Tom Steinvoorte, ROSEN Group, the Netherlands, and Ulrich Schneider, KTN AS,
Norway, discuss techniques for the inspection of steel pipe casings in salt storage
caverns.

S

alt caverns are artificially created cavities in salt
formations below the ground surface. Often, they are
converted oil wells that are drilled until they reach the
salt formation. Water is then injected and dissolves
the rock salt, thereby creating a cave that may measure several
hundred thousand cubic meters or more.

The favourable mechanical properties of the salt,
combined with its inertness with respect to gaseous and
liquid hydrocarbons, make salt domes ideal storage facilities
for products such as compressed air, hydrogen, LPG, natural
gas and crude oil. Additionally, underground storage presents
considerable safety advantages over aboveground storage in
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Figure 1. A typical salt cavern.

facilities such as tanks and pressure vessels. For instance,
as no oxygen is available, the risk of inflammation and
explosion is practically non-existent. Furthermore,
underground storage is much less sensitive to acts of
aggression, such as terrorist attacks. This is of special
importance as many storage caverns are used as strategic
oil and gas reserves.
While the storage cavern itself poses relatively few
challenges in terms of integrity maintenance, the situation
is different for the associated piping. Like any other
metal structure, it is susceptible to corrosion, cracking
and deformation, any of which may eventually result
in leakage if not identified and mitigated at the right
time. Since leaking product may travel long distances
underground until eventually seeping through to the
surface, the only immediate indicator of a defect in
the pipe or casing is a drop in pressure, which may not
always be detectable, especially in the case of gaseous
substances. However, leaking product presents a serious
danger to people and the environment. As a consequence,
public pressure on operators and owners to ensure the
integrity of their assets is increasing.

The dangers of deterioration

Figure 2. The principle of tethered inspection equipment.

Figure 3. A riser tower for the testing of vertical inspections.
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Even though salt caverns are much less exposed to
external threats than other storage assets, the types
of damage mechanisms that production tubing and
casing can suffer from throughout their service lives are
manifold. In fact, they often work simultaneously, making
deterioration of cavern piping a complex and ever-varying
issue to deal with. Yet, depending on the nature and
the volume of the product stored, failure may lead not
only to product loss and a halt in operations, but also
to severe and long-term environmental contamination.
Therefore, pipe deterioration may ultimately entail
substantial direct and indirect costs. Consequently, it is
in the operators’ best interest to maintain the highest
possible level of asset integrity.
The leading damage mechanisms that affect cavern
pipes and casings are physicochemical phenomena (i.e.
internal and external corrosion), defective welding, and
axial load compromising the integrity of the casing,
specifically the threaded couplings that connect two
consecutive pipes. However, external mechanical impact
may also contribute to the creation of a breach. In one –
albeit exceptional – case, a former LPG storage well was
re-opened for natural gas storage. When the cast-iron
and cement plugs were drilled, objects that had been
dropped down the well during abandonment, together
with the drill bit, cut a slice into the casing. This created a
leak that almost a decade later would form several brine
and natural-gas geysers, some of which ignited, causing
the deaths of two people and a major inner-city fire.
Accidents like this have already triggered the discussion
and imposition of new sets of regulations, and a growing
demand to demonstrate asset integrity, including
enhanced integrity information, can be expected.

Going downhole: a challenge in its own way
A key concern when inspecting a casing is that the pipes are
situated vertically. A great risk is the possibility of the tool
dropping into the opening of the cavern. This is a danger as,
even though the tool is held by a tether, pulling it back into
the pipe would almost certainly do significant damage to
the sensors and mechanics. Additionally, it would potentially
cause the dissolution of a liquid batch, which is needed for
certain inspections, such as an ultrasonic measurement in a dry
gas atmosphere.
The propulsion of the inspection tool constitutes a second
challenge. Since there is no medium available to push the
tool forward, gravity is the propelling force of choice. This is
challenging because with high-friction technologies such as
MFL, the force of the magnets might actually be too strong
to be overcome by the tool’s mere weight, preventing it from
moving at all. Therefore, additional measures must be taken to
ensure the tool travels through the pipe as planned.
Finally, the pipe’s wall thickness is a factor that must be
accounted for. Cavern casings and tubes consist of shorter
pieces of pipe that are connected either by welds or by
threaded couplings. Since these connections must withstand
enormous tensile stress, they have to be of a certain strength,
leading to a considerable change of wall thickness.

New applications for well-known technologies
Traditionally, an inspection of the vertical pipes that connect
the surface with the underground cavern includes a caliper
measurement, cement bond logging (i.e. the search for cement
coating disbondment), temperature logging, and borehole
televiewers or borehole TV. However, none of these methods
provide information that is accurate, detailed and inclusive
enough to allow for extensive integrity assessments. Given
the increasing public interest and the resulting tightening of
regulations, new inspection methods that are able to produce
more accurate results and better coverage of the entire asset
are needed.
The following two case studies illustrate the extent to
which ILI-proven high-resolution inspection technologies
may benefit operators of salt storage caverns.

)) Time-of-flight (TOFD) for accurate, reliable crack depth

sizing (also for axial and circumferential cracks).
In addition, camera/video inspection and even repairs with
an internal grinding tool can be added to the tethered system.
Since the inspection in question was to take place in a
dry gas atmosphere, a tailored solution was required because
ultrasonic measurement can only be done in a suitable liquid.
The inspection tool was therefore equipped with special
sealing discs at the front so it could carry a small water batch,
ensuring that the sensors were submerged in water. Additional
UT transducers were installed at the end of the tool, which
signaled when too much water had leaked through the sealing
discs. In that case, more water could be poured from the
surface to increase the batch again. This configuration was
tested at KTN’s base in Bergen, Norway, with a replicated riser
tower, before it was put into action at the operator’s premises.
For the actual inspection run, the tool was lowered into
the casing by its own weight combined with the weight of
the water batch. The measurement was performed in the
downwards direction. In addition to the UT wall thickness
measurement system, the tool was equipped with a camera.
Therefore, a real-time video of the environment in front of
the tool was visible for the team in the control unit, as was the
UT data for the geometry and wall thickness measurements.
Two odometer wheels on the tool delivered highly accurate
information both on the distance traveled by the tool and the
lengths of the defects detected. Additionally, the traveling
distance was compared to the length of the cable that went
into the stuffing box mounted on the entrance flange. Finally,
the UT data was compared to the operator’s pipe/weld
book, since it showed all girth welds clearly. This meant that
the operator received highly accurate information about the
defects’ location in the casing.
Compared to the traditional tools used before, the KTN
tool showed a unique resolution for the measurement. With
160 sensors for a 10 in. casing and parallel measurements with
all sensors every 1.5 mm, the measurement grid was 5 mm by 1.5

Accuracy equals safety
An operator was concerned about small corrosion spots.
However, the traditional solution featuring a single rotating
UT transducer with a spread beam provided neither the
accuracy nor the coverage required to detect the corrosion.
Focused on the inspection of challenging pipelines such
as risers, loading lines or any other shorter pipelines with
difficult access, KTN, a company of the ROSEN Group,
specialises in the development and construction of selfpropelled, tethered, bi-directional tools. The detection
technologies used on these tools are mainly:
)) Ultrasonic pulse-echo vertical beam for wall thickness/
corrosion and geometry measurement.
)) Shear-wave angular beam for the detection of axial and

circumferential cracks.

Figure 4. Typical internal metal loss feature – C-scans of wall
thickness (top), stand-off (centre) and B-Scans of wall thickness
and stand-off (bottom).
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mm. This resulted in nearly 107 000 focused probes per metre
of pipe. With this configuration, KTN was able to detect pits
from an internal diameter (ID) of 8 mm and general metal loss
of only 0.4 mm in depth, with a measuring tolerance of ±0.4
mm. In addition, the internal geometry was mapped accurately
by using the standoff signal from the UT probes.
While it was already possible to perform an initial data
analysis during the inspection run, the final report provided
more detailed information on the casing’s state of integrity;
the inspection assured the operator that the pipe was in better
condition than expected, and that it could be operated safely
until the next scheduled inspection. The extreme measurement
accuracy even allowed for the discovery of corrosion that was
just starting. Thus, a precise calculation of the asset’s remaining
service life was possible.

A pipe is only as strong as its weakest link
Due to the possibly unstable environment, additional integrity
concerns are present in salt storage caverns, such as the cavern
ceiling sinking in. Even though salt is a solid, it behaves like an
extremely viscous fluid in the long term, meaning it ‘flows’.
Thus, cavities tend to close if the caves are deep (at least
1300 m) and the pressure is low. Therefore, a key concern for
operators of salt storage caverns is the axial load compromising
the integrity of their pipe casings, specifically that of threaded
couplings, which may open due to tensile stress. This issue
has not yet been addressed properly with traditional casing
inspection solutions.
An operator was concerned about the integrity of their
cavern pipe, and approached the ROSEN Group for a solution.
The specific request initially was to measure the opening width

Figure 5. MFL data evaluation: coupling closed.

Figure 6. MFL data evaluation: opening width of coupling 15 mm.
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of its threaded couplings. Additionally, a defect indication
from a caliper tool run at a later time raised further integrity
concerns.
Threaded couplings are characterised by a high wall
thickness. Since MFL (magnetic flux leakage) is sensitive to
wall thickness changes, this technology was selected for an
inspection run. Pull-testing confirmed that MFL was indeed
well-suited to accurately measure the opening width of
threaded couplings.
After the measurement technology had been proven,
trials were performed to validate and optimise the inspection
method. For the actual inspection, the MFL tool was
connected to a wireline, and a weight was added to ensure the
tool moved down as MFL causes high friction, which prevents
the tool’s propulsion by gravity alone. The magnetiser was set
up bi-directionally and optimised so as to enable the tool’s
smooth passage, even when passing welds and ID step changes.
The wireline operation was performed with a technically
advanced wireline truck that allowed for detailed monitoring
during operations, in order to identify possible obstacles and
otherwise ensure the run would go as planned.
Even during the inspection, the benefit of MFL’s highresolution corrosion measurement capabilities became evident;
a fast-track evaluation demonstrated that the defect previously
detected by the caliper tool was not significant. Furthermore,
the inspection indicated nothing of concern in regard to the
condition of the threaded couplings. This led to the conclusion
that the line was fit for purpose, avoiding unnecessary
additional downtime and cost.

Addressing the hidden threat
Even though salt storage caverns are relatively unsusceptible
to breaches, incidents do occur. Moreover, their carbon
footprint may be even larger than that of some of the oil
and gas industry’s most infamous incidents. This is mainly
due to the fact that it may take several years until they are
even discovered – often by mere chance, because a farmer
stepped out one day to find their crops covered in oil. It
is exactly this aspect of hidden danger that causes public
concern, and needs to be addressed progressively with
appropriate integrity measures.
If a breach occurs in the steel casing of a well pipe, it is
in most cases due to corrosion, poor condition of the seam
welds or threaded connections, or excessive deformation
of the rock formation. In many cases, traditional well
inspection methods are not able to deliver results that are
precise and comprehensive enough to make an accurate
statement on the asset’s current condition, let alone
assess risk and remaining life. The application of proven ILI
technology and expert integrity consultancy based on highquality inspection data may assist operators in complying
with the public’s demand for safety measures, while
keeping mitigation costs to a minimum.

