Vest Process Propane Cavern Project, Norway

Fig 1: The rock cavern for propane storage.

To meet the increasing demands for propane storage volume at the Mongstad
reffinery plant, an additional underground rock cavern has been constructed.
MIKA AS, a Norwegian contractor specialised in underground projects, was
engaged by Statoil – the operator for Vest Process – to construct an
underground gas storage cavern. The cavern is located at Statoil Mongstad,
north of Bergen in Norway.
The Project
The civil contract was awarded MIKA AS in November 2001 and construction started
immediately in December 2001. The contract value is 80 mill NOK.
The Cavern/tunnelsystem
To enable storage of liquified propane in an unlined rock cavern, the propane has to be
stored at – 42o C. To prevent propane leaking out from the cavern, a water seal with ice
surrounding the cavern has to be built up.
To secure a ground water head larger than the gas pressure above the liquified propane, a
total of 4000 meters of guided boreheads have been drilled to establish a water injection
system above and around the cavern. The top of the cavern is situated 50 m below sea level.
The water injection system (water curtain) consists of a horisontal drilled system, drilled from
a chamber established besides the cavern, approx 20 m above the top of the cavern, and a
vertical drilled system established from the surface. The used boreholediameter is 4”.
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To establish an efficient freezing zone
surrounding the cavern, without ice building up
inside the cavern, and at the same time have
the water curtain system running, it is crusial to
minimize the amount of water leaking into the
cavern. The design criteria was set to 15 ltr per
min, as a total for the cavern.
To minimize construction costs, the cavern is
shaped like a laying bottle, and entrance to the
cavern through “the bottle neck”. During the
construction phase, access to the cavern is
through a 600 m long tunnel, constructed from
the suface down to below sealevel.
The cavern is sealed of with a concrete plug.
The plug will have the same requirements to
leakage as the cavern itself. The construction
and sealing of the concrete plug is therefor an
important technical challenge to be solved.
Propane is filled into the cavern from the
surface through vertical pipes brought down to
the cavern through 70 m long raise drilled
shafts. A total of 6 shafts were constructed to
bring gas and necessary utility and
instrumentation system into the cavern. The
access tunnel will be filled with water before
propane is filled into the cavern.
The propane can now be injected to a spray
system in the cavern.

Fig 2: The concrete plug

The working method
The excavation of the cavern was carried out in different stages, first the top heading, then
benches and invert. The final measurements of the rock cavern is a height of 34 meters, a
with of 21 meters and a total length of 134 meters. The ground mass comprised of light and
dark anorthosic gneiss, amphibolite and gabro.
A program was developed for
systematic pregrouting of all
excavation stages (top heading,
benches and invert). All grouting was
completed using Rheocem® 900
ultrafine cement with the
superplasticiser Rheobuild® 2000PF
at 1.5% by weight of cement. The w/c
of the grout varied between 0.8 to 1.0.
Stop pressure for the grouting
procedure could be up to 80 bars.
Fig 3: The pre-grouting operation
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The pre-grouting operation required approx 30,000 m of borehole drilling. The holes with
lengths from 13m to 21m were always planned and drawn in a special pattern to cover the
correct area around the cavern.
Grout consumptions was 410 tonnes of Rheocem® 900. Due to the fast setting
characteristics of the Rheocem 900 ultrafine cement, the construction cycle was not
interrupted as with standard microcements.
Measurements of the total ground water ingress after the excavation, showed a wateringress less than 2.0 l/min for the whole cavern.

The shafts
For technical installations and piping, 6 shafts with a diameter of 2,1 meters and length 70
meters length each, were raise drilled.
Some grouting had to be done in the 450 m of
vertical shafts passing (diameter 2.1 m). The shafts
have steel lining with annulus concrete. Some
water was trickling in the rock/concrete contact. To
stop the water at the bottom part, 400 kg of
MEYCO® MP355 1K polyurethane foam was used.
After this blockage was in place, a total of 500 l of
MEYCO® MP320 silica gel was injected. The
injection hoses in the steel/concrete contact were
also injected by MEYCO® MP320.

Fig 4: The shafts
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Time schedule
All blastings, sprayed concrete and injection works, "rock works" was completed in
November 2002. The cavern is completed for propan april/may 2003.

Freezing process:
To allow storage of propane in
liquid form, the gas has to be
stored at -42ºC. The freezing
sequence of the surrounding
rock is started by air circulation
and at the end by filling liquid
propane. To work efficiently,
gas storage caverns have to
avoid leakages to the
surroundings and water
ingress with ice build-up. It is
therefore crucial to tightly seal
the rock during all stages of
construction and operation.
This has been achieved by
systematic pre-excavation
grouting.
Fig 5: The freezing sequence inside the cavern

The freezing period by air circulation, allowed us to check out leakages and eventual
problems with “cracking”, rock before initiating propane to the cavern. Some ice will appear
during this period and will be removed manually for safety reasons, tells Site Manager Sven
Oen in a comment. When we reach the 0 gradient 3 meters into the rock, the air freezing
period is finished and the temperature inside the cavern is –27 o C.
MIKA has been responsible for detail engineering
and performance of the freezing process with
cooled air. Teknotherm AS, Oslo has participated
with engineering and has delivered the necessary
equipment to the freezing plant.
From the freezing plant installed close to the
access tunnel entrance, where ammonia is used as
refrigerant, a secondary medium consisting of 29 %
water calcium chloride (CaCI2) is pumped down to
the cavern through 6 “ pipes.
Fig 5.2 The freezing plant

The secondary circuit is cooled down in a wet surface evaporator, and pumped through
8 air coolers installed in the cavern.
Before the air coding period is finished, and the propane filling can commence the air,
comparative in the cavern shall be colder than –24oC and the 0-isotherm should nowhere be
closer to the cavern surface than 3 m and eventually ice build up in the surface removed.
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To seal off the cavern, the last point finally, the concrete plug will be closed, and the access
tunnel is filled with water.

Highlights:
Key technical description
•
•
•
•
•
•
•

Volume blasted
100 000 m3 including the access tunnels
ShotCrete
2 000 m3
Drilling for pregrouting
30 000 m
Grouting
410 ton microcement
Drilled shafts
420 m Ø2100 mm
Construction concrete
1600 m3
Guided drilling for a waterinjection system
4000 m

Who is MIKA?
MIKA is one of the leading contractors in hard rock tunnelling, cavern,
shafts, diving and marine work in the Nordic countries.
MIKA was established in 1988
Total amount of employees is 120
Annual turnover: 260 mill NOK 2003 (budjet)
MIKA AS are certified by Det Norske Veritas (DNV) in both NS-EN ISO
9001:2000 (QA/QC) and NS-EN ISO 14001:1996 (HSE)
The hard rock work is mainly located in Norway and Sweden, while the
subsea department is working internationally with project experience
from all over the world
Web site: www.mika.no
Contact persons:
Project Manager: Axel B. Olsen
Site Manager: Sven Oen
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