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Range of conditions to be
expected

— Level #1 As-New Condition

— Level #2 On-Set of loss of galvanizing — 80% Zn
remaining

— Level #3 Some exposure of the steel core wire —
— Loss of aluminum possible in damp environment
— No loss of steel mass
— Level #4 Most of the galvanizing lost — 20%
— All Galvanizing lost — 0% Zn remaining
— Loss of steel mass possible
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ACSR Corrosion Process

The steel core of ACSR conductor loses galvanizing from the surface of the individual strands in a reasonably consistent manner.  It should be noted however that the original galvanized steel wire that was produced by the hot dip method and would ultimately become the core bundle of an ACSR conductor, can and will have varying amounts of zinc per unit area.  As a new conductor is exposed to its environment it starts to lose galvanizing.  ACSR conductor at this stage of life has at least 80% of the original volume of galvanizing remaining on the core bundle.  After the conductor has been in service for some time – about its mid life – it will still have about 50% of the galvanizing remaining on the core bundle.  In this condition there should be no exposure of the underlying steel wire and therefore no prospect for electrolytic corrosion.
�As the loss of galvanizing continues below the 50% level, exposure of the underlying steel on some areas on the steel core should be expected.  If there is no prospect for electrolytic corrosion, the conductor will still have a long service life.  If electrolytic corrosion is a possibility then the conductor would need to be monitored more closely.��With 20% of the original galvanizing remaining, the steel core bundle is just starting to lose some mass and electrolytic corrosion is a distinct possibility in wet climates.�It is suggested that the conductor be considered at the end of its service life for engineering and planning purposes.
�Once all of the galvanizing has been corroded from the steel core bundle, a significant amount of steel mass has been lost and the ACSR conductor has exceeded is useful service life.
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Steel Core Corrosion – 20% Galvanizing Remaining

The previous slide described a corrosion rating system that can be used to evaluate aging conductor.  It is important to note the condition of the steel core bundle once it reaches the grade #4 region.  Slide #3 illustrates the condition of a typical seven (7) wire steel core bundle as it reaches the top of the grade #4 level.  At the top of the grade #4 level the steel core bundle would still have about 20% of the volume of galvanizing that had been present when it was initially installed.  This slide shows that the galvanizing that remains is restricted to the inner surface of the outer six (6) steel strands.  The center strand may still be fully galvanized.  The exposed surface of the outer six (6) strands will have no galvanizing and will have corrosion pitting over the entire exposed surface.  The loss of steel cross section will be minimal and the loss of tensile strength will also be minimal.  The loss in the torsional ductility of the outer six (6) strands will be dramatic.
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Steel Core Corrosion – 0% Galvanizing Remaining

As the galvanizing continues to corrode, the remaining surface area of the steel strands is exposed to the corrosive medium.  At the point where all of the galvanizing has been exhausted from the core bundle the outer six (6) strands will have lost considerable cross section and the tensile strength of the conductor bundle will have been reduced to a critical level.  The torsional ductility of the steel strands will be further reduced.  It should be noted that for any conductor tested where 0% galvanizing on the steel core bundle is identified, failure through loss of tensile strength of the steel core bundle should be expected at any time.


Remaining Sservice Life

« Age of circuit
« Historical climate and Industrial pollution

o« CCAS assessment
—#1 - long service life
—#2 — long service life

— #4 — near end of service life
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Remaining Service Life

In order to suggest a Remaining Service Life (RSL) for a circuit, information on the history of the conductor is essential.  In many cases the only historical information that is available is the date of construction for the circuit and the type of conductor used.��Climate history can be inferred from current records.  The amount of average rainfall, humidity during the warm months of the year and the proximity to ocean coasts can be identified.  For a large area like North America, the influence of salt sea air is limited to about 80 km (50 miles) from the coast but local conditions should always be considered.��Industrial pollution can have a significant impact on corrosion of ACSR but specific local effects are very difficult to predict.  Reliable pollution data covering the length of a circuit is rarely available but there are indicators in the environment.  The amount of corrosion on steel structures such as transmission towers, steel lamp posts, steel fencing or guard rails away from highways can provide some evidence of local conditions.  When assessing industrial pollution factors it is important to consider the entire history of the circuit and not just the most recent 10 or 20 years.��Non-destructive assessment combined with the age of the circuit, local climate conditions and pollution factors define the RSL for the circuit. 


End of Service Life

Majority of spans tested = #4

o« A measureable loss of steel mass

At least 1 location on every span tested = #4

o« A measureable loss of steel mass

A measureable loss of aluminum mass

Only one section of circuit shows severe
corrosion
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End of Service Life

The most straight forward assessment is where the majority of the non-destructive tests receive a level #4.  The example on the next slide (#7) is a clear case for a RSL of about 5 years.  This circuit was 70 years old when this test was completed.  Many of the individual tests showed long stretches with no evidence of any galvanizing on the steel core bundle.��It does not necessarily follow that the majority of the length of the circuit must be severely corroded in order to find that the conductor has reached the end of its service life.  In one case it was found that every span tested showed at least one location of less than 1 meter (3 Ft) in length that would be at level #4.��Circuits have been tested where a portion of the length of the circuit received level #4 while the remainder received level #3.  On reviewing the environmental information it was determined that the effluent stream from an old industrial site was the likely cause of the increased corrosion.��When looking at the influence on ACSR steel core corrosion from industrial effluent, it is important to recognize that this effluent can travel long distances before settling back to the ground and landing on the conductor.  The source of the effluent may also have been from a facility that has long since ceased to operate or to produce corrosive effluent. 


Non-Destructive Test Result

N-TECHSTC Data File ACSR CONDUCTOR

Installed: 1927
Circuit # 220

6.00

0000.0

Distance (meters) 0356.45
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Non-Destructive Test Result

A data set from one (1) 356 meter span.  The conductor had been in service about 70 years at the time this test was conducted.

Conductor type: ACSR 336.4 kcmil Linnet 26 Al/7 Fe

Interpretation: the X axis is linear distance measured in meters from start to finish of test.  The two (2) Y axis values are complimentary.  One P(hase) value and one Q(uadrature) value are presented with each data point recorded at an interval of about 8 mm (0.3”) or 4,455 data points for this test.  In general a high P value and a complimentary low Q value represent more galvanizing volume on the steel core bundle.

Basis for assessment: A reference model simulating the full range of expected conditions is created in the lab.  Data generated from this model is used to assess the response for the conductor sampled in the field.

Evaluation: There are three short duration anomalies, one group at about 60 meters, one at about 160 meters and a much larger anomaly centered at about 275 meters.  The group at 60 meters and the large area at 275 meters would satisfy level #4.


Non-Destructive Test Result

N-TECHSTC Data File ACSR CONDUCTOR Installed: 1927
Circuit # 220
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Interpretation:

The three (3) anomalies are between 5 and 7 meters apart and at their peaks they would be at level #4.  The majority of the conductor in this sample would be at level #3.

Conclusion:

The likely cause of this very short duration corrosion is a manufacturing problem that allowed for less galvanizing to be applied to one or more of the steel strands used to manufacture this conductor.  The anomaly at 275 meters shows the same degree of steel core corrosion but over a much longer area.  It is likely that there is still some galvanizing left on the steel core bundle at the 275 meter location – somewhere between 10% and 20% of the original galvanizing that was applied to the steel core bundle.  This would also indicate that there is only a small loss of steel cross section at this location.


Steel core bundle at level #3
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Level #3:

Some rust showing but most of the strands are still fully galvanized.

No loss of steel cross section.

No loss of aluminum mass in this example but the possibility exists if the environmental conditions are appropriate.


Steel core bundle at level #4-20%
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Level #4 – 20% galvanizing remaining:

The exposed surface is rusty and corrosion pitted but very little loss of steel cross section.  The torsional ductility of the these strands is greatly reduced due to pitting corrosion.

The inner surface of the outer six (6) strands are still protected with a thin galvanizing layer.

The center wire is fully galvanized.


Steel core bundle at level #4-0%
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Level #4 – 0% galvanizing remaining:

The entire surface of the outer six (6) strands is rusty and corrosion pitted.  The center strand has some galvanizing except at the center of this photograph.  A physical examination of the center strand shows a distortion consistent with a welded joint that would have vaporized the galvanizing from this location.

The torsional ductility of the these strands is dramatically reduced due to pitting corrosion.

Note:  All three (3) of the presented samples came from the same line and all three samples were located within one (1) kilometre of each other.


. oss of aluminum
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ACSR conductor about equal to 795 kcmil in size.  The outer layer is dark form surface contamination and is lightly pitted.  The second layer of aluminum strands is completely decomposed.  This conductor was in service for about 60 years.


. oss of aluminum mass
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The outer layer is intact and the steel core bundle is in good condition.  The granular material in the lower part of the photo is the second layer of aluminum.


Steel core condition
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The galvanizing on the steel seven wire steel core bundle is largely in tact with some exposure of the underlying steel visible.  This conductor would be considered to be in excellent condition for its age given the lack of corrosion on the steel core bundle.


CCAS-Steel Measurement
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Measurement of the three components of an ACSR conductor are the galvanizing on the steel core, the mass of the steel core and the mass of the aluminum strands.  The CCAS-steel instrument provides information on all three.

Galvanizing content
Steel mass
Aluminum mass

The Input Phase and Quadrature values along with the Transfer Phase and Quadrature values from the coil sensor are used to generate the three graphs.

The Phase value plotted against S 


=

Remaining Service Life (RSL)
Projection

o Galvanizing loss Is a leading indication
o -at 0% galvanizing about 5 to 10% of useful life remains

o Aluminum loss should be considered

o - likely no loss in steel mass
o -adequate galvanizing on steel core

« Steel mass loss indicates critical failure
o -any measurable mass loss indicates imminent failure
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Remaining Service Life Projection:

A non-destructive test method provides a very reliable indication of Remaining Service Life (RSL) because:�     1. Where the process measures the volume of galvanizing on the steel core of ACSR conductors�     2. The process is be able to measure loss of aluminum through electrolytic corrosion�     3. �     4. Operator experience is a vital part of the process of determining Remaining Service Life (RSL)
 �A Remaining Service Life projection is capable of providing the utility with a clear picture of the condition of the conductor on the circuits in question in a timely and economical manner.  


Falled ACSR Core Bundle
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Four different failure modes illustrated on the strands that are clearly visible.

Tensile failure due to corrosion – center wire
Tensile failure accelerated by stress riser – top wire
Tensile failure with significant necking – bottom wire
Spiral fracture – second from top wire
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