and danger of oil spills. The

consequence of oil spills in arctic waters could be a major disaster, and concern about

the environment must therefore be given a high priority.

The paper starts by briefly explaining the balance of momentum of ice drifting at

sea. Thereafter it elaborates on the environmental factors that govern the drift and

the implementation of these equations in the computer program ICEBERG. The rest

of the paper is devoted to a discussion of the environmental inputs to the simulation

and the estimation of hit rates.

2. BALANCE OF MOMENTUM. The drift of icebergs and sea ice ridges is

different in that icebergs are exposed to pressure forces from current and wind while

81

https://doi.org/10.1017/S0373463300001144 Published online by Cambridge University Press

https://doi.org/10.1017/S0373463300001144


82 KENNETH JOHANNESSEN AND OTHERS VOL. 54

ridges are exposed to both pressure drag and skin friction. Furthermore, icebergs

have a much deeper draft than ridges, and this means that the vertical current profile

is quite important for the estimation of iceberg drift. However, with this in mind,

most of the terms from the theory of iceberg drift can be used when estimating the

drift of ice ridges at sea.

To find the movement of an ice ridge at an initially known position, we simply

integrate the speed at which the ridge is moving. To find the speed we integrate the

acceleration found from Newton’s Second Law:
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is acceleration due to Coriolis

where f is the Coriolis parameter and k is the unit vector in vertical direction. The other

factors in (1) are : F
a
– air form drag, F

w
– water drag, F

r
– wave radiation force, F

s

– sea ice drag, and F
p

is the horizontal pressure gradient force exerted by the water

on the volume that the ice ridge displaces.

3. ENVIRONMENTAL FACTORS

3.1. Wind. The air drag force is given by:
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where: A
a
is the cross-section area above the water and normal to the flow, ρ

a
is the

density of air, C
a

is the air drag-coefficient and rV
a
®V

i
r is the absolute relative

velocity between air and the ridge.

If the sea is covered with ice, the friction between the ice and the air will cause a

force called skin-friction acting on the ice. This force will also depend on the relative

velocity between ice and wind and can be expressed as:
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where: A
asurf

is the area of the ridge surface}ice flow surface and C
asf

is the air skin-

friction coefficient.

3.2. Current. The current comprises several components such as geostrophic

current, wind driven current, tidal current and inertial current. The first three of these

current components will give a relative velocity between ice ridge and water, V
w
®Vi,

and contribute to a water drag force on the ridge. V
w

is the water speed, while V
i
is

the ice ridge speed. This drag force will also depend on the water density, ρ
w
, the

submerged cross-sectional area, A
wd

, and a water drag coefficient, C
w
:
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4. ICE RIDGE SHAPES. The shape of ice ridges has been studied by a

number of authors. The best overview is probably given by Timco and Burden (1996).

Compression or shear in an ice cover forms sea ice ridges, and a typical ridge will

consist of a mixture of ice blocks, slush, water and air. The data on ice ridge shapes

in the Pechora Sea is sparse. To find the drag forces, the cross-sectional areas normal

to the wind and current both above and below the water line must be known.
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Figure 1. First-year ice ridge: where h
k

is the maximum keel depth (m), h
s
is the maximum sail

height (m), W
k

is the keel width (m). Further, A
k

is cross sectional area of keel (m=), A
s
is cross

sectional area of sail (m=), a
S

is inclination of sail (°), a
K

is inclination of keel (°).

The keels and sails of ice ridges usually are much less than for icebergs, while the

size of the surface areas may be similar. Also the skin friction must be assumed to

have an influence on the drift. Further, the ice ridge mass is needed in order

to find the acceleration according to Newton’s Second Law (1). To simplify the

calculations, a standard ridge shape based on physical observations should be used

to find the above mentioned parameters.

Høyland and Løset (1999) observed a ridge that was located in the Van Mijen fjord

at Spitsbergen. This ridge was 15 m long, 10 m wide and had a maximum sail height

of 1 m. The initial keel depth was 4±4 m.

Timco and Burden (1996) obtained details on 176 ridges from 22 different sources

in the Beaufort Sea and temperate waters. Of these, 112 were first-year and 64 multi-

year sea ice ridges. From the collection of the data on ridge shapes and sizes, definite

relationships were found between several ridge properties. Figure 1 shows the basic

element in an ‘average’ first-year ice ridge.

In the Pechora Sea, the occurrence of first-year ice is predominant, but some multi-

year ice ridges will drift from the Kara Sea, through the Kara gate and into the

Pechora Sea (Gudmestad et al., 1999). Both types of ridges may therefore be expected

to appear in these waters.

By comparing the ice ridge observed by Høyland and Løset (1999) with the Timco

and Burden (1996) ‘average’ first-year ice ridge, there seems to be a good agreement

between the parameters of the cross-sections. For the lack of better data, we therefore

assume that the results from Timco and Burden (1996) can be used in the Pechora

Sea. No information was found on drag and added mass coefficients for ice ridges.

5. THE COMPUTER PROGRAM – ICEBERG

5.1. General. ICEBERG is a program written in MATLAB4 code that

calculates the drift of an ice ridge on the basis of the force exerted by several physical

environmental factors. Some explanation of the basics of ICEBERG will be necessary

for the reader to understand the calculations performed and the subsequent results.

A detailed description of ICEBERG is given in Johannessen (1998).
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Figure 2. Ice ridge shape used in ICEBERG.

5.2. Numerical Model. The ice ridge drift track, x
i
(t), is determined by solving

the following system of equations:
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s
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V
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and F

r
is independent of the velocities. Initial conditions needed to solve

equations (5) and (6) are the ice ridge start position and start velocity. All the drag

forces in (6) are expressed as functions of relative velocities, and the difference

between ice ridge and water velocity is considered as the unknown variable.

The water velocity – Vw, is found by adding the residual current – Vg, the tidal

current – Vtc, and the wind-induced current – Vwi, at the surface. The water drag

forces, however, are treated as two separate forces ; wind-induced water drag force

and drag force from residual and tidal current. This is done because both the direction

and the magnitude of the wind-induced current changes with the depth. If updated

environmental data is available, for example every 30 minutes, equation (6) can be

used to calculate and monitor the drift speed and movement of an ice ridge.

5.3. Environmental Input and Use of Parameters.

5.3.1. Ice Ridge Mass. Regarding the shapes of the ridges, reference is made to

observations by Timco and Burden (1996) as discussed in Section 4. The ice ridge

cross-sections have been extrapolated in the third direction (the length) to find an

estimate of the ridge masses as shown in Figure 2. The mass is then found from the

displaced volume:
M

i
¯A

w
¬L¬ρ

w
[kg], (7)

where: M
i
is the ice ridge mass and ρ

w
is the density of seawater. A

w
is the ice ridge

cross-sectional area below the waterline, assumed parallel to the current. Trig-

onometry and use of the empirical relations given by Timco and Burden (1996), as

shown in Figure 1, gives :

A
w
E 0 h=

s

tan(α
s
)
­W

k
¬0±1235¬T

b1¬8±8 [m=], (8)

where: T
b
is the thickness of the consolidated layer, and the constant 0±1235 is found

from equation (9) and tells how much of the consolidated layer is above the water
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surface (Arntsen et al., 1998). The draft of the ice is assumed to be equal to 7±1 times

the sail, which means that 12±4% of the consolidated layer will be exposed to wind

forces.

Draught¯
ρ
ice

ρ
water

®ρ
ice

¬Sail [m], (9)

W
k
is the width of the keel and, according to Timco and Burden (1996), is typically

15±1 times the maximum sail height – h
s
. The term in the parenthesis in equation (8)

gives the ice ridge cross-section above the water – A
s
, and multiplying this with 8±8

will give an estimate of the cross-sectional area below the water surface (A
w
}A

s
¯ 8±8

according to Timco and Burden ,1996).

5.3.2. Wind Drag. The wind drag is found by using equation (2) with the

following values : A
a

is the projected area above the water and normal to the wind.

A
a
is found by assuming the ridge to drift with its long side normal to incoming wind

as shown in Figure 2.
A

a
¯L¬h

s
[m=], (10)

where: L is the length of the long side of the ice ridge if it is rectangular as shown in

Figure 1. If the surface shape is more circular, the ice-flow diameter will be used rather

than the length. Further, h
s
is the maximum ice ridge sail height and C

a
is the wind

drag coefficient recommended by Bigg et al. (1996) for icebergs. C
a

was derived by

Chiriwella and Miller (1978) and Smith (1993), and equals 1±3. The air density ρ
a
is set

equal to 1±25 kg}m>. The relative velocity between wind and ice ridge speeds is

calculated as the wind speed alone since the ice ridge speed normally is very small in

comparison and can be neglected. The wind speed and direction are found from the

national meterological office (DNMI) hindcast archive.

5.3.3. Skin Friction. The skin friction is found by using equation (3), and

inserting the following values : A
asurf

is the surface ridge area above the water where

the wind friction acts. Table 1 is found from Losev and Gorbunov (1977), and gives

Table 1. Ice flow area distribution (Losev and Gorbunov, 1977).

Flow area, km= 0–0±01 0±01–0±03 0±03–0±1 0±1–0±3 0±3–1±0 " 1±0

Prob. of occurrence 23% 6% 10% 10% 20% 31%

the ice-flow area distribution in the Kara Sea. Because of the lack of corresponding

information for the Pechora Sea, this distribution is used to define the surface areas

in the simulations performed with ICEBERG. The skin friction coefficient ®C
asf

is

set to 2¬10−>.

5.3.4. Waves. The ice ridges are usually surrounded by sea ice, which effectively

will quench the waves. The force from waves is therefore be neglected in the

simulations.

5.3.5. Sea Ice. In the simulations, the sea ice force is set to zero. It is likely that

the ice ridges will drift with the sea ice, and not because of it.

5.3.6. Wind-induced Current. The wind-induced current is neglected in the ice

ridge simulations. This is done because the assumption is made that the polynyas are

small compared to the area covered with ice. The wind will mainly act on the ice flows

with a skin friction force instead of inducing a water surface current.
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5.3.7. Geostrophic Current. Slagstad and Wassmann (1995) described a 3-

dimensional model that simulates the current field in the Barents Sea. The model uses

data input from meteorological stations and data from DNMI hindcast database.

The current patterns from this model are implemented in ICEBERG.

5.3.8. Tidal Current. The tidal current used in the simulations is found by use of

appropriate parameters in Gjevik et al. (1990). However, the quality of the model for

the Pechora Sea has never been verified.

5.3.9. Force from Water Current. The geostrophic current vectors are super-

imposed with the tidal current vectors and used in the drag formula given in equation

(3). The water density – ρ
w
, is set equal to 1025 kg}m>, and the drag coefficient – C

w
,

is set equal to 0±9. The cross-section area normal to the incident flow- A
wd

, will be

equal to the keel depth multiplied by the ice flow diameter}length. The ridges are

assumed to drift with their widest sides normal to the incident currents as shown in

Figure 3.

Figure 3. Ice ridge orientation when exposed to wind.

5.3.10. Coriolis Force. The Coriolis force is found from the first term on the right-

hand side in equation (1) using the following parameters : M – the ice ridge mass,

equals the product of displaced volume – x, and the water density – ρ
w
. The added

mass – m
a
, is neglected due to entrained melt-water carried along with the ridges

(Smith, 1993).
M¯m

i
¯ 7±1¬Sail¬W

k
¬L¬ρ

w
[kg], (11)

where f is the Coriolis parameter :

f¯ 1±45¬10−?¬sin (Ice®ridge-latitude) [rad}s] (12)

6. ICE RIDGE HITS. To determine the risk of an ice ridge hitting a structure

located at a certain position, a method described by Mathiesen et al. (1992) is used.
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Figure 4. The start locations of ice ridges in the Pechora Sea.

The hit probability is divided into a global and a local probability. The global hit

probability is defined as the probability of an ice ridge entering an area centred on the

structure. The local hit probability is the probability that an ice ridge having entered

the area will hit the structure; that is, enter a safety zone surrounding the structure.

The estimated number of ice ridges hitting the structure per year is obtained from:

E
N

¯P
l
¬P

g
¬N, (12)

where: P
l
and P

g
are the local and global probabilities respectively, while N is the

average number of ice ridges produced in the area of interest per year.

The size of the area used should reflect the uncertainty of the simulations

performed. Poor quality in the simulations would claim a wide area and the opposite

if the quality is good. The safety zone for an offshore structure would normally be one

nautical mile or one hour of ice ridge drift, whichever is the least.

6.1. Risk Analyses in the Pechora Sea. The field used in this hit analysis has been

the oil field Dolginskoye. Ice ridges starting from different positions in the Pechora

Sea have been simulated, and the number of ridges entering an area of 10¬10 km

centred on an imaginary structure at Dolginskoye have been counted. The mean and

maximum speeds of the ridges have been measured.

The ridges are assumed to have shapes as described in section 4, and the

simulations were started from the five areas shown in Figure 4. The density of ridges

in these waters is approximately as follows (Gudmestad et al., 1999) :

A. Kolguyev, 1–2 balls

B. Khodovarikha, 3–5 balls
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C. Varandey, 3–5 balls

D. Kara Gate, unknown.

E. Novaya Zemlya, 3–5 balls

Common for all starting positions was a water depth in the range of 15 to 25 m,

i.e. in the shear zone. The ridges started from position D, the Kara Gate, and consisted

of multi-year ice while the others consisted of first-year ice. No information was

found on the number of ice ridges that start to drift in the Pechora Sea each year. In

the Okhotsk sea, however, the average ridge length is about 500 m if the ridge

extension is 1 ball and 144 m for 4 balls (Astafiev et al., 1997). The specific ice ridge

length at the Prirazlomnoye field in April 1999 was 7±9 km}km= and near Varandey

5±4 km}km= (Pechora Sea, Ice Research Expedition 1999). This information was used

together with the length of the coast and the average width of the shear zone to give

some coarse estimates on the number of ridges in the Pechora Sea, Tables 2 and 3.

Table 2. Estimated number of ice ridges formed in the transition zone in the Pechora Sea per year.

Start position (A) Kolguyev (B) Khodovarihka (C) Varandey (D) Kara (E) N.Z. Total

No. of ridges 6600 52000 46000 1000* 27000 132600

* Not an estimate, only a suggested value.

Table 3. Probability that an ice ridge in the Pechora Sea is formed at various locations (in %).

Start position (A) Kolguyev (B) Khodovarihka (C) Varandey (D) Kara (E) N.Z.

Number of hits 5±0 39±2 34±7 0±8 20±4

The ice period in the Pechora Sea lasts from the beginning of November to the end

of July (Gudmestad et al., 1999). The ice ridge drift simulations have therefore been

performed within these months. The fact that the ice regime will be different from the

middle of the winter to the spring has not been accounted for. According to Romanov

(1993), the ridges in the summer are being almost entirely melted down and therefore

are not considered as a threat to offshore structures. The simulations were stopped if

the ridges grounded or left the area of interest, i.e. the area shown in Figure 4. The

forces used in the simulations were as described in Section 3. The ice ridge parameters

needed, such as Length or Diameter, L or D, were found from the area distribution

in Table 1.

The maximum sail height-h
s
, was taken to be one metre in accordance with the ice

ridge observed by Høyland and Løset (1999). This value is consistent with

measurements from the Pechora Sea in 1999 when the average sail peak was measured

as 1±8 m. (Pechora Sea, ice research expedition 1999).

The thickness of the consolidated layer – T
b
, was given a value of two metres. This

was based on the assumption that the consolidated ridge layer thickness is

approximately twice as large as that for the level ice, and from Romanov (1993) that

the level ice thickness during the winter in the Pechora Sea is approximately one

metre.

6.2. Local Hit Probability. The local hit probability was determined from the

simulation of 100 drift tracks for ice ridges within a 10 km¬10 km local area. The
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Figure 5. Track of 100 ice ridges simulated from Dolginskoye.

simulations were all started at the centre of the area and stopped if the ridges had

drifted outside it. The start time of simulations was chosen randomly in the period

between November 1 and May 30. The purpose of these simulations was to determine

whether or not the ice movement was linear inside the square.

In order to determine the local probability, areas or windows of the same size were

positioned arbitrarily along the simulated ice ridge tracks. Each segment of the tracks

within such a window was analysed used a method applied for determination of the

fractal dimensions of a curve in a two-dimensional space (Voss, 1988). The basis of

this method is as follows:

(a) The square window is subdivided into smaller windows or boxes of size L
b
¬L

b
.

(b) The number of boxes containing a part of an ice ridge track is counted.

(c) The above procedure is repeated for diminishing box sizes. In this study, the

smallest box size chosen was 1 km¬1 km.

(d) The number of boxes N(L
b
) versus box side is plotted on a log-log scale.

The fractal dimension D is defined as the (negative) slope of the log(N(L
b
)) versus

log(L
b
) line assuming that :

N(L
b
)¯C¬0Lb

L
;

1-D, (13)

where: C is constant, and L
;

is a scaling factor.

Having established N(L
b
) from equation (13), the local hit probability P(L

b
)¯P

l

for an area of size ∆A¯L
b
¬L

b
can be expressed by:

P(L
b
)¯N(L

b
)¬0∆A

A 1
P(L

b
)¯C¬0Lb

L
;

1−D

¬0 L=
b

k[L=

;
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P(L
b
)¯ 0Ck1¬0

L
b

L
;

1=−D
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Figure 6.(a) Log(number of boxes) versus log(box size), (b) Mean value of tracks simulated.

Table 4. Local hit probability, i.e. the probability that an ice ridge having entered the 10 km¬10 km

area centred at 69°30«N 55°30«E (at the centre of the Dolkinskoye field in the Pechora Sea) is to

enter a box of size L
b
¬L

b
within this area.

Box size (L
b
)

100 m 200 m 1000 m

Probability 6±75% 13±05% 61%
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Figure 7. Simulations performed for the season 1987 to 1988. Started from Kolguyev,

position A.
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Figure 8. Simulations performed for the season 1987 to 1988. Started from Khodovarihka,

position B.

72

71

70

69

La
ti

tu
d

es

51 52 53 54 55 56 57 58 59 60 61
Longitudes

Figure 9. Simulations performed for the season 1987 to 1988. Started from Varandey More,

position C.
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Figure 10. Simulations performed for the season 1987 to 1988. Started from the Kara Gate,

position D.

72

71

70

69

La
ti

tu
d

es

51 52 53 54 55 56 57 58 59 60 61
Longitudes

Figure 11. Simulations performed for the season 1987 to 1988. Started from Novaya Zemlja,

position E.
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where: A¯k[(L
;
)= is the size of the (10 km¬10 km) window area. For instance, if

L
;
¯ 1±0 km, k¯ 10¬10 ¯ 100.

The 100 ice ridge drift tracks simulated for the computation of the local hit

probability are shown in Figure 5. The plots of the number of boxes visited versus box

size, N(L
b
) versus L

b
, for these drift tracks are shown in Figure 6 (a), while Figure 6(b)

shows the resulting weighted average N(L) versus L relationship. By inspection of

Figure 6 we see that C¯ 61 (provided that L
;
¯ 1±0 km) and that D¯ 1±05

Consequently, the local iceberg hit probability is given by:

P(L
b
)¯ 0±61¬0Lb

L
;

1;
±
D@

L
;
¯ 1±0 km (15)

By inserting for different box sizes in the above formula we obtain the results as

presented in Table 4.

6.3. Global Hit Probability. The simulations from the positions shown in Figure

4 were performed for the seasons 1987 to 1990. The results from the season 1987–88

are shown in the Figures 7 to 11. Grounded ridges are marked with a black star.

The number of ice ridges simulated from each position were 100 per year giving a

total of 1500 simulated ice ridge trajectories in the Pechora Sea. Out of these ridges,

39 did enter the 10 km¬10 km area centred on the structure. As can be seen from the

Figures 7 to 11 and from Table 5, most of these ridges started from Khodovarikha,

position B.

Table 5. Number of ice ridges entering the 10 km¬10 km area centred at the structure sorted after the

ice ridges origin.

Start position (A) Kolguyev (B) Khodovarihka (C) Varandey (D) Kara (E) N.Z.

Number of hits 6 23 10 0 0

The mean drift speed during the computations was 0±21 m}s, and the maximum

speed achieved was 0±89 m}s. This average speed is close to the findings by Løset and

Onshuus (1999). Based on the analysis of four Argos positioned drift buoys deployed

on the drift ice in the Pechora Sea, they estimated an average drift speed of 0±19 m}s.

From the results in Table 5 and the estimates in Tables 2 and 3, the global probability

of hit is 4±3%.

P
g
¯ 0±05¬

6

300
­0±392¬

23

300
­0±347¬

10

300
¯ 0±0426E 4±3%

By looking separately at the ridges simulated from Khodovarihka the probability

of hitting the 10 km¬10 km area is found to be approximately 7±7%.

P(Hit)¯
23

300
¯ 0±0767E 7±7%.

It should be noted that the simulations show that it is likely that the ice ridges will

ground offshore Varandey, near Dolgy islands and in the Kara gate. This is in

accordance with observations (see Spichkin and Egorov (1995), and Losev and

Gorbunov (1977).)

6.4. Overall Ice Ridge Hit Risk. The expected number of ice ridges reaching the

Dolginskoye area per year is given by:

E
N

¯P
l
¬P

g
¬N
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where: P
l

is the local hit probability and N the average number of ice ridges

produced in the Pechora Sea per year.

If the local area is taken to be a 200 m¬200 m area centred at the structure, the

local hit probability is P
l
¯ 13±05% as given in Table 4.

Since the estimates for the average number of ice ridges – N, produced in the

Pechora Sea per year were very coarse, the expected number of ice ridges hitting a

structure have been expressed as a function of annual production of ice ridges in the

Pechora Sea, N, as given in Table 6.

Table 6. Expected number of hits between ice ridge and structure.

Annual number of ice ridges produced, N 50000 100000 132600 150000

Expected number of hits per year 278 556 737 834

Expected number of ridges entering the platform

safety zone per year (¯P
g
¬1¬N)

2130 4260 5649 6390

7. DISCUSSION. The hit risk estimates found from the simulations are very

uncertain, and conclusions based on the analyses of this work should not be relied

upon. Nevertheless, the program ICEBERG has been developed to carry out hit

analyses using the method presented in this paper. This makes it possible to perform

new analyses easily and to calculate better hit risk estimates as soon as more

information about the ice ridge regime in the Pechora Sea is available.

7.1. The Drag Forces. Both the wind drag force and water drag force are

calculated by use of drag coefficients found for icebergs. A drag force will strongly

depend on the shape of the body on which the wind}current is acting, and it is not

likely that an ice ridge will cause the same disturbances as an iceberg.

By investigating the current in the waters where the simulations were performed,

it was found that the tidal current contribution would be significant. Unfortunately,

the tidal current model used has never been verified for the shallow waters in the

Pechora Sea, and this represents the major uncertainty in the simulations performed.

7.2. Assumptions made about the Ice Ridges. The choice of a constant maximum

sail height – h
s
, and thickness of consolidated ice layer – t

b,
was made because of the

lack of information about the distribution of these parameters. Observations of ridges

with sail height higher than four metres (Golovin et al., 1996) indicate that there exist

much larger ridges than used in this hit analysis. A statistical distribution for these

two parameters, as for the surface area, would be recommended for use if available.

The size and shape of the ice ridges have been constant during the simulations. This

is done mainly due to lack of formulae for calculating the ice ridge melting terms.

7.3. Bottom Topography. The fact that the water level taken from a sea map is

given for the lowest low-tide, implies that the water usually is deeper than assumed

and that grounded ridges could have drifted significantly longer.

7.4. The Hit Analysis. The global hit analysis should have been performed over

a much longer period with several more ice ridges started in different positions at

different times. The number of ridges that are produced, the size of them, the

prevailing wind and currents are known to be different from year to year, and

simulations for only three years are not sufficient to take these variations into

consideration.
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8. CONCLUSIONS. The predominant ice drift direction during the winter

months is to the northeast (November-May). If the model used for calculating tidal

current is correct, the influence of tidal current on the ice ridge drift will be very

strong. For the Dolginskoye field the following estimates can be given:

(a) The mean drift speed of the sea ridges was found to be 0±21 m}s with a

maximum speed of 0±89 m}s.

(b) For a 200 m¬200 m wide structure, the expected number of hits per year

was calculated to 737. It was assumed that a total number of 133000 sea

ice ridges would be produced in (or have entered) the Pechora Sea per year.

Under the same assumption the expected number of ridges entering a safety

zone around the platform of 1852 m¬1852 m was found to be 5649.

(c) A structure located at Dolginskoye will most probably be exposed to sea ice

ridges that are formed in the area around Khodovarihka.

(d) The ridge drift pattern shows a dominant drift towards northeast in the winter

months.

These estimates are just indicative since there are many uncertainties in the input

data such as ridge production}population, shapes, sizes and forcing. Thus a final

conclusion about the expected annual number of hits cannot be drawn. The results

of the simulations are, however, encouraging, suggesting that the method could be

used to find the risk of hits between offshore structures and ice ridges accurately in

the Pechora Sea.
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