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Summary

Discharges to air and sea are inevitable during precommissioning and commissioning of
long subsea pipelines. Large quantities of water is pumped through the pipeline during these
operations. This water is normally treated with corrosion inhibiting chemicals to minimise
internal corrosion of the pipeline. Chemicals like methanol or glycol may be used to prevent
hydrate formation, and will normally be discharged to sea during commissioning. Flaring or
venting of large quantities of gas has been accepted practice during pipeline drying for many
years.

In order to minimise the environmental impact of these operations, while maintaining
corrosion protection, Statoil has been working for several years along three main routes. 1)
to develop concepts and methods that minimises the discharged volumes. 2) Using the most
environmentally friendly chemicals available, and 3) monitoring and identifying the effects of
discharges to various marine species.

Statoil has through the successful completion of projects like Zeepipe (1993), Europipe
(1995) and Haltenpipe (1996) developed new and unique concepts that have reduced the
total discharges significantly compared to earlier projects. Reduced use of chemicals and
new types of chemicals have been proved feasible through extensive testing in small scale
before being used on the larger projects. Water sampling during the actual discharges have
confirmed the laboratory tests.

The Norwegian State Pollution Control Authorities (SFT) has until now not allowed
pipeline discharges in the period mid May to mid August due to the anticipated high level of
biological activity during this period. All testing and field operations have revealed very
limited and short term effects to the marine ecosystem caused by the residues from linefill
chemicals. A review of public available data has shown that the spawning activity during
these months is not particularly high in the North Sea. We thus believe that future
discharges of water, correctly treated with chemicals, should be possible without a general
seasonal restriction, giving more schedule flexibility to the new projects.
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Introduction aJ1^

The oil and gas industry is facing an increased focus on environmental issues during
performance of all its activity. Statoil has recognised the competitive advantages of having
detailed knowledge in this area, and care for the environment has been a central part of
Statoil's philosophy during the 1990's. This also applies to the large pipeline systems that is
being constructed by Statoil to supply Norwegian gas to continental Europe. This paper
will address the environmental aspects of precommissioning and commissioning of these
pipelines. ft Q — *$ g|
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Background

Following installation of a pipeline, international codes and authorities require that a
hydrostatic test shall be performed in order to prove the strength and leak tightness of the
system. This test is normally a part of the precommissioning activities which also includes
flooding, cleaning and gauging. Cleaning and gauging is required to remove any
construction debris, and to confirm the internal diameter of the system. This is achieved by
running pigs through the pipeline propelled by water. The hydrostatic test is then performed
by pressurising the pipeline by adding further water to a pressure of typical 25% above
maximum operating pressure.

Flooding of an offshore pipeline may also be required for the purpose of increased stability
or pressure equalisation prior to subsea tie-ins. Flooding and interim pressure testing of
pipeline sections are also historically used as a contractual acceptance of the installation
contractors work.

For large pipeline systems, the construction schedule normally requires chemical treatment
of the linefill water in order to prevent internal corrosion. There are basically two types of
corrosion to consider; the corrosion caused by free oxygen in the water, and corrosion
caused by H^S. The first type occurs rapidly, is relatively harmless and is well understood.
The second type starts to develop after 60-90 days as a result of anaerobic bacteria growth
and is much more serious and complex by nature.

Normally a mixture of chemicals will be required in order to achieve the necessary corrosion
protection. Optimum dosage and combination of chemicals is dependent of the water
quality, the linepipe material, temperature and expected exposure time. Traditionally, a
'cocktail' would comprise film forming corrosion inhibitor, oxygen scavenger, biocide, dye,
plus other additives as catalysts or various agents to prevent unfavourable reactions
between the individual chemicals. Selection of chemicals is a difficult task, traditionally in
the hands of the chemicals suppliers, with less detailed knowledge among pipeline operators
and testing contractors.

After testing and prior to commissioning, the linefill water has to be discharged. Depending
on the type of chemical treatment, this water may be harmful to the local environment at the
discharge location.

During pipeline commissioning, discharges to sea of hydrate prevention chemicals like
methanol or glycol is also quite common. Also flaring or venting of large quantities of gas
has been accepted practice during pipeline drying for many years.

The challenge

The Norwegian State Pollution Control Authority (SFT) has up till now not allowed
discharge of chemically treated water from pipelines in the period between mid May to mid
August, due to anticipated high level of sensitive fish egg and larvae during this period.
Obviously, this constraint limits the schedule flexibility for pipeline projects. For gas pipeline



projects where contractual start of deliveries is October 1, the discharge constraint limits the
possibility to perform pipeline installation and precommissioning/commissioning activities
the same year. This in turn may bring installation and thus investments one year forward,
compared to an ideal schedule.

The challenge for Statoil was then to develop cost effective concepts for precommissioning
and commissioning of pipelines, with minimum environmental impact and without any
discharge constraints.

5 Programme

The challenge was met through the following programme:

1. Selecting the most environmentally friendly chemical concept.

2. Establishing the effect on marine species when exposed to relevant chemicals.

3. Developing concepts and methods that reduces the total discharged volumes.

4. Developing new methods for water treatment.

5. Developing new methods for pipeline drying.

The above steps were pursued by a combination of project specific activities and theoretical
studies, verified by laboratory tests and later during large scale testing and actual field
operations.

5.1 Selecting the most environmentally friendly chemical concept

Planning the precommissioning and commissioning of the Zeepipe phase I pipeline (ref/I/,
121} took place in a period with increased focus on eco-toxicological properties of chemicals
used in the oil and gas industry. At this time Statoil's experience with relevant chemicals
was related to Statpipe (1985), where oxygen scavenger, biocide, corrosion inhibitor and
dye were used for water treatment during precommissioning of the pipelines.

Questions were raised on the number and type of chemicals used. This was the first step in
the search for optimising the chemical concept in respect of environmental hazard.

A large field experiment was performed. 12 meter long pipe joints were filled with
chemically treated sea water and left at the sea floor for up to 18 months, simulating the
actual situation during pipelaying and precommissioning.

The experiment concluded that the relative toxic film forming corrosion inhibitor only
provided marginal corrosion protection for this pipeline application, and could therefore be
excluded in future projects. Also dye used to visually detect possible leaks during hydrotest
was excluded, given the un-likelyhood of leaks in an all welded pipeline system.

The overall conclusion was that oxygen scavenger and biocide gave the necessary
protection. In these experiments the biocide used was biguanide. As biguanide is not easily



biodegradable and is partial bio accumulating, it was further searched for alternative
biocides. Laboratory experiments showed that glutaraldehyde provided acceptable results
regarding elimination of sulphur-reducing bacteria, and as this chemical is classified as
biodegradable and is not bioaccumulating, it was chosen as biocide. The oxygen scavenger
used, and still being used is sodium bisulphite, a chemical that is harmless to the
environment in normal residual concentration when discharged, due to oxidation to
sulphate.

5.2 Effect on marine life

During the precommissioning of Zeepipe I, where only glutaraldehyde and sodium
bisulphite were used, a comprehensive offshore discharge monitoring programme was
carried out by the Norwegian Institute for Water Research (NIVA). Chemical analysis of
water samples, both close to the discharge plume and further downstream the main current
directions, did not reveal concentrations above the detection limit (0.1-0.2 ppm) neither for
residual glutaraldehyde nor for sodium bisulphite. Plankton samples were evaluated, but no
significant harm from the chemicals was identified. Additional screening tox-tests were
carried out for the algae Skeletonema, and a minor growth reduction was experienced in a
few samples 100-200 meter downstream the discharge point. The overall conclusion was
that possible effects were restricted to an area less than 0.1 km2, and that the biological
effect on the ecosystem in this area was regarded as minor.

Another issue regarding discharge of chemically treated water was a possible long term
effect on fish egg and larvae. As this question could not be answered by the discharge
monitoring programme, a laboratory experiment was initiated to investigate the detailed
effect of the residual amount of glutaraldehyde and sodium bisulphite on fish egg and larvae.

In these experiments egg and newly hatched larvae from cod were exposed for different
concentrations of simulated pipeline water containing residual amounts of glutaraldehyde
and sodium bisulphite. During pipeline precommissioning the initial injected concentration
of effective chemicals is in the range of 50-75 ppm (by weight) for glutaraldehyde and
80-90 ppm (by weight) for bisulphite. When discharged typical residual concentrations are
15-25 ppm and 5-15 ppm for glutaraldehyde and bisulphite respectively.

From experiments with fish farming using the effluent cooling water from the gas terminal
at Karst0, it was known that fish egg and larvae are not negatively affected by the relevant
residual levels of bisulphite. From this conclusion, the further tests were focused on finding
the possible adverse effects of residues of glutaraldehyde.

The experiments showed that cod eggs exposed for a mixture of up to 25 % of chemically
treated water in untreated sea water (equals residual levels of 4-7 ppm of glutaraldehyde
and 1.5-4 ppm bisulphite) for 48 hours and then gradually dilution, had no effect on survival
and development of the eggs.

For cod larvae, which are more sensitive, the upper limit giving no effect was 2.5 % of
chemically treated water in untreated sea water.



As the exposure time in these experiments far exceeds what will be experienced in a real
situation, the figures can be regarded as conservative.

Modelling of typical discharges from precommissioning operations showed that a dilution
down to 2.5 % of initial concentration normally is achieved at a distance of 200-300 meters
downstream the discharge point.

When looking at the main spawning and hatching periods in the North Sea, it seems that the
established banned period from mid May to mid August does not provide the intended
protection to all the species. Figure 1 shows that the spawning season is spread much wider
and varies by species to a large extent. This applies to the central North Sea, and there will
be different situation in other areas.

Based on the experiments, the discharge modelling, and the knowledge of spawning season
for important fish species, we have concluded that the potential risk to marine resources
caused by residual levels of glutaraldehyde from typical commissioning operations is
insignificant.

5.3 Concepts and methods that reduces the total discharged volumes.

By simply deleting the contractual intermediate acceptance testing normally performed by
the pipe lay contractor, at least one pipeline volume of water discharge would be eliminated,
saving the environment and giving schedule and budget savings to the project. Also if initial
flooding, tie-in and precommissioning could be performed sequentially, and within a short
period, this would remove the need for corrosion protection by using chemicals in the linefill
water.

Another approach is to minimise the number of linefills during precommissioning, by
combining pigging operations.

During the Europipe Project /3/ (620 km 40" from the central North sea to Germany),
another challenge was present, as the only discharge and supply point for water was at the
offshore platform. On this project, all precommissioning pigging was performed from
onshore using compressed air as propellant. This concept also reduced the number of
discharges compared to conventional pigging with water.

Figure 2 gives a summary of discharges for various pipeline projects in the period
1985-1996.

5.4 New methods for water treatment

The total discharges and relative usage of chemicals used during precommissioning and
commissioning were reduced both for Zeepipe I and for Europipe compared to earlier
projects and established practice. However, Statoil continued to search for alternative
chemicals, and the lowest possible concentrations as additional arguments for eliminating
the banned period and to meet our environmental goals. In this process several new
concepts were evaluated.



5.4.1 Chlorination/dechlorination

Technically it was concluded feasible to kill the bacteria by first chlorinating the water, and
then de-chlorinate before it is injected into the pipeline. The corrosive free residual chlorine
could be transformed to inactive chloride by adding sodium bisulphite, giving only harmless
residual products. This has been proven by Statoil during fish farming experiments in
chlorinated cooling water at Karst0. The method was thoroughly discussed, but rejected as
the requirements for temporary equipment and available space could not be easily met
during offshore operations.

5.4.2 Chemical usage

Based on Statoil's knowledge regarding chemical treatment and the schedule for future
pipeline projects, a number of questions were asked regarding corrosion:

• what is the maximum exposure time for untreated sea water in a pipeline?

• what is the maximum exposure time for sea water only treated with oxygen
scavenger?

• can alternative, harmless bacteria be promoted to outnumber the SRB ?

• is there any alternative to biocides to control development of SRB ?

A laboratory experiment was established, where metal coupons from real pipes were
exposed to different chemicals in glass bottles. The size of the coupons related to the
amount of water was in the same proportion as for a water filled pipeline as was the ratio
between coated and un-coated steel. The sea water used had a quality similar to offshore
North Sea water.

The different experiments were evaluated for corrosion (% weight loss) and development of
SRB (Sulphur Reducing Bacteria). The test period was up to 18 months, simulating
maximum exposure time for a pipeline system.

The following methods of water treatment were tested:

1. no chemicals added

2. only oxygen scavenger (sodium bisulphite)

3. oxygen scavenger (sodium bisulphite) and biocide (glutaraldehyde)

4. increased nitrogen level (to promote growth of harmless bacteria in stead of SRB)

5. increased pH and oxygen scavenger

5.4.2.1 No chemicals added

If no chemicals are added to the sea water, an unpredictable and uncertain development of
corrosion will take place. For this reason, raw sea water with no chemicals is not normally



recommended. However, if the first flooding of the pipeline is done by "free flooding",
controlled injection of chemicals is difficult. In these cases, given the pipeline is flooded
with offshore North Sea water, this can be done without chemicals if the first water is
exchanged with treated water within a period of 30 days.

5.4.2.2 Only oxygen scavenger

This method is useful for short-time operations, and/or if one have to plan for a discharge in
the banned period as the residual concentration of bisulphite in the discharged water has no
negative effect on the marine ecosystem. When the oxygen scavenger sodium bisulphite was
added in normal concentration (80-90 ppm effective bisulphite) an uncontrolled growth of
SRB started after 60-70 days. However, if the pipeline is refilled after a period of 60 days of
water with only scavenger, the new water should be treated with a bactericide in order to
stop any further development of SRB. Figure 3 shows the red-ox potential for various
treatments. Note that SRB can only develop when the redox-potential is below
approximately -100 mV.

5.4.2.3 Oxygen scavenger and biocide

The tests showed that bisulphite and glutaraldehyde at concentrations of 80-90 ppm and 50
ppm respectively gives protection against corrosion for storage periods up to 12 months,
when offshore North Sea water is used. For periods above 12 months, or if coastal water
with higher organic content is used, the amount of glutaraldehyde should be increased, as
too low concentrations has an adverse effect of acting as a nutrient for SRB's.

There are some disadvantages using these chemicals. The Norwegian Authorities are still
restrictive regarding discharge of residual glutaraldehyde in major fish spawning areas at
certain time of the year.

Another disadvantage is that an inter-chemical reaction occurs between the two chemicals
that reduces the overall effect. To avoid this effect, a time delay should be established
between injection of the two, oxygen scavenger and the biocide. The longer delay the
better, but typically 2 minutes is required. This delay requires large residence volumes which
is complicated and costly to achieve, particularly when the pipeline is flooded from an
offshore installation.

An additional disadvantage when using sodium bisulphite as scavenger, is the relatively high
freezing point, relevant with operations carried out during wintertime.

5.4.2.4 Increased nitrogen level

Na-nitrate and Na-acetate were added to the sea water, in an attempt to promote growth of
harmless, nitrate reducing bacteria which could outnumber the SRB's. This experiments



were closed after a few months, as the method was very sensitive to test parameters like
water quality, and the results generally were inconclusive.

5.4.2.5 Increased pH and oxygen scavenger

It is a well known phenomena that increased pH of sea water (pH above 10), is an efficient
way to prevent microbiological corrosion. The advantage is that discharges during pipeline
precommissioning are harmless to the environment, and that discharges can be carried out
throughout the year. The disadvantage is the formation and precipitation of salts, mainly
calcium and magnesium, from the sea water and the possible consequences during
subsequent pigging operations.

Both experiments in test bottles and later in larger scale, using real pipes, have been very
successful regarding prevention of corrosion. Based on these results it was decided to use
this method during precommissioning of Haltenpipe (250 km 16") late 1996. The results
and experience so far has been encouraging. Analysis of a large number of water samples
are currently ongoing, and a decision regarding continued use of this method for future
pipelines will be taken during the first months of 1997.

Figure 4 shows corrosion rates as function of time for the pH method, the standard
treatment with biocide/oxygen scavenger, and just with oxygen scavenger added.

5.4.3 UV treatment

Use of UV treatment for disinfecting water is a well established method in other areas. This
methods was considered for our use, but was rejected due to the complexity of equipment
and cost for a temporary application.

5.5 New methods for pipeline drying

Traditionally, pipelines have been dried by gas purging or vacuum drying. Both methods
being unattractive for the large pipelines in question, due to environmental issues and
schedule consequences. For Zeepipe /1/2/, a unique new concept was developed using high
pressure drying. Following dewatering using hydrocarbon gas as propellant, the pipeline
was put directly into operation. The initial gas deliveries was routed through a temporary
drying unit at the delivery point in order to meet the gas specifications. This method made it
possible to deliver gas at least three months earlier than original plan, while flaring of large
volumes (+ 100 Msm3) of drying gas was avoided. The commercial value of this consept
was several times the investment in the temporary drying unit.

For Europipe 111 with a different set of constraints, a method of low pressure dry air
purging was applied, for the first time in such a large pipeline system. Purpose built
temporary compressor units were installed at the onshore end, first used to propel the
dewatering train though the pipeline and then to continue blowing dry air through the line
until acceptable dryness was achieved. The overall environmental impact by this operation



was very favourable compared to venting/flaring of drying gas. The low pressure air drying
has later also been used for other main pipelines with good results.

Conclusions

The discharges to air and sea during precommissioning and commissioning of pipelines have
been substantially reduced during the later projects compared to earlier projects, by
eliminating, combining and optimising testing activities.

Satisfactory corrosion protection can be achieved by using oxygen scavenger (sodium
bisulphite) and biocide (glutaraldehyde) only. A new, promising method of using increased
pH of sea water has been successfully tested on the Haltenpipe project, and will be
evaluated for use during future pipelines.

Laboratory tests and field monitoring have proved that the environmental impact of
discharges of chemically treated water from pipelines are negligible, providing that the right
chemicals are used correctly. Also, the periods of peak biological activities are more area
specific than earlier anticipated. Based on this, the current general discharge restriction
period from mid May to mid August in the central North Sea should be removed.

New methods for pipeline drying has been successfully implemented, eliminating flaring of
large quantities of gas and establishing new paradigms for pipeline commissioning.

These achievements are founded on knowledge gained through a systematic development
programme over several years, on organisational continuity, and based on Statoil's
environmental protection philosophy. By implementing this knowledge as it became
available, pipeline projects have had significant environmental, capital and schedule savings.
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Spawning periods for important commercial fish species in the North Sea

Species JAN FEB I fvWR I APR MAY JUN I JUL I AUG SEP OCT NOV DEC

*) Northern spawning areas, along the west coast of Scotland
**) Spawning areas in the middle zone along the coast of England
***) Spawning areas south in the North Sea, towards the English Chanal.

Figure 1. Spawning periods
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Figure 2. Total discharges for pipeline projects
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