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ICE MANAGEMENT IN THE BARENTS SEA

Hans Jensen Norwegian Hydrotechnical Laboratory Norway
Research Engineer

Sveinung Lgset Norwegian Hydrotechnical Laboratory Norway
Head, Section of Ice
Engineering

ABSTRACT

Exploration drilling is moving further north in the Barents Sea. In 1988
the rig "Ross Rig" drilled two wells north of 73° 1latitude southeast of
Bjerngya. In order to maintain a drilling operation with a minimum of
downtime as well as risk due to ice incursion, it is necessary to develop
a strategy for effective forecasting and response to,the ice threat.

This paper briefly describes the ice conditions affecting marine struc-
tures/operations in the western part of the Barents Sea. The ice regimes
are compared with those in Canadian waters where exploration drilling has
been carried out for more than a decade. As a part of the ESSO/SINTEF Arc-
tic Research Program (ESARC), the performance of state of art ice manage-
ment techniques was estimated, primarily from Canadian operations. The
adoption and applicability of these management techniques to the Barents

Sea are presented.

1. INTRODUCTION

The ESARC program covers a range of activities related to exploration
drilling and to all-year oil production in the Barents Sea. The program
has conducted a site specific feasibility study of exploration, production
and transportation alternatives. Three example development sites in the
Barents Sea were chosen to study operating conditions in the seasonal ice
zone.

The performance of different ice management techniques has been esti-
mated for the environmental conditions at the northermost of these

example sites in the Barents Sea. The drilling is assumed to be performed
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by using standard floating drilling units, either semi-submersible drill-
ing rigs or drillships.

The topicality of ice management techniques for the Barents Sea was
stressed in 1988 when the semi-submersible drilling rig "Ross Rig" was
operating north of 73° latitude. The activity was terminated late November
1988. By that time ice features had been observed only 6 nautical miles
from the rig (Vefsnmo et al., 1988). This was the first time ice manage-

ment was employed within Norwegian jurisdiction.
2. THE WESTERN BARENTS SEA ICE REGIME

Investigations in the Barents Sea have revealed great interannual
variations in the dynamics, extension and compositions of the ice fields.
By far the most common ice type in the Barents Sea is the locally formed
first-year ice mixed with second-year ice formed in the same area.
Periodically multi-year ice is imported from the North. Icebergs are also

present in the Barents Sea.

Sea ice

The ocean polar front has a strong controlling effect on the ice edge
during winter and early spraing in the Barents Sea. If the wind causes ice
to drift across the front into warmer Atlantic water to the South, the ice
melts rapidly. The western flank of the front is remarkably stable with an
annual variation within a range of about 100 km (see Figure 1 where the
maximum ice extent is indicated).

Ice charts from the Norwegian Meteorological Institute (DNMI) for the
period January 1976 to July 1988 have been visually inspected to estimate
occurrence and duration of ice periods in the area of interest (Jensen et
al., 1988). These estimates are presented in Figure 2 where a solid line
indicates presence of ice.

Figure 2 shows a window of about 3.5 months between July and November
when no ice has been observed in our study area for the last 12 years. The
weekly ice charts show that the ice edge can change position very rapidly.
This is caused either by freeze-up or drift of the pack, the latter being
of most concern with respect to ice management.

Surveys in the area have revealed that the marginal ice zone normally
consists of brash ice and small floes of thickness 20-100 cm with floe
sizes within the range 5 - 20 m across, even smaller towards the ice edge
(Jensen, 1988; Korsnes, 1988). A maximum first-year ice thickness of 173
cm was recorded at Hopen in spring 1969. Unless the ice is packed by

southerly winds the ice edge consists of bands of ice often several kilo-
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metres long. In January 1988 a large number of thicker ice features like
bergy bits, growlers, old ridges and 20-60 m floes more than 4 m thick

were observed (Jensen, 1988).

Figure 1. Maximum ice extent for 1/10 concentration or higher in the

Barents Sea 1979-1985. After Midthun and Loeng (1987).
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Figure 2. Ice incursion at the study site during the period January 1976 to
June 1988 (Jensen et al., 1988). The solid lines indicate pre-

sence of ice.
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Icebergs
Icebergs in the Barents Sea originate from glaciers on Nordaustlandet,

Spitsbergen, Edgegya and Kvitgya. In addition pieces of ice islands advec-
ted from the Polar Ocean and icebergs from glaciers at Franz Josef Land
and Novaja Zemlja are present.

The annual number of icebergs fed into the Barents Sea is not known, but
it is generally accepted that the glaciers are surging (Liestpl, 1969)
resulting in a highly variable production of icebergs.

Carstens et al. (1989) have made a "first raw guesstimate" of iceberg
production based on comparison with measurements from Greenland, suggest-

ing these volumes in terms of water equivalent:

Svalbard 1.5 km3 per year
USSR 3.0 km3 per year

We Dbelieve that only half of the USSR production goes directly into the
Barents Sea.

The lack of statistical information makes it difficult to draw any con-
clusions about the flux of icebergs through the region. However, from
recent observations (Lgset et al., 1989), we know that a considerable num-
ber of icebergs can be grounded along the slope of Spitsbergenbanken even
towards the end of June.

Figure 3 shows the satellite tracking of an iceberg drifting south of
latitude N74C° late April 1988. The satellite buoy was deployed by entering
the iceberg via helicopter on 20 March 1988 as a part of the IDAP Vessel
Deployment Project. The iceberg was photographed by a Royal Norwegian Air-
force aircraft on 5 May 1988. The iceberg is depicted in Figure 4 which
clearly shows how the iceberg has been weathered by the waves after
deployment of the Argos transmitter.

When the semi-submersible drilling rig "Ross Rig" was operating south-
east of Bjgrnpya, NHL performed daily ice forecasting. During this fore-
casting period the needs for models predicting iceberg drift and deterio-
ration were highlighted. Wednesday 23 November 1988 the supply vessel
"Finn Barents" encountered a nearly deteriorated "dry dock" type iceberg
in position N73°923', E21%45' (Vefsnmo et al., 1988). The horizontal dimen-
sions were estimated to be 5 by 10 metres with two peaks respectively 3

and 5 metres high and a total mass of approximately 500 tonnes.
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Figure 3. Iceberg tracked by satellite. The positions are labelled with
day numbers (Day/GMT).

Figure 4. Weathering of the iceberg with trajectories plotted in Figure 3.
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3. COMPARISON TO GRAND BANKS ENVIRONMENTAL CONDITIONS

A comparison of different areas where ice management is performed shows
that the environmental conditions at our study site in the Barents Sea in

many ways are similar to what we find on the Grand Banks:

- The ice regime in both areas includes both icebergs and sea ice

- Both areas are relatively close to the maximum ice extent. Ice
incursion is probably more common at our study site.

- The distance to shore base is about 450 - 500 km.

- The water depths are comparable, around 100 metres.

One important difference is that the Bjgrnpya area 1s north of 749 lati-
tude while the Grand Banks are around 48%9. This difference in latitude
will have a major impact on the 1ce management system during late autumn
and winter drilling since visual spotting and surveillance will be of very
limited value due to darkness.

From winter observations of icebergs in the Barents Sea it appears thate
the icebergs here are more tabular than on the Grand Banks, hence they
should be easier to tow since the risk of slippage is reduced. During sum-
mer conditions, however, when the icebergs are drifting in open waters, th
shape will be more rounded due to deterioration by wave action (Figure 4).

Hotzel and Miller (1985) show that about 70 % of the icebergs occurring
at the Grand Banks are less than 250.000 tonnes. Volume estimates of about
200 icebergs photographed in the Barents Sea late March 1988 indicate that
only some 45 % of these icebergs are less than 250.000 tonnes (Ness and
Lovds, 1988). It should be born in mind that the statistical estimates are
based on a limited number of icebergs with a poor temporal and spatial
resolution. Still there is no evidence that the icebergs in the Barents

Sea are significantly smaller than on the Grand Banks.

b, ICE MANAGEMENT TECHNIQUES FOR THE BARENTS SEA

With environmental conditions appearing to be close to what is found on
the East Coast of Canada, we assume that the key elements of ice manage-
ment for the Barents Sea will be similar to the Grand Banks activity, in
some cases modified.

Norway has no governmental agency providing extensive regional ice
information as a support for operations in ice-infested waters. The infor-
mation 1is restricted to publication of weekly ice charts mainly based on

satellite images.
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An operator will have to provide all necessary ice surveillance for
operations in the Barents Sea. During the period from late March to early
October, visual reconnaissance from an aircraft may be sufficient. Also in
the Barents Sea the marine radars and visual observations will be most im-
portant within the alert zones (see Figure 5). For tactical surveillance
the search radar operated from a fixed wing aircraft is probably the
single most effective sensor for the selected study site. With the general
drift direction of ice a»d icebergs towards the south-west, regional sur-
veillance by SAR is probably a very useful supplement. One important dif-
ference from the Grand Banks is the darkness during autumn and winter
time.

When establishing contingency plans for ice management, a series of
alert zones are typically established around a drilling unit. In principle
these plans are similar in that the alert zones are defined by concentric
circles with the drilling unit in the centre. The radius of each circle is
a function of the shut down time for the activity on the drilling unit and
the minimum estimated travel time for the ice feature to impact the unit.
The size of the alert zones are changing according to on-going operations
as well as ice situation. Hotzel and Miller (1985) have shown the follow-

ing tactical alert zones used by Petro Canada on the Grand Banks:

(1) Use distance travelled
in 1 hour drift time
or 1 n.m., whichever
is greater.

A
OETRETION LeT

Figure 5. Alert zones (Hotzel and Miller, 1985).

Tracking zone: This is the outer zone which normally extends to the full
range of detection. Ice targets in this zone are moni-
tored and potentially threathening icebergs will be de-
flected where possible.
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Suspend zone: This is the middle zone with a radius defined as the pro-
duct of the iceberg drift speed and the time required to
suspend operations (known as the T-time). If an iceberg
enters this zone, operations to reduce the suspend time
must be started.

Disconnect zone: The inner zone is the disconnect zone with a radius de-
fined as the greater of one hour drift of an iceberg and
one nautical mile. Once an iceberg enters this zone the
drilling unit must be ready to move off location on a
very short notice.

Drilling units
Two types of drilling units are considered in the ESARC ice management

study:

- A winterized but elsewise conventional semi-submersible rig.
Such a rig has to move off location in case of ice incursion.

- A dynamically positioned and ice strengthened drillship.

The semi-submersible rig will typically have an 8 anchors spread mooring

system. The disconnect time is approximately 36 hours:

- 6 hours to secure the well and disconnect the lower marine riser
unit (LMR)

- 30 hours to pull anchors (assuming 2 assisting vessels)

The disconnect time for the drillship is estimated to be 6 hours.
Depending on the type of work in progress, the time to secure the well and
to disconnect the lower marine riser can be considerably shorter than 6
hours.

The radius of the alert zone where ice management should be started is
estimated to correspond to 48 and 18 hours of ice drift for the rig and
the drillship respectively.

For purposes of this paper, we assume that the drillship can operate in
up to 5/10 ice cover for first- year ice (thickness less than 100 cm) and
in 10/10 cover of young ice (less than 30 cm thick), broken up by assist-
ing vessels. It is further assumed that the drillship would be able to
weather-vane to accomodate changes in ice drift directions and ice drift
speed. Additional work would be required to validate these assumptions.

Modern drilling rigs like "Ross Rig" can be upgraded to operate on full
dynamic positioning (DP). In that case, the disconnect time for a semi-

submersible rig and a drillship will be comparable.
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Deflection of ice

The response to ice includes contingency procedures and physical action
to avoid contact or reduce impact forces between the drilling unit and sea
ice or icebergs. Numerous devices and methods of action against icebergs
as well as sea ice have been suggested. The response to icebergs in the
Barents Sea may include application of techniques/devices like regular tow
line, tow line with Buckley cleat, towing net, sinking/floating tow line,
ice jigger, two vessels and net, propeller washing, dual towing and wash-
ing, water cannon and splitting of icebergs with explosives. The method or
device to be applied depend highly on the characteristic of the ice fea-
ture.

The most obvious way to reduce impact forces from level ice is to break
up the ice unless the drilling unit move off location. Experience from
icebreaker operation to reduce impact forces from sea ice is gained e.g.
from the disc-shaped drilling structure "Kulluk" (Hnatiuk and Wright,
1987). Other methods include application of explosives, electro-hydraulic
shock waves (Wesley and Stowell, 1985), propeller washing and water can-

non.

Contingency planning

We expect the ice management at the study site in the Barents Sea to in-

clude:

1. Regional ice reconnaissance. The general drift direction of ice is

from the north-east. The ship activity is very low in the area. Hence the
information must either come from remote sensing by satellites, aircraft
surveillance, tracking of icebergs by Argos transmitters or radar trans-
ponders, or from ship radar. Visual reconnaissance within a large area is
expected to be a highly used means of regional surveillance. The frequency
of regional ice reconnaissance operation will depend on the general ice

conditions in the vicinity of the drilling unit.

2. Forecasting of ice drift. Drift models tuned to the area with input

from surveillance, weather forecasting and statistical data will be impor-

tant (Carstens et al., 1989).

3. Monitoring. Within an area around the drilling unit, especially inside
the alert zones, the ice should be closely monitored from ships as well as
with radars from the drilling unit, probably supported by reconnaissance

from air.
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4. Avoidance. Deflection of icebergs is performed by towing, water can-
noning or propeller washing according to size and shape. In case semi-sub-
mersible drilling rigs are used, the rig is moved off location in case of
sea ice incursion. If drillships are employed the ice can be broken up by

assisting vessels.

b, CONCLUDING REMARKS

The response to ice includes contingency procedures and physical action
to avoid or reduce impact forces from sea ice or icebergs. The study pro-

vides the following recommendations:

- Regular towing and use of water cannon are the two most promising

methods for iceberg management in the Barents Sea.

- Icebreaking combined with propeller washing or use of water can-
nons for deflection of small ice features seem to be the most pro-

mising methods for management of drifting ice floes.

- Traditional icebreaking is the only recommended method for break-

ing up the ice cover after a freeze-up.

- Due to the high latitude, darkness will be a severe constraint to
ice management operations in the Barents Sea since visual recon-
naissance will be of very limited value during late autumn and

winter.

The environmental conditions at our study site in the Barents Sea and
the Grand Banks have several similarities: the ice regimes include both
icebergs and sea ice, the areas are close to the maximum ice extent, the
distance to shore bases and the water depths are comparable. In this case
we foresee an adoption of the ice management techniques from the Canadian

waters {(Grand Banks) to the Barents Sea.

5. ACKNOWLEDGEMENT

The authors gratefully acknowledge Esso Norge a.s for the permission to
use information from the ESARC project "Ice Management Performance
Estimate"” and to publish this paper. We would also like to thank Norsk
Hydro a.s. for releasing information from their operation of "Ross Rig"

southeast of Bjernpya.

1116



6. REFERENCES

Anderson, K.G. et al. (1986): "Management of small ice masses", Environ-
mental Studies Revolving Funds, Report No. ol2, Canada.

Carstens, T., Loset, S. and Levds, S.M., (1988): "Ice Drift Modelling for
the Barents Sea", Polartech'88, Trondheim

Carstens, T., Vefsnmo, S., Lgvas, S.M. and Eidnes, G. (1989): "Ice Drift -
Preliminary Model Development - ESARC Report No 16", NHL Report No STF60
F 89004.

Carstens, T., Vefsnmo, S. and Lgvas, S.M. (1989): "Development of Ice Drift
Models for the Barents Sea", POAC'89, Luled. (In press).

Hnatiuk, J. and Wright, B.D. (1987): "Ice Management in the Canadian Beau-
fort Sea", Can. Engineering Centermial Convention, May 19-22, 1987.

Hotzel, I.S. and Miller, J. D. (1985): "Ice Management on the Grand Banks",
Petro-Canada, Calgary, Alberta.

Jensen, H., Sandvik, P.C., Levas, S.M. and Vefsnmo, S. (1988): "Ice Mana-
gement Performance Estimate - ESARC Report No 12", NHL Report No STF60
F 88087.

Jensen, H. (1988): Unpublished notes.

Korsnes, R. (1988): "Some ocean drift ice scaling ideas". Polartech'88
Trondheim, pp 647-659.
Loset, S. et al. (1989): "IDAP 88 Vessel Deployment. Volume 2: Field Ob-

servations and Analysis", NHL Report No STF60 F 88093.

Midttun, L. and Loeng, H. (1987): "Climatic variations in the Barents Sea",
Proc. Third Sovjet-Norwegian Symposium on The Effect of Oceanographic
Conditions on Distribution and Population Dynamics of Commercial Fish
Stocks in the Barents Sea. Ed. H. Loeng, Inst. of Marine Research,
Bergen, pp 13-27

Ness, T. and Levas, S. (1989): "IDAP 88 Vessel Deployment. Volume 3.

Wesley, R.H. and Stowell, W.R. (1985): "Shock Waves show Icebreaking Pro-
mise", Offshore, Nov 1985, p 112

1117



RESULTS OF IONG-TERM TCE IOAD MFASUREMENTS ONBOARD
M/S KEMIRA DURING THE WINTERS 1985-1988

Pentti Kujala Technical Research Centre of Finland
Research Scientist

ABSTRACT

Long-term ice load measurements onboard M/S Kemira have been conducted since
the winter 1985. The present paper describes the measuring system and gives
a summary of the main results during the winters 1985 to 1988. The characters
of the winters 1985 to 1988 are campared to the long-term averages. Long-term
extreme values are evaluated for variocus parts of the ship based on measured
12 hour period maximum values for the different winters. The effect of winter
hardness on the long-term extreme values is briefly discussed.

1. INTRODUCTION

The shell structures for merchant ships navigating in Baltic ice conditions
are designed according to current ice rules, the latest of which are published
in 1985 /2/. The ice-strengthening principles are based on more than 100 years
experience of winter navigation in the Baltic Sea. Damage statistics from
ships during the 1960's /4/ form the basis of the design load level given in
the rules.

The results of full-scale ice pressure measurements onboard the polar tanker
Igrim /5/ ard the icebreaker Sisu /6,12/ together with the theoretical work
carried out by Varsta /11/ enabled a new formulation of the design ice pres-
sure for the present rules. The main revision to the earlier rules was the
considerable increase of design pressure and decrease of design load height.
The basic level of design ice loads was kept at about the same level.

The ice rules include a number of empiric coefficients, which take account
of the effect of ship's displacement, shaft power and ice class on the design
ice loads on the bow, mid and aft shell structures of a ship. To gain more
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insight into these coefficients a joint research project between Helsinki
University of Technology and Technical Research Centre of Finland was started
in the winter 1985, when the chemical tanker Kemira was instrumented to mea-
sure ice induced loads on various parts of the ship. This is the first attempt
to measure long-term ice loads onboard a cargo ship navigating regularly to
the northern Baltic. In this paper a summary of the main results during the
winters 1985 to 1988 is presented.

2. THE MEASURING SYSTEM
2.1 General description

The general layout of the measuring system and the main particulars of
chemical tanker Kemira are presented in Fig. 1. Three frames are instrumented
to measure ice induced loads on the bow, midship and aftship as defined in
the ice rules.

MAIN DIMEN

LENGTH 04 . _om7m
LENGTH BPP ... osoom
BREADTH MLO AF 18! DECK . o o..arsem
DEPTH LD TO 13t DECK . . __..7.10S0M
DRAUGHT  SERVICE o sEOm
COARESPONDING DEADWEIGHT ALk TOLD™ ABT 5800 TONNES
POWER L soosumisorem

definition of
mdship area
according to
1ce rule$

1620

Figure 1. Iocation of the transducers

The loads are evaluated with shear strain gauges applying influence techni-

que as described e.g. in reference /10/. The shear strain gauges are connected
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so that the load on the upper, middle and lower part of the frame (FFR) as
well as the total load on a frame (FT) can be measured. The normal stress
gauges on the frames (FN) and plating (PL) near the instrnumented frames are
installed to gather data on the stress level of the structure and to check
the calibration of the shear strain gauges.

In the long-term measurements the data are collected and processed automati-
cally by a microprosessor specially developed for this purpose. The micro-
prosessor collects the data and prints it on a data casette and paper tape
twice a day.

2.2 Calibration of the measuring system

The influence coefficients for the load measuring system are evaluated with
the finite element model shown in Fig. 2. Two models are developed, one for
the midship and one for the bow ship. The scantlings of the aftship are quite
similar to the scantlings at midship. Therefore the influence coefficients
for the after frame are evaluated on the basis of the results for the midship
frame.

The coefficients are determined for the case of uniform ice pressure with
a load height of 0.3 m and load length of two frame spacings 0.7 m represent-
ing a continuous ice pressure on the frame. The calibration of the system is
based on the assumption that the load length is usually longer than two frame
spacings. If the actual load lengths are shorter than two frame spacings the
system can give upto 30 % too small load values. The shorter the contact
between the ship and ice is the larger is the error. Previous full-scale
measurements have, however, indicated that the length of the contact is usual-
ly few frame spacings /6/.

DATA OF FE-MODEL

L ! 2. ‘
Number of grid points 2602 -t ' i ‘ v ¢ n
Number of elements - : T J)“‘ \ FEM |
beam 172 p— - . ]
lurbe; £ d 24 i = - .
meber ot S ot [ FTHB - - /}4'/-
Tkh .. + ="m :
) T .
/ ! .‘
_ !

4 vt s 8 1 .2 L4 pa )
Point force [ton)

Figure 2. Finite element model for the Figure 3. Comparison of FEM calcula-
shell structures tions to physical calibration
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The finite element calculations are checked by applying an inside point
force on the midship and after ship frame. The point force is generated with
a hydraulic cylinder and the force is measured with a force gauge, see refe-
rence /7/ for further details. The results are compared with those given by
the finite element model for the case of a narrow uniform pressure on the
frame as shown in Fig. 3 for the midship frame. As can be seen fram Fig. 3
the results are comparable within the accuracy of about * 10 %.

3.  MEASUREMENTS
3.1 General

The measuring system was installed onboard M/S Kemira in auturn 1984. Thereaf-
ter the system has worked contimuously during the winters 1985 to 1988. M/S
Kemira is regularily navigating between Finland and Middle-Eurcpe. The most
common Finnish ports, where she visits, are Uusikaupunki and Kokkola. Table
1 gives the details of the measuring period and number of ice days during each
winter. The ice day in this presentation means that the measuring system has
encountered ice induced loads during the day. The ice days are divided accord-
ing to the extent of ice navigation into various groups so that South Baltic
includes the sea area south from Uusikaupunki, upto Bothnia Sea includes the
sea area south fram Nordvalen and upto Bothnia Bay includes the sea area south
from Kokkola i.e. it includes the total measured data.

Table 1 Measuring period and mumber of ice days in various winters
and sea areas

Number of ice days
Winter Measuring
period South Baltic| Upto Bothnia| Upto Bothnia
Sea Bay

1985 25.1-13.5 21 40 67
1986 1.1-8.5 22 38 64
1987 28.1-23.5 11 25 50
1988 1.1-23.5 - 10 30

The measuring system has worked successfully most of the measuring time. Few
problems in the outpat devices have occured and the results from the following
periods are lost: 23.1-2.2.1986, 26.2-2.3.1986, 7.-21.3.1988, 23.-25.3.1988
and 28.3.-7.4.1988. These periods include about 5 ice days in the winter 1986
ard 4 ice days in the winter 1988. The measuring period of the winter 1987 was
shortened, because the ship spent the period 1.3 - 31.3 in harbour and in
shipyard due to same repair work. In addition to the autamatic data gathering
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same manned voyages were performed to make observations of the enviromental
conditions.

As shown in Fig. 1 the measuring system covers the variation of ship's
draught from 4.7 m to 7.6 m. The upper limit is due to the change of the
framing system fram transverse to longitudinal. The actual draught of the
ship is varying from 4.0 m to 8.5 m so that the draugth between 4.7 m to 7.6
m takes place during about 70 % of the total time in ice.

3.2 Comparison of the winters 1985-1988 with long-term statistics

The characters of the measured winters are campared to the long-term avarage
values. Ice formation on the Baltic starts in the northerrmost parts of the
Bothnian Bay in late October or early November /1/. On average the whole Both-
nian Bay has frozen by mid January and the Bothnian Sea by mid February. The
ice break-up starts in the southern parts in early March and usually the
northern Bothnia Bay is open again in late May. Great variations, however,
occur in this process from year to year. Fig. 4 shows the probability of ice
occurence on the Baltic based on the records from years 1963-1979 /1/, Fig.5
the maximm extent of ice during the winters 1830 to 1988 and Fig. 6 the
maximm ice thickness measured outside the port of Vaasa during the winters

1920 to 1988 /9/.
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cm and the standard deviation 10 cm /9/. Consequently according to Fig. 6 the
winters 1985 and 1987 can be considered as hard, winter 1986 as normal and
winter 1988 as mild. The mean maximum ice thickness outside Vaasa during the
winters 1985 to 1988 is 65 cm, which indicates that on average these winters
have been considerably harder than a long-term normal winter. Similar con-
clusion can be drawn, when the maximum ice extents are compared to the long-
term mean value of 209 000 km"2 - the mean of winters 1985 to 1988 being
314000 km"2, see Fig. 5.

4. RESULTS OF THE MEASUREMENTS

The maximm values in the various load channels during measured 12 hour
periods form the basic data base. Fig. 7 illustrates as an example the mea-
sured maximum values for the ice induced loads on various parts of the ship
during the measured winters.

The maximum measured load value on the bow is 653 kN from 2nd of May 1985,
when the ship was stuck in strongly compressing ice near Kokkola lighthouse.
The second largest value is 643 kN from 10th of May 1985, when the ship hit-
ted, according to the ship's logbook, same thick and large pack ice floes. The
maximm values of the winter 1985 ( 544 kN, 20th of April and 533 kN, 6th of
February ) have both occured near the Kokkola lighthouse, when the ship has
been following an icebreaker in a heavily ridged ice. The maximum value from
winter 1986 is 493 kN, which occured in the Bothnian Sea on the 24th of Feb—
ruary, when the ship was ramming through ridged ice near the lighthouse Sappi.

The maximum measured value at midship is 323 kN and it occured on 26th of
April 1987 during a manned voyage behind an icebreaker just before the ship
was stuck in heavily ridged ice near the Kokkola lighthouse behind an ice-
breaker. The maximum value during the winter 1985 occured 1st of May, when
the ship was stuck in compressing ice also near the Kokkola lighthouse. In
that situation also one strain gauge ( FFR 8 lower, see Fig. 1) was damaged
due to yielding of the frame. In addition a load of 246 KN was recorded during
a two and half hour towing of the ship through ice by an icebreaker on the 3rd
of February and a load of value 275 kN occured during the deviation of the
ship from a channel to level ice after a sharp turning of an icebreaker on
the 28th of Jaruary 1987.

The measured load values at the after ship are mainly caused on the similar
situations as those at the midship. The maximm value of 421 kN occured also
on the 2nd of May 1985 during the compression of ice near the Kokkola light-—
house. During the compression of ice at the same place on the 1st of May 1985
a value of 362 kN and on the 3rd of April 1985 a value of 327 kN were reached.
The towing of the icebreaker on the 3rd of February 1985 caused a load of
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Figure 7. The measured 12 hour maximm loads on various parts of the ship
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310 kN. The maximm value during the winter 1987 was 362 kN and it occured
on the 6th of February behind an icebreaker also near the Kokkola lighthouse.
The measured data is divided according to the ship's navigation area into
various groups as shown earlier in Table 1. Fig. 8 gives the measured maximum
values in the respective sea areas during the measured winters. Fig. 8 also
gives the design ice loads according to the ice rules for the bow, midship
and aftship. As can be seen the measured maximm values are higher than those
given by the rules imdicating also the hardness of the winters 1985 to 1988.
The proper level of ice-strengthening according to the measured results is
discussed in further detail in reference /8/, in which the failure probability
of the frames are evaluated.

For the design purposes the effect of the distance fram the waterline on the
ice induced loads is important. Therefore on Fig. 9 the measured load values
are plotted as a function of this distance. As can be seen the ice can cause
loads down to 4-5 m below the actual waterline. The maximum loads are almost
linearly decreasing when the distance increases. Above the waterline remarkab-
le ice loads can occur as high as about 1 m above the waterline. Fig. 9 also
illustrates the extent of ice framing required in the present ice rules. The
extent of the ice framing seems to be adequate above the waterline, but below
the waterline at mid and aftship some extensions should be considered.

Design loads
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5. ESTIMATION OF LONG-TERM EXTREME IOAD VAIIES

The statistical nature of ice induced loads is not properly known due to the
great number of affecting parameters. Consequently the extreme probability
distributions are usually used /6,12/ for evaluation of the long-term extre-
mes. The extreme distributions are in principle insensitive to the initial
distributions and can be used to analyse maximm values from constant measur-
ing periods.

For the evaluation of long-term extreme loads Gumbel I or Gumbel III dis-
tributions /3/ are fitted to the measured maximum load values. For the studied
cases only the measured maximum load values on various parts of the ship are
used taking no notice of the occurence location of the load on the frame.
Consequently the effect of the draught variations on the statistical charac-
teristics of the load values is omitted. Fig. 10 shows the total measured
data base from the winters 1985 to 1988 and the fitted Gumbel I distributions
on various parts of the ship.

LEMIRYS [5 LE
. BTG R OR) 1oom —— i
Cranosl Hax B o Chatnel Hes  EOW
™ Sampl= Size, 242 ane — ;lug—]_%lgrﬂs
= )26, 94
g Sumbe) 1 —~ b6 o
FE g oo .
L] . -
[T s00 - -
M o P
2 % 500 | v
Y S ;/
8 400 ‘1))
s 300 - e
[ ) J
u 3 200 | K
3 N 5
] 558 100 - 7
: 2
° . : — T T T T
B ol alue b e sl sk edn ot et e o e T
spe
PR e Channel Mar  MID
° Sante Size 235 e BRI PE .02 ol
g Sumbel | o
o ] — a0
£ z ot
: 2 e | o
.
s 2sp ‘;//
o
. o 2o - ‘\/
']
g 3 156 e
e
2 100~ K
it sp - "
3 1. e 4 7
3 ORIy &
Baybc e Aoy . : . ;
ahn pan 20 30 O 40 5 Wit w0t W't w? o
3 >sp
Channm! tan AFY “hatne! Nar LA
s Gample Size PR 34 61 e niral
) " — TuT er v
8 = Guakel 1 B o *
F —
"] 525 - .
4 {6l
X PERLLE
@
b4 .
Q. s o
3 .
3 so0 -] i1
g ’ e
8 2zs o o
a : _— K
0 o
B .
: Hm““ pal 1y
5 o o 2le ela -'En o ~ly b . i T B T R
19 1o 10 1w 10 3

Load  [kN]

Return period [day)

Figure 10. Gumbel I distributions fitted on the measured maximm load values
during the winters 1985 to 1988 on various parts of the ship.
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Fig. 10 includes all the data fram the measured winters and before the es-
timated long-term nmumbers can be used e.g. for design purposes the charac-
teristics of the measured winters as described in chapter 3.2 must be taken
into account. For this purpose the long-term extremes are further analysed
on basis of the measured values during the different winters. Fig. 11 illus-
trates the results of this approach by using Gumbel extreme distributiods.
As shown in Fig. 11 the estimated load values according to the data from a
hard winter can be about twice as large as those from a mild winter. A more
detail analysis of the factors causing this difference will be the most impor-
tant task in the near future so that a sourd basis for determination of design
ice loads from the measured results can be evaluated.
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Figure 11. Iong-term extremes on the basis of the measured data from different
winters.

6. CONCIUSIONS

Three frames onboard the chemical tanker Kemira were instrumented to measure
ice induced loads on the bow, mid- and aftship. The measuring system has
worked continuosly during the winters 1985 to 1988. The system has encounte—
red ice loads during 211 days.

The winters 1985 to 1988 have on an average been considerably harder than
a long~-term normal winter. The maximum measured load values occured on the
1st to 2nd of May 1985, when the ship was stuck in campressing ice near the
Kokkola ligthhouse.

Ice induced loads can take place down to 4-5 m below the actual waterline.
The maximum loads are almost linearly decreasing when the distance from the
waterline increases. The extent of the present ice strengthening seems to
be adequate above the waterline, but below the waterline at mid- and aftship
same improvements should be considered.
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The estimated long-term load values according to the data of a hard winter
can be about twice as large as estimated on the basis of the data of a mild
winter. A thorough analysis of the factors affecting the level of ice induced
loads must be conducted, before a sound approach for determining of design
ice loads can be evaluated on the basis of the measured results.
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OIL SPILL IN ICE SIMULATION MODEL DEVELOPMENT

@istein Johansen Oceanographic Company of Norway, A/S
Pir-senteret, N-7005 Trondheim
Norway

ABSTRACT

The simulation model concepts for oil drift in ice to be presented in
this paper were developed as a part of the ESSO/SINTEF Arctic Research
Program {ESARC). The work was based on a particle in fluid approach
utilized previously in operative oil drift models for the North Sea and
the Norwegian Sea. The work may be regarded as the first step towards an
operative oil drift model for the Arctic part of the Norwegian Continental
Shelf, i.e. the Barents Sea region. In the chosen approach, an oil spill
is represented by a cloud of particles, released continuously during the
spill period. Each particle is advected in a predetermined current field,
with random motions superimposed to represent turbulent spreading. In
order to account for oil weathering and entrainment by wave action, each
particle is assigned a certain state, with state transitions governed by
sea state, type of oil and time spent in each state. For ice infested
waters, additional states have been introduced, accounting for processes
such as trapping and subsequent mobilisation of o0il under ice. 1In
addition, the presence of sea ice is taken into account in the description
of the velocity field.

1. INTRODUCTION

In the recent years, oil drift models operative at the Norwegian
Continental Shelf have provided valuable input to environmental impact
assessments and oil spill combat operations. As Norwegian petroleum
activities presently are expanding North into the Barents Sea,
improvements of such models are required in order to account for the
possible interaction between sea ice and spilled oil. The improvements to
be considered should make the model able to handle different scenarios,
including oil spilled under compact ice, oil emerging in drifting ice, as
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well as oil drifting into the marginal ice zone from open waters. The oil
drift model should also account for variations in the ice conditions in
response to temperature, wind, waves and ocean currents.

The work on these enhancements was first addressed in the ESARC project
in terms of a literature review on drift and fate of oil spills in sea
ice. Based on this literature review, it was concluded that the major
emphasis should be given to the design of submodels for 1)Surface
spreading generated by subsea blowouts, 2)Migration of o0il under ice,
3)Retarded oil weathering due to cold temperature and sea ice. Oil drift
in broken ice was considered as a problem mainly related to ice drift
modelling. 1In an operative model concept, this part of the problem should
be solved by an interface between an appropriate ice drift and the oil
drift model. However, in the pilot model to be designed in order to test
the various submodels, it was decided to include a primitive ice response
model in order to represent the dynamic behaviour of the marginal ice zone
(Johansen 1988,a).

2. BASIC CONCEPTS

The particle in fluid approach applied in the work was imported from the
operative oil drift model DOOSIM (Johansen 1987), but extended to ice
infested conditions based on results from the literature survey on oil
behaviour in sea ice. One of the major tasks in the present study was to
formulate the various processes in submodels compatible with the particle
in fluid approach. Excisting models for oil spill simulation in Arctic
waters have been considered (ASA 1985, Wotherspoon 1985, Comfort 1987),
but none of these models completely fulfil the requirements indicated
above. Thus new methods had to be derived in order to obtain an
integrated approach including all the different regimes - open water,
under ice, broken ice. A brief presentation of these methods will be
presented in the following paragraphs.

2.1 0il Spilled in Open Water

The main features of the particle in fluid concept, as applied to oil
spills in open waters, are as follows (Johansen 1987):
- The oil spill is represented by a cloud of particles in different
states, advected individually in a prescribed current field, with
random motions superimposed to represent turbulent spreading.
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The initial distribution of the particles adjacent to the source
depends on the spill conditions and the current regime at this site.
For surface spills, the major spill condition to be taken into account
is the spill rate, which together with the current regime determines
the spatial extention of the spill.

Entrainment due to wave action and subsequent resurfacing are
reflected in state transitions governed by sea state, oil quality and
time spent in each state.

Evaporation is handled as a loss of particles governed by a time and
wind dependent exposure parameter summed up for each particle, where
the relationship between evaporative loss and exposure depends on the
0il quality and the ambient temperature.

The current field acting on each particle is represented by a set of
current components, i.e. wind and wave induced drift, tidal currents
and a permanent background current.

The set of components acting on a given particle is determined by the
state of the particle. Surface particles are thus influenced by both
wind and wave induced currents, while wave induced currents are
neglected for entrained particles.

2.2 0il spilled Under Ice

The major processes to be considered when oil is spilled under a compact

ice cover were identified as follows:

A major release of oil under sea ice is assumed to be related to
subsea blowouts. The initial spreading of the oil wunder such
circumstances will be governed by the radial surface flow induced by
the rising gas plume.

0il from a subsea blowout will tend to be suspended in this turbulent
radial flow. This will cause settling of oil under ice to take place
over a more or less prolonged period, and thus tend to increase the
under ice area initially infested by oil.

Migration of oil settled under ice may be conceived as a series of
subsequent step and rest periods, where oil droplets are resuspended
by strong under ice currents, and later trapped in adjacent under-ice
roughness features. Resuspended droplets are assumed to move with the
water current, while trapped oil will be transported with the drifting

ice cover.
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- Trapped oil may be encapsulated due to ice growth. With the required
data on ice growth and decay available from a dynamic sea ice model,
this process may in principle be accounted for in terms of extended
rest periods. However, in the present pilot model - where neither
freezing or melting of ice is considered, the encapsulation process is
not taken into account.

Some of the extensions identified above are also relevant for open water
conditions, eg. surface spreading of oil related to subsea blowouts. A
detailed treatment of this process is given by Fannelep et.al. (1980).
The other processes listed above are primarily related to ice infested
regions, such as the submodels for migration of oil under ice. Concepts
relevant for simulation of these processes were found in the literature
related to bottom sediment transport (Yang and Sayre 1971).

The spreading of oil due to subsurface blowouts was approached by a
modified random walk concept. The concept was based on the fact that this
radial surface flow may be approximated as a classical source flow, where
the source strength is determined by the spill conditions, i.e. the water
depth at the source and the gas flow rate (Fannelep et.al. 1980). The
initial random step length may thus be expressed in terms of these
parameters, and subsequently reduced in proportion to the distance from
source. Figure 1 shows examples of results obtained by this approach,
compared with oil slick envelopes computed from source flow equations.

Settling of oil under ice is assumed to be time lagged due to suspension
of oil droplets in the turbulent radial flow. The time spent in
suspension, which also determines the radial displacement, is assumed to
be a stochastic parameter. The probability for settling of oil under ice
may thus be modelled as a stochastic process, where the probability for
settling is related to the time a particle has spent in the suspended
state.

Subsequent migration of 0il under the ice cover is also modelled in
terms of a stochastic process, governed by a probability for mobilisation
related to the strength of the under ice current, and a settling
probability related to the time spent in motion. The respective
probability functions are fitted to empirical equations presented by Cox
and Schultz (1981) for oil migration velocity under ice in response to

under ice currents.
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Figure 1. Random walk simulations of surface drift and spread of oil
from subsea blowouts. Solid lines represent slick boundaries
computed from source flow equations given by Fannelop (1980).
Only half of the symmetric plume is shown. Source depth is
100m and gas flow rate 10m/s. A constant water current of

Scm/s is superimposed in (b).

1135



2.3 0il In Broken Ice

When oil is present in broken ice or outside the marginal ice zone,
entrainment of o0il due to wave action was identified as the major
mechanism which can cause oil to migrate under the ice surface. This
mechanism may however be retarded by the wave attenuation caused by broken
ice, and the entrainment rate should thus be reduced with increasing ice
coverage. Evaporation of surface oil is also assumed to be retarded in
the presence of broken ice, and should be reduced comparatively with
increasing ice coverage (ASA 1985).

The presence of a marginal ice zone will to a large extent modify the
drift pattern of oil. A dense ice border, associated with on-ice winds
will form a more or less compact barrier to surface o0il, while a more
diffuse ice border, formed during off-ice winds may be penetrated by
surface oil drifting into the reqgion as the wind turns on-ice. The oil’s
ability to penetrate into the ice depends to a large extent of the
relative motion between surface oil and ice floes. In the present model,
this difference is reflected in the choice of a larger wind drift factor
for surface oil than for ice floes.

In an operative forecast system, data on ice drift velocity may be
imported from a dynamic sea ice model. Meanwhile, in the present pilot
model, the ice velocity field is accounted for by defining the marginal
ice zone as a region of expandable broken ice in contact with an
incompressible pack ice region. The border of the broken ice region
towards open water is assumed to be responding as free drifting ice to
wind and currents, while the inner border is coupled to the pack ice.
Compaction of the broken ice border under on-ice wind is however assumed

to stop as the ice coverage in this region approaches 100%.

3. PILOT PROGRAM

The present pilot model has been designed in order to demonstrate and
evaluate the concepts described above for the different regimes (open
water, under ice, broken ice). Results from this evaluation are planned
to form the basis for implementation of the new concepts in operative oil
drift models for the Barents Sea region of the Norwegian Continental
Shelf. However, more detailed studies of some of the processes, which are
presently handled on a more or less preliminary basis, may also be
required in order to fulfil this task.
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3.1 Basic Concepts

The pilot model is based on a homogeneous ocean, i.e. wind and ocean
currents are spatially constant within the simulation region. 0il drift
is however assumed to be modified by the presence of an ice edge,
represented by a region of broken ice adjacent to a compact region of pack
ice. The drift velocity of ice and oil within the broken ice region is
weighted between two extremes, i.e open water and pack ice velocities, in
accordance with the local ice concentration (cfr. table 1.).

The submodels discussed above for the different regimes are unified in
the model on the basis of a state transition matrix as indicated in table
2. Thus, particles representing oil spilled under ice may undergo
transitions from the initial dispersed state (oil dispersed in the
turbulent radial flow), into a trapped state (oil trapped in under-ice
roughness features). Later these particles may change into a mobilised
state, set in motion by strong under-ice currents.

Table 1. Velocity components assigned to particles in different states.
Values in each column represent weights assigned to each current
component. C is the local ice coverage.

CURRENT PARTICLE STATE
COMPONENT Surfaced Suspended *) Trapped Mobilised**)
Background 1-C 1 1-C 1
Tidal 1-C 1 1-c 1
wind induced #) 1-c 1-c 1-c 0
Wave induced #) 1-c 0 0 0
Pack ice drift c 0 c 0

*) The term ’'Suspended’ is used to include both the dispersed state
(particles suspended in the turbulent radial flow set up by the gas
plume), and the entrained state (particles entrained by wave action).

*%*) The term ‘Mobilised’ refers to trapped particles set in motion by
under-ice currents.

#) Wind and wave induced currents are represented in terms of wind drift
factors, the latter accounting for near surface current shear.
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Table 2. Particle State Transition Matrix. X’ in a given element of the
matrix indicates possible state transitions from one timestep to

the next. The numbers (-2 .. 3) are used for cross reference.

NEXT STATE
-2 -1 0 1 2 3

3 EVAPORATED

>

o

R -2 MOBILIZED | X X X |
I -1 TRAPPED | x X f
G 0 DISPERSED | X X X |
I 1 SURFACED | X X X |
N 2 ENTRAINED | X X [
A I f
L

Mobilised particles may subsequently be trapped or change into the
surface state (in leeds within broken ice). At a later stage, the
surfaced oil may evaporate, or be entrained into the water masses by wave
action. 0il in this entrained state may later resurface and be trapped
under ice or arrive at the water surface, depending on the 1local ice
coverage.

The transition probabilities for each state are in part computed £from
well established relations (evaporation rates, entrainment rates etc), or
estimated on a more preliminary basis in terms of mean step and rest times
(migration of o0il under ice). Different choices of the latter parameters
may be used to reflect variations in the roughness of the wunder ice
surface. Details on the various methods are given in the Esarc Report
(Johansen 1988,b)

3.2 Example Run

A scenario with oil spilled under a region of pack ice is shown as an
example in the following. At the start of the spill, the pack ice region
is separated from open water by an 18 km wide zone of broken ice. The
depth of this zone is however changing in response to wind and currents.
In order to obtain a realistic picture of the dynamical nature of this
broken ice zone, actual wind observations are used (observations from
Bjorneya). Other major input data are presented in table 3.
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Table 3. Input data for the example run

SPILL CONDITIONS:

Source depth .....ciiiiiiiiiiiiniiniernesinnnnnans 100 m

Gas to o0il volume ratio .....civiviiiiiiiiiiiininans 200

0il spill rate ....ciiiiiininiiniiiiiiiiinineinnann 100 tons/hour
0il type: Medium crude oil, density ............... 850 kg/m?
Spill duration .....oiiiiiiiiiiii ittt 5 days

ICE CONDITIONS:

Spill site located under pack ice ................. 100% ice coverage
Distance from spill site to pack ice border ....... 7 km
Orientation of pack ice border .................... 45°

Pack ice veloCity .iiuierenenenonereeenaronssanenns 5 km/day, 45°
Depth of broken ice zone at spill start ........... 18 km

ENVIRONMENTAL CONDITIONS:

Sea temperature ........ccieeieetnaincnnseansanaans -1°C

wWind observations from Bjgrneya ................... January 1988
Background current, strength, direction ........... 12 cmvs, 60°
Major tidal axisS ...iveneeerrornonsennnecnnnncennns 25 cmy/s, 60°
MINOL BX1S 4iviuvenrnsosnoncuonracaanaoccnaneanncannn 12 cm/s

Results at 4 and 10 days after spill start are shown at figure 2, where
the location of the spill site is indicated by the crossing of the
horisontal and vertical line in the plot, while the o0il distribution is
indicated by markers representing the particle cloud released during the
spill period. The different marker symbols represents the the state
assigned to each particle, as designated in the mass budget shown to the
right.

Since the spill source is located in the pack ice region, o0il from the
subsea blowout will initially reach the under ice surface. The pack ice
is however assumed to move with a constant velocity of 5 kms/day in a
direction parallell to the ice border. Thus oil trapped under ice will be

advected away from the spill site.
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Figure 2. Output from the example run. 0il distribution 4 and 10 days
after start of the spill. Large markers at the axis represent
10km. The spill site is marked by the crossing of the vertical
and horisontal line. Lines at 45° inclination are respectively
the pack ice border (upper line) and the broken ice border.
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The extensive spreading of the oil under the pack ice is in this case to
a large extent caused by mobilization of trapped oil by tidal currents.
If the pack ice region had been assumed to move with the tides, the
current shear at the under ice surface would have been reduced
significantly, and the oil would have tended to stay trapped in under-ice
cavities for longer periods.

Results from ice floe tracking experiments in the marginal ice zone in
fact indicate that this is a likely situation in the marginal ice zone,
where the unconsolidated ice is found to be closely coupled to the tidal
currents in the underlying water masses (Johansen et.al. 1988). To what
extent internal ice stresses will reduce this coupling in the interior

pack ice is more uncertain (Johannessen et.al. 1983).
4, CONCLUSIONS

The pilot model for oil drift and fate in ice infested reqgions may be
conceived as a first step towards an operative o0il drift model model for
environmental impact assessments and oil spill combat management in the
Arctic region of the Norwegian Continental Shelf.

A more detailed study of relevant theoretical and experimental work on
the behaviour of oil in sea ice will certainly be required to reach this
goal, but the basic concepts are believed to represent an efficient and
flexible basis for further improvements.
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WATER OONSERVATION AT THE SWEDISH ANTARCTIC
WASA BASE ~ IMPLEMENTATION AND RESULTS
1988/89

Stefan Marklund Div of Sanitary Engineering
Research Engineer Luled University of Technology
$-951 87 Luled
Sweden
ABSTRACT

During the 1988/89 summer season a Swedish base was built at a nunatakk
in the Norwegian sector of the Antarctic. The base oconsists of a dwelling
house and a machine building, with comfortable facilities for 10-12 people.
The dwelling house is equipped with in-door running hot and cold water and
fitted with a washing machine, a dishwasher, showers and dry toilets. All
taps and machines are the latest on the market, and have good capacity for
water conservation.

Water conservation is in this case of great interest. The reason is two-
fold: reduced specific consumption gives increased in-house capacity for
the dwelling house and simultaneously diminishes the environmental impact
of effluent wastewater.

The specific water demand for 1988/89 summer season was 38 litre/person
and day. Of that 37 % was connected to the kitchen, 24 % to the showers and
sauna and 26 % to the laundry facilities. In the coming seasons further
reduction can be cbtained by fitting areators on the taps and installing
temperature controlling devices for inlet hot and cold water. It should
then be possible to lower the figure below 35 litres/person and day.

1. INTRODUCTION

During the last decade Sweden has developed a new interest in arctic and
sub-arctic engineering. In parallell Swedish scientific research in these
areas has widen, with expeditions like YMER 80 to Artic regions and the
1987/88 Antarctic expedition to Dronning Mauds Land.

The latter expedition was followed up by a larger expedition in 1988/89,
with a scientific and an engineering research program. The latber program
oconsisted of a permanent summer base erected on a mmatakk and creating a
monitoring program for sanitary and building research.
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2. GENERAL DESCRIPTION

The base is erected on a hill slope on the nunatakk BASEN in the mountain
chain Heimefrontfjella. The hill consists of a permafrost moraine. WASA
consists of two separate buildings, the main building with full living
facilities for up to 12 people and a secondary machine building with diesel
generators, a water treatment unit, storage space for food and spare parts
etc. The general view is shown below.

o et |

Figure 1. WASA base . Longitude W 13° 21', latitude S 73° 03'.

The machine building was assembled from three prefabricated steel contai-
ners, whereas the main building was built using normal Swedish techniques
for wooden constructions with glass-fibre insulation.

Both buildings are placed on open metal foundations, with a distance to
the ground of 1.4 - 1.8 meters. The open construction is to prevent snow
from accumulating on the lee side of the buildings.

The buildings are connected with a utilidor, containing hot and cold
potable water and the main power line.

3. WATER OONSERVATION.
Sanitary installations in remote areas often tend to create operating

problems, as Hanaeus and Hem (1987) have shown. Water conservation reduces
both the specific use of potable water and the production of wastewater,
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thus often reducing operation and maintenance problems to acceptable
levels. Flow-reduction hardware is described by Baker et al (1975) and by
Morgan and Pelosi (1980). Sletten and Reed (1988) state that present daily
per capita use of water at US Antarctica stations varies between 79.5 litre
(the Pole station) and 212 litre (the McMurdo station).

when it comes to navy operations, potable water tend to be a chronic
problem; according to Schatzberg et al (1980). It was concluded that
installation of minimum-flow plumbing could reduce use of water with >
50 %. Siegrist (1983) considers a total saving of between 50 and 90 %
possible in American hames, motels and restaurants.

Thus water conservation is generally of interest where the supply of
potable water is scarce, or treatment of wastewater profits from lowered
specific volumes.

4. WATER AND SEWAGE SYSTEM.

Potable water is provided fram a water melting and storage unit in the
machine building. During the construction phase it was assumed that water
was only available as snow or glacial ice. A system was therefore construc-
ted, with a capacity of melting approx. 1400 kg ice or snow per 24 hours.
The system consists of a melting chamber with three fixed spraying nozzles,
a recirculating pump for water and a water heating reservoir with a total
power of 6,75 KW.

The water pipes in the utilidor connecting the buildings, are prevented
from freezing with heat insulation and separate heating cables. The heating
cables are thermostatically controlled and with an ocutput of 10 W/meter.

The water system in the main building is concentrated to a "wet" area, to
simplify the construction and minimize the work of emptying and refilling
it at the beginning and end of the season.

As shown in the figure below, a total of seven sanitation units are
connected to the cold and/ar hot tap pipes. The inlet cold water pipe first
passes an internal container intended as a reserve in case of system
failure.
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Figure 2. Installation of water facilies at WASA base.

In order to minimize water consumption the latest damestic technology in
water consevating units was used. This was for two reasons. In the first
place melted water was believed to be a scarce resource when there were
many visitors; thus conservation is necessary to avoid shortage of water.
Secondly a minimized consumption of tap water is closely linked to lowered
volure of sewage.

This is positive, both with regard to envircnmental impact and strategies
of sewage purification. For a start it was decided only to produce grey
water. To achieve this no flush toilets were installed. Instead two dry
toilets, with separate ventilation and external refuse, were integrated in
the main building.

Themninalwaterdexaxﬂforeadmtappointisstmmbelow.ﬂhetapsat
the laundry, kithchen sink and wash-basin have an internal regulator for
maximm flow and maximum temperature of hot tap water. They are preset with
a screw-driver, and can easily be adjusted.
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Table 1. Nominal tap and machine water demand, WASA base.

Demand Units, Comments

Source 1/min. 1/cycle numbers

Shower heads 6-8 ~ 6-30 2 max, flow indipen-
det of pressure.

Taps 3- 3 adjustable max.
flow/temp.

Washing ~ 68-100 1 capacity 4 kg

machine dry laundry.

Dishwasher - 23 1 capacity 14
place-settings

Thesrnvezsaxee;uippedwiﬂ)ﬂuemostatictapsa:ﬂmﬁswiﬂ\hydraulic
flow—control devices. The washing machine and dishwasher are for domestic
pmposes,d)osalbecauseﬂueywexethennstwatersavmgonesmthe
market.

Water from all taps and machines is gravity-fed to a single outlet point
in the shower room. Thesewagesystemleadingtotherecipimtcasistsof
75 mm inner diameter polyethylene pipes with rubber sealings. The pipes are
mldmplaoeandkeptataocnstantslopebyasupportjngvmdengroove.
About 100 metre downhill the grey-water is deposed in a shallow snow and
ice layer.

5. FIEID EXPERIENCES AND RESULTS

Normal Swedish domestic consumption of tap water today averages 200
litze/persaxarxiday.Ofﬂmatapprox.30%islostonthewayfmnprod\ner
to the single household, consequently 140 litres/person and day can be seen
as a net value. This figure can be greatly reduced without lowering the
sanitary standard, or putting excessive oconstraints on the users. With
zeferencetofi:ﬁingsreporbedbySlettmarﬂReed (1988) it was beliewved
that specific consumption for WASA base would not exceed 50 litres/person
and day.

Dur:ingthefirstthneeweeksofmzkatthebasesi‘be, people directly
camecbedtoﬂmemildinga:tivitesasmllasxmeard\erslivedmtamts,
caravans designed for the purpose and glass-fiber moulded huts. The total
runberofpeopleintheareavariedbetweaxgandm,depaﬁingmthe
research activities.

Afterafeddaysatthebase,anareawithamixofwaterandioewas

found down at the adjacent glacier. All water was then taken from that
source. The water was during this first period stored in 50-litre plastic
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cuxtai:ers.Apattfmnbeirgusedforcnddngarﬂcleam:gkitdmequip—
ment, a small amount was used for personal hygiene.

bbexactneasurerentswerepossibletobenadeduﬁngﬂﬁsperiod, but it
canbeestimatedthatthedailyuseofwaterwasintherangeofS—lO
litres/person and day. During this period no piped water was available, and
hot water had to be heated on bottle-gas stove.

After two weeks in the area, a simple shower-tent was erected. With the
aidofahandheldshowerdevicearﬂpnotectedfmnthewini, it was possi-
ble to take a shower with a minimum use of water. The normal use was
between 4 and 6 litre of hot water.

Afbertlneeweeksofocnstnx:timtineitwaspossibletonmeinmthe
main bullding. For the rest of the period all preparing of food, personal
hygiene, washing etc. was done in the building.

In order to split the total dwelling house consumption of potable water
into more specific parts, totally eight water meters were installed. They
were equipped with sensors for remote logging of flow.

The specific water demand as logged varied between 19 and 58
litres/person and day, as shown in Table 2.

Table 2. Specific and total water demand for WASA base, 24/1-1/2
1989.

Value Water demand, litres/person and day
Total Kitchen Laundry Showers Other

uses
Mean 37,8 14,2 9,7 9,2 4,8
Max. 57,7 32,6 19,3 25,5 11,5
Min. 18,9 4,6 2,2 1,4 0,8
Mean $ 100 37 26 24 13

During the measuring period all linen was washed, giving in all 13
washing cycles and a total water use of 1020 litres. If this figure is
excluded form the grand total, the mean total goes down to 30.7
litres/person and day.

6. CONCLUSIONS

Water conservation with commerciabilly available taps, shower heads,
machines etc. can reduce normal in-house use to a great extent. With full
sanitary standard, except for flush-toilets, the specific water demand was
well below 40 litres/person and day. Because of the short in-house living
period the use of the washing facilities were intensive. It can therefore
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bepxesmedthatmmmalspecificwateruseatﬂasabasedm'ingldlger
periods, is below 35 litres/person and day.

It is essential to avoid excessive use of tap water due to flushing away
too hot cold water or too cold hot water. Both cases can oocur, and should
be avoided by careful technical planning.

Additional water saving can be achieved by installing areators on the
taps,arﬂtanperahnecaﬂzouingdevicasatﬁmeinletsideoftlemjnm
and cold water lines.
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POLIUTTON-FREE PETROTFUM PRODUCTION
AND TRANSPORTATTION
SYSTEMS IN THE ARCTIC REGION

Farouk A. Mian Brown & Root U.S.A., Inc., U.S.A.
Manager, Advanced Technology

ABSTRACT

This paper describes advanced process technologies and the
implementation of envirommental systems for designing production
facilities that will maintain pollution-free envirormments and eliminate
all wastes to accamwplish zero discharge in the Arctic. It presents
original methods for transporting petroleum gases and liquids in all
combinations by subsea tanker all year around. The paper also describes
the elimination of flaring of associated petroleum gas. Further, if fuel
gas contains hydrogen sulfide (H2$) and carbon dioxide ((I)Z) is to be
used for power generation, special treatment of the fuel gas is described
to remove pollutants, followed by final treatment of flue gases to remove
trace emissions of SOx and NOX to the atmosphere. This paper also deals
with new technologies for support and utility facilities including the
handling of solvents and drilling fluids and the treatment of various
waste fluid streams. New systems such as double contaimments with
leak-detection devices, closed loop, and recycle systems are described to
prevent oil leakages and unnecessary emilsion formations.

1. PETROLEUM PRODUCTION

In the United States alone, the Alaska North Slope area contains some 19
billion barrels of proven and estimated reserves. The northern Canadian
Islands contain estimated reserves of over 35 billion barrels. ‘These
reserves represent only U.S. and Canadian sources, excluding other Arctic
Region countries.
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First, in view of the harsh Arctic enviromment, production facilities
will be equipped with only the necessary production units while the
remainder of the downstream process units are located in non-Arctic
regions. Second, different production methods may be utilized, two of
which are described below. These methods take into account the
thermodynamic properties of natural gases: that compressed vapors above
the critical points behave like compressible fluids with densities close
to liquid. The compressible fluids, vapor densities, and weight ratios of
liquid to natural gas mixture are illustrated in Figures 1 and 2,
respectively.

1.1 Crude Processing - Arctic 0Oil and Gas Field

Under a simple treatment scheme, shown in Figure 3, two stages of
separation are used to stabilize the oil. The production from
wellheads is heated before entering the high-pressure separation
unit where the bulk of the associated gas is first separated, then
canpressed to medium pressure of 4500 to 5000 psia. (This pressure
level is very commonly used in the petroleum and chemical
industries.) A small portion of the compressed gas is used as fuel
for power generation. After separation of the free phase of water,
the crude is dropped in pressure to the second-stage separators
which operate at 2 to 5 psig, resulting in a three-phase separation.
Any crude which still contains emilsified water is then
transferred into a dehydrator. The flashed gases are compressed and
mixed with high-pressure separation gases. The dehydrator utilizes
electrostatic treatment to assist in the coalescence of water
droplets, which facilitates the separation. The heating source
is flue gas exhausts from power generation gas turbines.

After the water removal step, the crude is pumped to a specially
designed subsea tanker. Natural gas above the critical conditions
is also transferred in bulk at 4500 to 5000 psia.

1.2 Petroleum Gas Processing - Arctic Gas Field
By employing a simple single-stage separation process, shown in
Figure 4, the bulk of gases are separated and compressed to medium
pressure of 4500 to 5000 psia. A small portion of the compressed
gas is used as fuel for power generation.
Petroleun condensate and gas above the critical conditions are
then also transferred to a specially designed subsea tanker.
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2. PETROLEUM TRANSPORTATION SYSTEM

A unique method is presented for transporting petroleum liquids and
gases or a canwbination of both gases and liquids (partial or stable
crude oil) in sea ice Arctic conditions during all-ice seasons.

In moving oil and gas from the Arctic region, a subsea tanker will
present less of a hazard to the Arctic envirorment, primarily because it
will avoid the threat of rupture by sailing under and clear of sea ice.
The problem posed by a massive oil spill from a tanker on Arctic sea is
at least as great as that from a pipeline rupture. It must be assumed
that oil from such a spill would reside in the region for an extremely
extended time. Because of the lack of evidence thus far for scientific
evaluation of the bio-degradation of oil in ultracold seawater, the
effects can be assessed only speculatively.

Polar ice caps, which inhibit surface ship transport, and the operating
cost of the Arctic icebreaking tankers now used are strong arguments in
favor of the more efficient subsea tanker. The recent Valdez oil spill
and its severe envirommental effects, both current and long~term,
provides another strong argument.

Arctic sea ice conditions require that the Arctic rigid icebreaking
tankers presently used do the job the hard way-—on the surface. Arctic
sea ice conditions are neatly set aside by the subsea tanker which will
do the job the submerged way. A new concept in subsea transportation is
presented, as shown in Figure 5.

The subsea tanker is compartmented into three distinct modules:
Petroleum oil and gas
Petroleum condensate and gas
Petroleum crude oil

The compartmentalization system is flexible in order to store the
petrolemm fluids in any of the modules and is also designed to maintain
the gases above the critical conditions of 4500 - 5000 psia for easy
transportation without expensive cryogenic requirements.

The cargo capacity for a 156,000-Gwt subsea tanker operating in the
Arctic is more than 80% of the displaced volume of the ship. The biggest
advantage of this fact is that if leakage developed in the subsea tanker,
it can be contained.

The subsea tanker can also be used in conjunction with sea—going
surface tankers with a similar arrangement as described in the subsea
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3. POWER GENERATION, FLUE GAS TREATMENT, AND MAJOR UTILITIES

Gaseous Fuel. If the associated gas (methane, ethane, etc.)is used for
power generation and contained hydrogen sulfide (H2S) and carbon dioxide
((:02) , then the required amount of natural gas is amine-treated, followed
by zinc oxide treatment for any trace removal of hydrogen sulfide. Such
fuel is normally used for power generation for production facilities.

Licuid Fuel. Methanol is the most logical fuel for producing power in
the Arctic region. It is stable, easily transportable, and has absolutely
no sulfur and nitrogen base compourds. With small modifications, gas
turbines can operate on dual fuel systems.

4. FIUE GAS TREATMENT - DOWNSTREAM PROCESSES

The exhaust gases exiting a combustion chamber consist of carbon
monoxide (C0), partially burned hydrocarbon (PHC), NO,, and SO, all
products of combustion, along with remaining atmospheric gases. Figure 6
illustrates various treatment processes. Steam is injected into the
combustion chamber of the gas to reduce the NO_ level by lowering flame
tenmperature, resulting in higher O content in the turbine exhaust gas.

5. HYDROCARBON OXIDIZER AND OO CONVERTER.
The partially burned hydrocarbon (PHC) and residual (O are converted to

carbon dioxide and water in the presence of 00 catalyst, which promotes
the following chemical reactions:

PHC + O, :zyyi' 0, + H,0 (1)
™ + 1/,0, > @ (2)

To promote a high rate of gas contact with a catalyst surface, the
converter is designed to have either a monolithic or honeycomb structure.

6. SELECTTVE CATALYST REDUCTION (SCR) SYSTEM
In the SCR system, ammonia as a reducing agent is injected in the

exhaust gases in the presence of catalyst to reduce NOX, as demonstrated
in the equation:
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The NOX removal efficiency is governed mainly by flue gas temperature,
NH3/NOX mole ratio, and catalyst volume. The optimum temperature for SCR
operation is between 282°C to 404°%. The catalyst has the characteristic
of oxidizing 502 in the flue gas to 50,.

7. CATALYTIC OXTDATION

Sulfur dioxide (SOZ) is converted into sulfur trioxide by means of a
special sulfur-resistant catalyst which promotes the oxidation process at
200 to 250°C. A supplement fuel is not necessary for this process.

8. ACID GAS SCRUBBER

The acidic gases, primarily SO3, 002, and traces of 502, NOZ, if any,
are water-scrubbed followed by scrubbing with a dilute hydrogen peroxide

(H202) solution.

S0, + H,0 ——>H2304 (4)
S0, + H,0, —— P H,50, (5)
2NO, + H,0, —~>2HN03 (6)

High concentration of sulfuric acid is produced, which can either be
used internally or exported. The vent gases from the scrubber that
contains only €0, are discharged to the atmosphere. If desired, 0,
can also be recovered as liquefied gas or o, ice.

The excess concentrated acid can be neutralized with magnesium

hydroxide Mg (OH)2 to produce stable salt for safe disposal.

H,80, + Mg(OH), ——PMgSO, + 2H,0 (7
2HNO, + Mg(OH), ———PMg (N0, ), (8)
2H,0

2

With the implementation of these technologies, absolutely pollution-free
envirormmental conditions can be achieved.

9.  NITROGEN GAS GENERATING SYSTEM

The nitrogen gas generating system provides an air separation process
which traps the oxygen molecules in compressed air by using special
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alternating beds of these adsorbents are exposed to compressed air in a
cyclic process of adsorption and desorption. Oxygen is rejected and
vented into the atmosphere through a nitrogen purge containing 30%
oxygen, which can utilized in other process units as enriched oxygen air.

The system consists of three basic modules as shown in Figure 7.

Along with its other uses, nitrogen can also be used to transfer
fluids, thus eliminating pumps, their maintenance, and the possibility of
leaks and drippings.

10. FRESH (DESALINATED) WATER SYSTEM

The feed water is fed through a plate type exchanger and preheated by
outgoing distillate and blowdown. In multiflush evaporation systems,
vapor generated in each stage or effect is used as the heating steam for
each succeeding effect.

The vapors from the last effect are compressed and used as a heating
source to the first effect. The cambination of vapor compression with a
multiflush evaporation system requires only 40 - 60 Btu per pound of
water production.

11. PRODUCED WATER TREATMENT

Systems similar to the fresh water system described above can be used.
Advantages would be:

a. Campact system; no bulky tanks and transfer systems.
b. Elimination of flotation unit and chemicals.

c. Less space needed.

d. Recycled water for secondary recovery, if desired.

12. EMULSIONS and HYDROCARBON LIQUIDS TREATMENT: CLOSED LOOP RECOVERY
AND RECYCLE SYSTEM

Wastewater is collected from various unit operations in an equalization
tank from which free-floating oil and settleable solids are removed.

As illustrated in Figure 8, the remaining wastewater is transferred to
a process tank. From the process tank, wastewater is pumped and
recirculated through the membrane modules. Wastewater is continuocusly
added to the process tank for treatment.
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In a continuous process design, the wastewater feed is progressively
concentrated as it is pumped from stage to stage, exiting from the
membrane module system at final concentrations.

Water and low molecular weight solutes pass through the membrane pores
and are removed as permeate. Emlsified oil cannot pass through the
membrane pores and also separates the emulsion into oil and water.

The permeate water is steam-stripped to remove any entrained oil and
then returned to the process tank while the clean water is recycled to
the process unit, resulting in zero discharge to the enviromment.

The advantage of this system is that chemicals and additives additions
are eliminated.

13. HYDROCARBON VAPOR ABATEMENT SYSTEM

The contaimment air streams are preheated in the heat exchanger by the
hot exhaust released from the catalyst as shown in Figure 9. Gases pass
through the heater to the catalyst where cambustion takes place. At the
heart of the system is a platimumcoated catalytic element. The unit
operates at temperatures sufficiently high to destroy organic
contaminants. Special ceramic insulation retains the heat, which is
recovered during the process and recycled to preheat the inlet gases.
Reusing the energy greatly reduces operating costs. This system destroys
aliphatic and aromatic hydrocarbons completely. The clean vapor
effluent, consisting of carbon dioxide, water, and remaining air
components, is discharged after being cooled to the atmosphere.

14. STORAGE OF CHEMICAL SOLVENTS AND SAFE HANDLING OF SECONDARY
CONTATNMENT SYSTEMS

Accidental spills and leakages are deleterious to the enviromment,
including in damaging consequences of sea and ground water contamination
in both exposed and unexposed areas.

By implementing the secondary contaimment concept, many industrial
chemicals, including solvents, drilling fluids, acids, leaks, nixtures,
and wastewater, can be safely stored and transported between the process
units to storage tanks ard to treatment facilities.

The piping system camprises an inner “carrier" piping system assembled
with a fully pressure-rated, outside "containment" pipe. The containment
pipe is used to safely contain any fluids leaking from the carrier pipe
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Two major leak detection systems are popular in secondary containment
systems. Either could be readily adapted to the proposed containment
concept:

a. Cable Detection systems
b. Electrode detection systems

Cable detection systems are highly accurate in their ability to detect
leaks and to locate them precisely.

The simplest, licquid-sensing electrode leak detection involves sealing
off finite zones of secondary contaimment piping and installing a saddle
with a tap into the contaimment space of each zone. A detection device
installed into this tap can be used in a variety of ways to detect leaks.

15. EFFECTS OF POLLUTION ON ECOLOGY

Increasing scientific evidence shows that emissions of pollutants from
the coambustion of fossil fuels contribute to air pollution and that
polluted air is harmful to human health and welfare and to the
envirorment. Such phenomena as acid precipitation and ozone depletion in
the upper atmosphere with formation near ground level together with their
effect on the earth’s natural resources have emerged as the premier
envirommental issues caurrently facing the industrialized countries.

Water pollution produced by oil spills and solvents can also
contaminate the waterways and oceans, thus affecting marine life and

destroying some species.
16. INORGANIC GAS DISCHARGE.

Carbon dioxide is not considered a pollutant; however, there is concern
that excessive quantities of this gas within the atmosphere might produce
a "greenhouse effect" causing the gradual warming of the planet and
changing the global climate. Many of the inorganic and organic gas
discharges have been found to be injurious to plant, animal, and human
life,
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Described below are products of cambustion and their effects on the
envirorment, including human and other living organisms.

Name

Carbon Monoxide

Carbon Dioxide

Nitrous Oxide
Nitric Oxide

Dinitrogen

Trioxide

Nitrogen Dioxide
atmosphere,

Dinitrogen
Pentoxide

PRODUCTS OF COMBUSTION

OXIDES OF CARBON

Effects

Danger to human health; ability to pass
through lungs directly into the bloodstream
of an organism.

Absorbs heat energy and may produce a
"greenhouse" effect.

OXIDES OF NITROGEN

(Laughing gas) Inert, not a pollutant
Main product of combustion, considered
harmless by itself. Converts to NO,. Some
indication that it may disintegrate the
ability of red blood cells to carry oxygen.

Unstable, rare, not a significant pollutant.

Causes significant effects in the
e.qg., forms smog, yellows white fabric,
Ccreates plant leaf injury, reduces plant

yields.

Unstable, rare, not a significant pollutant

OXIDES OF SULFUR

Sulfur is released into the atmosphere from burning processes in the form
of sulfur dioxide and sulfur trioxide.

Sulfur Dioxide

Sulfur dioxide will slowly oxide to sulfur
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Name Formula Effects

sulfurous acid, HZSO3, in water. To humans

502 is an eye irritant, also causes and
aggravates respiratory diseases such as

emphysema and bronchitis.

Sulfur Trioxide SO Sulfur trioxide is highly soluble in water
and forms sulfuric acid. Studies have found
a link betweenso3a:dtheoocmrenceof

Jung cancer.

Sulfur oxides are considered significant pollutants. They will spot
and bleach leaves of plants and trees. Snow or rain will wash sulfur
oxides from the atmosphere; however, the rain will turn acidic. Acid
rain is increasingly of concern because of its detrimental effect on
plant life.

17. ORGANIC GAS DISCHARGES

The majority of organic gaseous discharges into the atmosphere occur from
natural sources. Of the many organic discharges from industrial sources,
the more significant ones are:

a. Oxygenated hydrocarbons
b Halogenated hydrocarbons
c. Hydrocarbons, such as paraffins, olefins, and arcmatics

Most of the chemicals in these categories are carcinogenics, which
generate odors, may be highly reactive, readily combine with other elements
of the atmospheric enviromment to produce ozone, and create additional
significant danger to life and comfort.

18. MAINTAINING A POLLUTION-FREE ENVIRONMENT IN THE ARCTIC REGION

A pollution-free enviromment in the Arctic can be accomplished by
adopting the following steps:

a. Installation of minimum production facilities.
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Elimination of natural gas flaring or venting directly to the
atmosphere.

Not building natural gas conversion plants. The investment costs of
such plants will be considerably higher because of harsh climate
design factors. Operational costs will more than double. In
addition, such plants require much more energy to operate in the

Arctic, and the costs of environmental control are astronomical.
Secondary contairment to contain liquid spills.

e. In-place destruction of vapor and liquid hydrocarbons to harmless

emissions.

f. Implementation of pollution control technologies and monitoring

systems.

It would be cheaper for mankind to pay the economical price to maintain
a pollution-free enviromment today than to face irreversible life-

threatening ecological consequences tomorrow.
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ABSTRACT

DIPOL, a French group for the Development of Industries in
POLar regions, is presented.
The main topics of the DIPOL R & D programme are 1

. site analysis (geotechnical and environmental)
. 1ce-structure interaction

. materials

. ships

. styucture concepts (onshore and offshore)

The site analysis relates to the atmospheric conditions,
the iceberqg occurrence distribution, the iceberg behaviour
during impacts, the soil modelling taking into account the
salt migration, and the structure of an artificial stone
breakwater.

In the material programme, the correlation between the
external and internal temperatures of steels and composite
materials is studied. The long term behaviour of concrete
and composite materials exposed to the harsh environment of
the Antarctic has also been experimented.

With respect to steels and ships, the project aims to
develop a new Arctic steel and to optimize the structure and
form of a large merchant ice-breaker.

Concerning structure concepts, 3 offshore projects are
briefly described :

. 2 gravity base concrete structures designed for use in
frozen seas
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. 1 concrete floating production vessel intended for use in
iceberg infested waters

1. INTRODUCTION

Although the recession which has plagued the oil industry
for several years worsened with the sharp drop in crude oil
prices in 1986, oil companies have continued to pursue ex-
ploration activities in the Beaufort Sea off the coasts of
Canada and the United States.

An important gas development is also foreseen on the far-
east of the USSR, off the coast of Sakhalin Island.

In both cases it will be necessary to develop offshore
drilling/ production installations and means of transpor-
tation by sea.

In addition, France owns and operates a scientific base in
Terre Adélie in which numerous studies and experimental
researches on polar environment and ice behaviour are
performed.

For these reasons, significant research and development
studies have been undertaken for several years, in the field
of Arctic technology, by French companies, institutes and
laboratories.

In order to coordinate and enhance these works, it has
been decided to create the DIPOL group (French group for the
Development of Industries in POLar regions).

2. DIPOL : ORGANIZATION AND ACTION
2.1. Objectives

The primary objectives of the DIPOL Group are the
following :

to favour the coordination of actions and projects in

progress,

. to organize exchanges of scientific and technological in-
formation on completed works of Research and Development,
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to maintain a current list of the actions and projects in
progress and under preparation,

to annually actualize the documentation about the polar
potential market,

to initiate future actions and assist the Members of the
Group in their organisation and in the search for
financing,

to ensure the external transmittal of information about
the Members’ activities in the polar field,

to coordinate cooperation on an international level
between R & D groups.

In particular, concerning this last action, DIPOL is
the French interlocutor of the Canadian Department of
External Affairs for scientific cooperation in the Arctic
technology.

2.2. Members

DIPOL gathers several French companies, institutes and

organisations whose specialities are often complementary :

Company Alsthom-Chantiers de 1’Atlantique,

Bouygues Group - Company Bouygues Offshore (BOS)

Bureau Veritas (BV)

Institut Frangais du Pétrole (IFP)

Institut de Recherche de la Sidérurgie Francaise (IRSID)
Laboratoire Central des Ponts et Chaussées (LCPC)
SOLLAC GTS/TFK Companies

Compagnie Nationale de Navigation (CNN)

IFREMER

Sociétés de Dragage International

Several associated members also involved in the DIPOL

activities include 3

Centre National de la Recherche Scientifique (CNRS)
Ministére en charge de la Recherche

Territoire des Terres Australes et Antarctiques Frangai-
ses ('TAAF)

Bxpéditions Polaires Frangaises
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2.3, Specialities

The DIPOL Group is managed by a Pilot Committee whose
secretariat is held by Bureau Veritas.

It includes five Committees of Speciality ¢

Polar Environment
Soils and Rocks in Polar Conditions
. Ice-Structure Interaction
. Materials for Cold Regions
. Structure Concepts (onshore and offshore)

Each Committee of Speciality

. carries out the progress report of the projects and of the
international interactions and reports its finding to the
Pilot Committee Representative,
submits to the Pilot Committee the new projects which
could be included in the Group activities and the nomina-
tion of new members,

. issues the 1list of the anticipated studies and
cooperation projects,
defines the objectives and priorities which are to be
submitted to the approval of the Pilot Committee,

. organizes technical meetings among the Members,

. in cooperation with the Pilot Committee, assists the
Members in organising their actions and in finding the
necessary financing and logistics.

Such an organisation allows exchanges and cooperation
between the leading specialists on a specific topic,
thereby optimising their activities.

The information relating to the actions of one of the
Committees of Speciality is transmitted to the others
through the Pilot Committee.

3. R & D IN PROGRESS

About a dozen research projects are in progress under the
cooperation of DIPOL Members. These projects, for the
purpose of the presentation, are grouped in four topics :
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. 8ite analysis, covering the activities of two committees
of speciality (Polar Environment - Soils and Rocks in
Polar Conditions),
materials (Materials for Cold Regions),

. ships (Ice-Structure interaction - Structure Concepts)

. offshore platforms (Ice-structure interaction - Struc-
ture Concepts)

3.1. Site Analysis

The studies under completion aim to provide the designers
with a better knowledge of the definition of the environment
in polar regions, Arctic and Antarctic, and of the behaviour
of natural materials as soils and rocks.

A first action, planned on two years, concerning the

Canadian Arctic environment, is presently in progress under
the cooperation of Beneteau Shipyard, Bureau Veritas,
Kurbiel Expéditions and IFREMER and with the sponsorship of
Ministére de 1’Industrie. The support is provided by the
two sailing ships Vagabond’eux and Tupperware/Vagabond 3 of
Kurbiel Expéditions. During the summer 1988, the steel ship
Vagabond’eux navigated the North West passage from Pacific
to Atlantic Ocean after which the Vagabond 3, a composite
ship built by Beneteau, joined her at the exit of the Bellot
Channel after passing through Resolute Bay.
During the trips, the ship crews studied the atmospheric and
ice environment. The programme was concerned with the
analysis of the conditions in which are observed the
phenomena of mirages, "polynias®" and ship structure icing.
During the navigation of Baffin Bay and Davis Strait, a
detailed observation of icebergs was carried out. The
collected data are under analysis but it can already be said
that mirages are more frequent than thought, as, generally,
crews are not always conscious of the phenomena’s occur-
rence. A complementary study is planned concerning the wind
structure, i.e. wind speed distribution for various
meteorological conditions.

Another work is under way in the Antarctic with the parti-
cipation of Territoire des Terres Australes et Antarctiques
Frangaises (TAAF), Ecole Nationale des Ponts et Chaussées,
Laboratoire Central des Ponts et Chaussées (LCPC), Institut
Frangais du Pétrole (IFP) and Bureau Veritas. Analysis and
measurements are being conducted to better define the sea
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ice, the temperatures, the ice and iceberg actions on coast
protections and the behaviour of an artificial embankment.
Studies are performed in cooperation with the Canadian
company C-Core and the sponsorship of the Ministdre en
charge de la Recherche.

The embankment survey involves the movements of the rocks
which form the slope exposed to wave and ice actions, and
the measurements of temperatures and ice concentration in
the center part. Holes have been drilled to carry out the
measurements of temperatures, electrical characteristics,
diagraphy and endoscopy.

TConductivity
&:Diclectric constant

Tiee RN
N Z Exnter
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10he 10hx 0 ha Freguency

Pigure 1. - Dielectric constant and conductivity
versus sound wave frequency

Data obtained from thermistors were used to display
isotherms, to observe temperatures and ice extensions since
December 1986. Capacity and resistivity measurements allow
the differentiation between water and ice. Measurements are
performed with 3 frequencies : 0.1 khz, 1 khz, 10 khz. Va-
riations are shown in Figure 1.

As a complement to studies on sites, a research programme
is conducted in laboratories involving the Laboratoire de
Géomorphologie de Caen (CNRS), the Laboratoire
d’Aérothermique de Meudon (CNRS) and the Laboratoire Cen-
tral des Ponts et Chaussées (LCPC) with the support of the
Ministdre en charge de la Recherche.

This programme, including theoretical studies and
laboratory tests, aims to determine a representation of the
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rupture of rocks submitted to frozen cycles. This
phenomenon is of importance when considering the lifetime
of embankment built with stone blocks. The importance of
porosity on rock fracture mechanism has already been found
and works progress on the methods to measure the porosity.
Other studies concern the improvement of computing methods
relating to the behaviour of frozen soils while accounting
for salt migration. The first step under progress is to
create a system to measure the ice front displacement in
such conditions that mechanical and thermodynamic
parameters of equation can be determined. An experimental
prototype cell has been built and tested with success. The
principle is based on pressure measurements during an
imposed constant liquid flow through the studied soils and
measurement of the acoustic properties (Figure 2.).
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Figure 2. - Sound speed in a humid soil versus temperature

3.2. Materials

One of the important questions concerning the materials
to be used in cold regions is the risk of brittle fracture.
Materials have a transition temperature below which they
become brittle. For many materials, this transition
temperature is not low enough to allow their use in structu-
res to be operated in Arctic and Antarctic.

Another problem for such materials as concrete and

plastic composites is aging when submitted to extreme
conditions and to the large thermal cycles between summer
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and winter. Four projects relating to these subjects are
now in progress.

The first project deals with the definition of the service
temperature of the materials. The State of the Art is to use
the meteorological temperature for material design
temperature. The primary reason for doing so is that when a
site 1is analysed, the only available data are
meteorological data. It is well known however that the
temperature is a parameter largely influenced by the system
of measurement and the ambiant conditions. There is
therefore little reason to believe that the material
temperature equals the meteorological temperature. A study
was started some years ago involving Bureau Veritas, TAAF,
Ecole Nationale des Ponts et Chaussées (ENPC), CNRS, Labo-
ratoire d’Aérothermique de Meudon, in view of studying the
correlation existing between conventional meteorological
temperature and steel element temperature.

In conditions of strong sun radiation (Figure 3.), the ob-
servations and measurements have shown great differences
(up-to 40°C). The influence of such parameters as wind
speed, sun radiation and temperature history have been
analysed through statistical tools.

A procedure to analyse the air/steel temperature has been
established and tested. The application to year-round
measurement is now in progress.

TEC)
404
354
30
25
20
15 4
104
54
2
10
i (1)
Figure 3. - Metal plate and meteorological temperatures
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The determination of statistical representation of the
temperature variations is presently under investigation,
mainly the lowest temperature in view to apply a
probabilistic approach to the selection of steel qualities.

As a complement to steel, analysis of the service
temperature of plastic composite elements is planned for
the coming year. Aging of the composite elements, i.e. the
evolution of mechanical characteristics versus time of ex-
position to the Antarctic conditions is also being studied.
This project involves TAAF and IFREMER.

In addition to studies on small samples, actual on-site
verification of the behaviour of the glass fiber composite
hull under ice impact was performed during the trip of the
ship Tupperware/ Vagabond 3 in North Canadian waters.
Throughout the outgoing and return trips, the hull was
precisely monitored by radiography and ultrasonics. Ini-
tial results indicate good resistance of the glass fiber
composite material. Involved in this action are Bureau
Veritas, Kurbiel Expéditions, Beneteau Shipyard, IFREMER,
with the cooperation of the Ministére en charge de la Re-
cherche.

These theoretical works are complemented by an industrial
project with the participation of the SOLLAC GTS/TFK
companies, Institut de Recherche de la Sidérurgie Frangaise
(IRSID), Alsthom - Chantiers de 1’Atlantique, Bureau
Veritas and the sponsorship of the Ministére en charge de la
Recherche. The project aims to :

define a steel particularly well adapted to Arctic
regions applications, which is easy to weld,
. set up a standard for future application.

i c’ﬁ':r \
Figure 4. Concrete beams in Terre Adélie
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Concerning the behaviour of concrete in Arctic condi-
tions, four prestressed concrete beams were anchored in the
sea near the coast at Dumont-d’Urville Base, in Terre-
Adélie, in order to be exposed to the action of the sea water
and ice, as well as to very low temperatures and high winds
occurring during Antarctic winter (Figure 4.)

These beams, the dimensions of which are 0.4 x 0.4 x 6 m
were built by Bouygues. Two of them are made of ordinary
concrete while the other two are of high strength concrete.

To be used as a reference, four similar beams were built
and stored in Bouygues premises.

After a two-year staying in Terre-Adélie, the beams were
brought back to France in May 1988. A program of tests has
been defined by the Ecole des Mines d’Alés. These tests will
also be carried out by the Ecole des Mines d’Alds with the
assistance of Bouygues. A first visual inspection showed no
particular alteration of the beams.

This experiment has been realized under the control of the
Ministdre en charge de la Recherche.

3.3. Ships

Two projects concern the design of ships for polar
regions. One of them deals with the conception of a small
ship for use as a logistic base for polar expeditions. The
project is conducted by the Société Francaise de Construc-
tion Navale (SFCN) in France and Bureau Veritas, with the
sponsorship of the Ministadre de 1’Industrie. The idea is to
return to the principle of the Nansen’s Fram ship. This ship
is not designed to offer resistance to ice when the pack-ice
closes but rather to 1lift up and remain stable.

The objective of the other project concerns the
definition of the hull shape for a large merchant ice-
breaker. The project participants include Alsthom - Chan-
tiers de 1’Atlantique and the Laboratoire de Glaciologie et
de Géophysique de l’Environnement (LGGE - CNRS). This
project is sponsored by the Ministadre en charge de la Re-
cherche.

One of the major difficulties for any ship project is the
definition of ice loads, as the existing methods are mainly
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empirical and do not correlate well with measurements under
actual conditions. For this reason, a basic research pro-
gramme has been started with the cooperation of Laboratoire
de Glaciologie et de Géophysique de 1’Environnement (LGGE -
CNRS), Institut Prangais du Pétrole (IFP) and Bureau
Veritas under the sponsorship of Ministdre en charge de la
Recherche. This project includes theoretical studies to
develop a model of the ice pressure resulting from impact
with a structure and laboratory tests to quantify the
equation parameters used in the equations and verify the in-
fluence of the ice confinement and the load velocity. The
first step of the research led the programme to the use of
fracture mechanics to represent the different steps of the
ice crushing and calculate the interactive forces between
the structure and the ice. The modelling of the crack ini-
tiation in the ice has been completed and now this work is
being further developed to include the increase of ice
cracks to ice fracture (Figure 5.).
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Figure 5. - Ice stress versus time and observation of
the first crack for various strain rates

3. 4. Offshore Platforms

Several concepts of offshore platforms have been developed
in France. Three of them are briefly described hereafter,
each one having been designed for specific environmental
and operating conditions.
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3.4.1. NEKTON 8000

NEKTON 8000 is a floating oil production system with a
12,000 T deck load capacity which can be operated in harsh
environment, such as the North Sea, or in iceberg infested
areas, such as offshore Newfoundland.

This floating production system is designed to withstand a
30-meter high 100-year wave and growler or bergy bit im-
pacts.

NERKTON 8000 has been developed by a French Association
composed of Bouygues Offshore, Institut Frangais du Pétrole
and Alsthom-Ateliers et Chantiers de Bretagne

The vessel is comprised of :

a semi-submersible hull made of prestressed concrete and
composed of 6 columns connected at their lower part with 2
longitudinal pontoons and 2 transverse pontoons,

. an integrated steel deck housing the topsides facilities,
a multiple flexible riser system which can be quickly
disconnected and reconnected,

. a 1l2-line catenary mooring system which can also be
quickly disconnected and reconnected,

Figure 6. NEKTON 8000 model tests in St Johns’ Newfoundland
This project has been developed within the framework of

cooperation with Comité d’Etudes Pétrolidres et Marines
(CEP&M) .
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The structure interaction calculations and model tests

(waves, sea ice, growlers) have been performed in Canada
with Canadian financial assistance.
Figure 6. shows the ice model tests performed in the
Institute for Marine Dynamics Ice Tank in St JOHNS. C-Core,
CNRC and Memorial University of Newfoundland have also been
involved in this development.

3.4.2. GRAVITY BASE PLATFORM "ZEE STAR 120"

The gravity base platform "ZEE STAR 120" is a mobile
drilling unit intended for use in the Beaufort Sea in 42 to
120 foot deep waters (14 to 40 meters).

Figure 7. gives an artist’s view of the "ZEE STAR 120".

This platform must especially withstand the action of

a 7.5 m thick multiyear ice floe with 33 m thick ridges. It
allows the drilling of 3 wells with 270 days’autonomy and is
provided with accommodation for 90 people. The equipment is
installed on 2 winterized decks integrated within the
structure.

ZEE STAR 120 is composed of 3 parts :

a prestressed concrete gravity base structure in the
shape of a 12 side truncated pyramid, the internal struc-
ture of which is made of a high strength concrete
3-dimensional truss,

a lower deck surrounded with a wave wall designed to
withstand the pressure of the maximum wave and ice rubble
loads,

an upper deck mainly supporting the drilling equipment.

Figure 7. "ZEE STAR 120"
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3.4.3. "LSP" DRILLING PRODUCTION PLATFORM

The LSP (ice-resistant platform) project intended for the
TCHAIVO oil field, offshore SAKHALIN Island, in 30 m water
depth, has been designed keeping in mind its adaptability to
water depths up to 150 m.

Figure 8. gives an artist’s view of the "LSP".

This gravity base platform must specifically withstand
the actions of 2 m thick annual ice floe with 14 m thick
ridges. In addition, this area has no deep water sheltered
site which would allow a deck mating according to the method
used in the North Sea. These particular conditions
governing the fabrication and the installation, in addition
to the in-service conditions, have led to the development of
a gravity base platform concept comprising :

a base with an internal structure made of a high-strength
concrete 3-dimensional truss,

. an integrated deck installed by self-elevation by means
of DELONG jacks
a central column which ensures the protection of
conductor pipes and supports the deck.
This central column is inserted between the base and the
deck. The 3 parts are then fastened together after which
the DELONG jacks and associated tubular legs are removed.
This patented method allows the platform to leave the fa-
brication yard with a draft not greater than 12 meters.

FIGURE 8. "LSP"PLATFORM
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4. CONCLUSION

DIPOL has permitted to show clearly how numerous and im-
portant the questions to be studied in the Arctic field are.
Although many works and studies have been started and are
now under progress, many gaps have yet to be filled. Impor-
tant works have to be undertaken concerning in particular
the knowledge of environment and its characterization as
well as the means of calculation and the rules and standards
to be applied.

For this purpose, DIPOL regroups different but
complementary organisations and creates between them a
synergy - Universities, Research Centers, Institutes,
Laboratories, Engineerings, Construction and Certification
Organizations cooperate in a large and fructuous manner.

Although DIPOL is a French association, its technical vo-
cation is international and the Franco-Canadian actions are
a good illustration of this international cooperation.
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numerical methods for dynamic analysis of non linear mooring line forces
under regular and irregular waves were developed.

3.6 Soil/Structure Interaction

The soil box facilities were employed for large scale modelling of
stress—deformation state of offshore platform piles and gravity
foundations under the action of static vertical and horizontal loads.
Dry and water saturated sand were both used. Mathematical and numerical
techniques were developed for spatial action and non-linear deformation
versus load for piles and gravity foundations.

On the basis of the experimental study a physical model was proposed
and a mumerical method for vertical settling of offshore gravity
platforms under cyclic wave loading was developed. The method explains
why the settling of gravity structures on water saturated sands urder
horizontal cyclic loading can be an order of magnitude greater than
settling under equivalent static horizontal loading.

3.7 Modelling of Ice Resistant Platforms

A complex large scale model study of different shaped, (cylindrical and
cone~cylinder co—ordination), reinforced concrete ice resistant platforms
was undertaken to determine the effect of simultaneous action of vertical
and horizontal loads and low temperatures. Analogous studies of r-c
elements, (beams, slabs, prisms, etc) were also undertaken. The models
were up to 1.6m in diameter, 1.4m in height with a wall thickness of 0.05
to 0.10m. The research work resulted in the determination of the complex
stress—deformation state of r-c shells and elements under combined
action, structure crack resistance, and frost resistance with regard to
concrete water saturation. Physical models of the studied phenomena were
proposed and methods were developed for calculation of the stress-
deformation state of r—c ice resistant platforms. Recammendations were
also developed for the selection of concrete grade and reinforcement
requirements to help increase the reliability of the structures.
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3.3 Wave Loading on Ice Resistant Platforms

In the wave basins, extensive research has been carried out on regular
wave action on different shaped, (cylinder, cone, monopod, under-water
cylinder etc), large cross section ice resistant platforms. On the basis
of wave diffraction theory, calculation methods for wave loading on
different structure types were developed, (in association with the
Hydromechanics Institute of Academy of Science, Kiev). The calculation
techniques were confirmed by experimental data. The calculations
indicated that wave loads on specific platform types, (cone, for
example), may exceed the load on that structure from an ice field,
essentially if icing on the structure is prevented. This result confirms
the necessity to optimise the shape of ice resistant platforms.

3.4 Scour and Scour Protection

For the first time, local bottom scour due to current and wave action
around cylindrical and conical gravity structures was studied
experimentally.

Methods for scour protection were also studied. Similarity and
dimensional analysis techniques were combined with a generalised form of
the experimental research results to help develop methods for local scour
modelling and scour depth prediction. Additionally, techniques for
evaluation of rock and gravel rip-rap characteristics to achieve scour
protection around the structures were proposed.

The research results show that the relative local scour depth below
natural seabed around large cross section cylindrical structures (D/d =
1-4) at high and low tides is equal to Hg/D = 0.05-0.15. This is an
order of magnitude less than equivalent scour around bridge piers in
rivers where D/d < 0.2. (D = cylinder diameter, d = water depth, Hg =
local bottom scour depth). Relative depth of 1local scour around
cylindrical supports arising from wave action is commensurate with
relative depth arising from currents.

3.5 Tanker Mooring Forces

Experiments with model tankers in the wave basin, field research in one
of the Black Sea ports and the application of similarity and dimensional
analysis, have resulted in the development of techniques for calculation
of ship mooring forces at a berth due to wave action. In the wave basin,
forces in mooring hawsers at a single point mooring were studied and
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3.1 Ice loading

Physical and mechanical characteristics of flat and hummocked ice, and
resultant loads on different shaped offshore structure supports,
(cylirdrical, conical, right angled), were studied on specially
constructed large scale installations on the shelf of Sakhalin as well as
in the ice basin of the Arctic and Antarctic Institute (Leningrad). The
field research resulted in the development of techniques to define
physical and mechanical ice characteristics by means of mechanical
failure tests on small ice blocks and ice beams, and non destructive
(acoustic) testing. A substantial amount of ice characteristic data has
been accumilated in this way.

As a result of the experimental and physical research, techniques for
calculation were determined for horizontal loading from a flat ice field
on cylindrical supports of different diameters in the range 1 <D/ h <
20, where D is support diameter and h is ice field thickness. It was
shown that when the ice field and support are frozen together (at D/h >
10) the ice load doubles.

Vertical loading on cylindrical supports from an ice field at low and
high tide has also been investigated and calculation techniques
developed. Similarly, calculation techniques for horizontal ice loading
on conical supports were determined from the research work.

A field study was conducted on hummock parameters and resultant loading
on cylindrical supports. The tests show that for hummocks of above water
height 3 to 4 times ice field thickness, the loading on the supports
increased 3 to 4 fold.

3.2 Wave Loading on Deep Water Jacket Structures

As a result of theoretical and experimental study of regular and
irregular (random) two dimensional wave action on deep water jacket
structures, numerical methods for evaluating dynamic behaviour have been
developed taking finite wave height into account. On the basis of the
numerical research, it was shown for the first time that statistical
characteristics of dynamic structure reaction and response do not, in
practice, depend on random wave spectrum type, but, in general, depend on
correlation between velocity and inertial wave load components,
flexibility of the structure and its length along the wave ray.
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depth up to 1.0m), equipped with three movable shield wavemakers for
production of regular waves.

- two short wave channels, both 1.4m deep, 1.2m x 26m and 1.7m X 29m,
in plan, respectively, equipped with wavemakers for production of
regular and irregular waves;

- large wave channel, 87m long, 2.5m deep and 1.7m wide, equipped with
shield wavemakers for production of both reqular and irregular

waves;
2.2 Soil/structure Interaction

For the study of soil interaction with structural piles and gravity
based offshore structure foundations under combined horizontal ard
vertical loading, two soil test boxes are available:

- three sectiocnal reinforced concrete (r—c) box, 5.8m x 7.6m with two

glass walls;

- two sectional r-c box 16m x 6.5m with two sections 4m and 3m deep

for work with water saturated soil.

The soils facility is equipped with a travelling crane and hydraulic
cylinders for creating static and dynamic loading conditions.

2.3 Ice Studies

For the study of the stress-deformation state of ice resistant
reinforced concrete offshore structures, and of r-c structural elements,
under varicus load conditions, the following facilities are available;

- refrigerating chamber 12m3 in volume with hydraulic power plant;

- thermal pressure vacuum chamber TPV-800 8m3 in volume (made in

GDR) ;
- thermal pressure vacuum chamber TPV-200 2m3 in volume (made in
GDR) ;

- thermal chamber TC-800 with 0.8m3 capacity.

For the study of flat ice field and hummock interaction with different
types of ice resistant structures a special ice basin, 7m x 3.5m x 1.0m
is being constructed with refrigeration facilities.

3. OVERVIEW OF SEIECTED RESEARCH PROJECTS

The main results of long term research on a number of important
problems are given below.
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comprises a two storey engineering building (1600m2), a one storey
laboratory building (5000m2), and an ice basin compressor facility
(500m?) . The laboratory employs nearly 70 gqualified scientists,

The laboratory carries out complex research in two main directions on
behalf of enterprises and research institutes of oil and gas industry
ministries. These directions are :

- development and definition of the characteristics of environmental
features (ice, waves, currents etc), and determination of the interaction
of these ervirommental forces with offshore structures, and their effect
on structures situated in both frozen and ice free waters;

- study of general stability and strength of different types of
offshore structures, and development of appropriate analytical
techniques.

The research work undertaken can irnvolve both theoretical methods,
(including mumerical techniques), and physical modelling, both at
laboratory and natural scale. Analytical techniques developed during the
research work have been put into practice at several different project
institutes for the prediction of the behaviour of offshore structures.

2. FACILITIES

The main installations available at the research centre are described
below in the context of the different research areas undertaken.

2.1 Wave Behaviour and Ioading

The wave facilities are used for a number of different research

applications, including:

- study of wave action on different offshore structure configurations
situated both in frozen and ice free seas;

- wave effect on installation of offshore structures;

- interaction of waves and ships;

- study of wave behaviour on port and harbour facilities;

- coastal wave behaviour.

The wave facilities available are:

- deep water concrete wave basin 45m in length, 12m wide with 2,5 and
4,5 variable depth. Basin is equipped with a shield wave maker for
the production of regular waves;

- shallow water concrete wave basin, 28m square and 1.4m deep (water
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THE MCET IABORATORY AS A CENIRE OF OFFSHORE OIL
AND GAS PRODUCING STRUCTURES RESEARCH

V.A. Lobanov Moscow Civil Engineering
Institute after V.V. Kuibyshev, USSR

P.W.J. Raven J P Kenny & Partners Ltd., United
Operations Manager Kingdom
ABSTRACT

This paper describes the main features of the MCEI research laboratory.
The activities of the laboratory in the area of research into oil and gas
producing offshore structures are presented. Experimental facilities,
installations and laboratory equipment are outlined, and some results of
recent research, using the facilities, are given. The MCEI research
centre provides a capability that is available for specialised testing
and investigation work into the behaviour of offshore structures subject
to envirommental forces. This capability is enhanced by the extensive
experience of the Soviet-British joint venture, Intershelf, formed
between J P Kenny, the international subsea engineering specialists, and
the Moscow Civil Engineering Institute together with the Industrial
Construction Bank of the USSR. Intershelf is currently the only
international joint venture operating in the Soviet Union with specific
scope for the development of offshore projects.

1. INTRODUCTTION

The oil and gas producing offshore structures (0S) laboratory was
established by the Moscow Civil Engineering Institute (MCEI) in 1964.
The laboratory, since formation, has become the largest centre of
research into offshore 0il and gas producing structures within the Public
Education State Committee system. The modern laboratory complex covers
an area of 10,000m? in Mytishi, not far from Moscow. The complex
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