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Railway structures are at risk from stray current
interference inducing accelerated corrosion. Stray
currents may arise from the proximity of unbonded

structures to cathodic protection systems, leak-

age from overhead lines or from associated
electrical facilities, such as signalling. If

unchecked, the effects can be devastating.

They can also be managed through efficient

design and management methods.

Here, James A. Phipps, Paul Lambert, Mott

N\

MacDonald Ltd, and Graeme Jones, C-Probe
Technologies Ltd, recount two instances where
novel approaches mixed with knowledgeable
management procedures provided solutions
and information to give peace of mind to
important structural assets.

" herever  buried
& metallic structures
are situated near
electrical sources,
such as DC trac-
tion systems and cathodic protection
systems, stray currents from non-
insulated items may flow to and from
these metallic structures.

The upshot of this is that current
can enter the ground from the
source, pass into the isolated metal-
lic structure causing no apparent
detrimental effect in the vicinity of
the leak. However, if the ground
resistance permits, this leakage cur-
rent can travel for many metres or
kilometres, along for example
pipelines, before leaving the struc-
ture with localised and dramatic fail-
ure of the metal due to accelerated
corrosion.

|dentification of the after effects
can be extremely difficult especially if,
as is normally the case, it is a long
pipeline.

In corrosion terms, current enters
the metallic structure as a cathode
(sustaining the oxygen reduction or
hydrogen evolution reaction, depend-
ing on the prevailing environmental

conditions) and leaves an anode
behind (causing metal loss) in
search of a return to earth.

Bonding-in isolated steel to the
protected structure (in the case of
cathodic protection) or designing
efficient return paths for the trac-
tion and catenary systems will pre-
vent such effects. But, how do we
check this efficiency of design has
been achieved and how do we miti-
gate if the design has unforeseen
complications!

The following cases document
two approaches taken by Mott
MacDonald Materials and Corrosion
Engineering in conjunction with spe-
cialist companies, such as C-Probe
Technologies Ltd, experienced in
tackling specific corrosion issues.

Channel Tunnel
reinforced earth
structures

These reinforced earth structures
were constructed between 1988 and
1990 to carry trains into and out of
the Folkestone Terminus of the
Channel Tunnel. Three walls were
designated for monitoring possible
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effects of current leakage from the
overhead lines. These were the
Brickpit structure as well as the
North and South Fanwalls. The ele-
ments at risk are the galvanised steel
straps supporting the concrete seg-
ments. There are three straps per
segment supported in tension and
extending to around 30 m into the
sand/soil infill. The area under maxi-
mum strain is believed to be the first
| to 2 m from the fixing point of the
segment.

Although failures have been
known to occur, they are very rare,
with the failure mode as predicted in
classical corrosion theory to be at the
point of most stress.

Two risks are perceived:

® General corrosion arising from
environmental conditions espe-
cially if chloride (or sulfate) levels
are high.

® Stray current corrosion induced
from the overhead lines.




It should be emphasised that an isolating barrier from the
overhead lines exists within the construction in the form
of a waterproof membrane system and that all straps are
below this insulating level. Any pick-up from stray current
would, therefore, be associated with defects in the insu-
lating membrane, perhaps, occurring during construction
or arising from any degradation of the membrane with
time.

Moreover, careful consideration was given to earthing
and the return paths for track current within the electri-
cal designs.

Nevertheless, a buried early detection corrosion mon-
itoring system (designed, supplied, installed and commis-
sioned by MCT- Materials and Corrosion Technology Ltd.
and superceded by C-Probe Technologies Ltd.) was
installed along the reinforced earth structures at various
depths to provide comfort that no significant interference
was being experienced.

All monitoring probes were located at the most vulner-
able section some |.5 m from the segmental fixings and at
varying depths from close to the insulating membrane near
the bottom of the reinforced earth walls.

The probes were manufactured to provide a three elec-
trode assembly to allow both corrosion potential and cor-
rosion current (rate) to be assessed. The probes have now
been operating successfully for over ten years.

The monitoring locations were installed to allow assess-
ment of all three straps in the designated segment. In total,
28 locations were installed for the Brickpit structure, |7
locations for the North Fanwall and seven for the South
Fanwall. This represents a monitoring location approxi-
mately every 20 linear metre length of wall.

The monitoring principle was to cross compare any
effects along the length of the wall as well as between points
to establish any trends in corrosion effect to the location
along the wall where they may be more prevalent. All loca-
tions were installed during the construction phase and
completed in 1990.

C-Probe Technologies Ltd has undertaken monitoring
on manual site visits in 1990, 1992, 1994 and 199/.
Example data is shown in graphical form demonstrating
the measurements taken with respect to corrosion
potential and corrosion current (rate) for the monitoring
visit performed in [994.

Data is, moreover, shown taken in the same visit
which demonstrates the effects of measured corrosion
potential during the passage of trains along the reinforced
earth structure.

Monitoring methods have certainly been sophisticated
(possibly radical) for this type of structure, but have been
made possible by the choice of the sensor (a three elec-
trode sensor assembly). This allows both two and three
electrode AC and DC electrochemical evaluations to be
undertaken. At various intervals, techniques investigated
have involved:

® Background and evolving corrosion potential mea-
surements.

Linear polarisation resistance method.

Faradaic dynamic harmonic analysis.

Direct capture of corrosion activity as trains pass.
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From top:
Tees-Wiske pipeline data.

Corrosion currents from LPRM - Brickpit wall.

Free corrosion potentials - Brickpit wall.
Free corrosion potential monitoring
on the Brickpit wall, Folkstone Terminal.
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Detail ‘A’ -

CABLES ROUTEDTO
MEASUREMENT BOX ~

PROBE LOCATED WITH
PLASTIC TIETO UNDERSIDE
OF EARTH STRAP

Although the data and trending are
confidential, examples of typical data
are presented for the reader to con-
sider.

To date, the structures have per-
formed well and assessment is ongo-
ing within the confines of manua
assessment. Upgrade to remote anc
automated monitoring is a consider-
ation with alarming of events a logi-
cal progression. It is stressed, how-
ever, that to date no serious ‘event’
has taken place.

Tees-Wiske Pipeline
The Tees-Wiske transfer pipeline was
designed and installed in 1995 - 1996
to allow raw water conveyance
between the Tyne/Tees and the Ouse
River systems. This scheme was insti-
gated to enhance water abstraction
to the latter under a drought relief
Initiative.

The pipeline is a 12 km, 1.4 m
diameter welded construction with
an internal lining and high integrity
coating. In order to maintain the
integrity of the line,an impressed cur-
rent cathodic protection system was
installed, with the associated ground
bed and transformer-rectifier (TR)
located at the northern most end of
the line.

Due to topographical
restraints, the pipeline course runs
close to Railtrack’s East Coast
Main Line (ECML) for a significant
bortion of the route and crosses a
number of minor watercourses and
roads.

Following installation of the
cathodic protection (CP), it was nec-

corrosion
measurement
arrangement.

essary to carry out interaction test-
ing with the numerous track sig-
nalling systems on the ECML to
ensure that no adverse stray cur-
rents or potential gradients were
present.

By switching the Tees-Wiske
cathodic protection (operating at full
output), it was determined that a low
evel of interaction was present with-
in the confines of the track circuitry,
sufficient to cause some concern. As
such further CP commissioning was
aborted until the residual voltages
within the track circuitry could be
reduced.

Following trackside remedial
work, the commissioning of the Tees-
Wiske CP system was authorised.
As part of the commissioning proce-
dure, the natural electrical potential
profile of the pipeline was deter-
mined by an over the line survey, a
baseline survey.

The natural corrosion potential
of steel (Fe/Fe,”) in the ground on
a copper sulfate electrode (CSE)
scale is measured between —-500
mV to —700 mV, with CP subse-
quently achieved at potentials
more negative than -850 mV
(CSE).

As can be seen from the data, nor-
mal CP criteria are achieved, albeit
erratically, over the majority of the
line, without the system having been
energised.

However, this survey revealed
quite startling effects, with the natur-
al potential of the line varying in the
range of —0.8 V to —3.0 V (as mea-
sured on the CSE scale).
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The initial consideration of the
cause of such potentials was that a
stray current was entering the line
from the current return circuit on the
ECMIe Further investigations
revealed that whilst DC potentials of
up to ~-3V were being experienced,
an AC potential profile which peaked
at ~-25 to —30V (CSE) was also pre-
sent on the line.

The cause of the interaction was
adjudged to be electromagnetic
induction from the overhead current
return  conductors. Coated
pipelines traversing beneath over-
head wires do not normally experi-
ence an effect of such magnitude, but
the longitudinal nature of the line
has provided an cumulative effect,
leading to the observations of AC
pickup.

Despite the fact that the TR was
not energised, the circuit through
this TR and ground bed was still
closed, allowing the AC to be half
wave rectified, with the ground bed
subsequently passing a DC compo-
nent, and hence inadvertent CP to
the pipeline.

An additional complication to
the assessment revealed that the
presence of trains on the circuit
led to the erratic nature of the
interaction. This was due to fluctu-
ations and imbalance of current
flowing in the overhead circuits as
the trains changed
moved from one section of track
to the next.

Potential monitoring of the Tees-
Wiske pipeline eventually allowed
train movements to be predicted

speed and

J



with some accuracy, even prior to sightings. An interest-
ing observation of this effect showed that certain train
movements could not be detected through potential
monitoring. However, such vehicles were diesel powered,
not electric!

To overcome these effects, it was necessary either to
remove or to control this interaction, such that formal
CP could be applied to the pipeline without the exces-
sive potentials that may lead to coating damage in the
future.

Corrosion of the pipeline was not a concern, as the
current discharge was occurring at the ground bed.
However, the high negative potentials were a cause of
concern as they could lead to damage of the coating and
could shorten its life. Three approaches were consid-
ered:

® Current earthing.
® AC current filtering.
® A polarisation cell.

Although earthing of the currents is possible through the
use of anodes installed at selective locations along the
line, this approach was considered a last resort. The lat-
ter two, polarisation cell and AC filtering were trialled on
site.

The polarisation cell was introduced across the insu-
lating flange, that is, between the protected pipeline and
the pump station earthed pipework. No noticeable
effects were reportable.

The AC filter, in the form of a ‘capacitor bundle’ devel-
oped by Dynamics (Bristol) Ltd., was installed across the
DC output of the TR, that is, between the protected
pipeline and the ground bed, and following observation of
potentials with the electric train movements. The effects
of interaction were reduced significantly and to accept-
able levels.

With the interaction under control, it was then pos-
sible to superimpose the formal CP system, and thus
bring the line potential into a reasonably steady profile
of ca. —1.3V (CSE) — below the standard -850 mV cri-
terion.

The CP system has now been formally commissioned
with further monitoring visits scheduled to ensure ade-
quate and controlled protection is achieved.

Conclusion

Both of these projects show how corrosion monitoring,
both in survey and permanent system forms, can assist the
engineer in assessing the presence of stray current as well
as mitigating its effects.

The objective is always to prevent such stray cur-
rents causing harmful and possibly catastrophic corro-
sion failure.
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