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The current anode retrofit program for City of Calgary water mains was initiated in 1998 after the approval by then-Chief Engineer Rob Pritchard at the urging of Corrosion Technician Bill Ng, following some years of background discussions between Engineering and various members of the corrosion staff.

The corrosion staff, including technicians Murray Hoines, Brad James and Richard Roe, had been pointing out for some time that the cathodic protection of our yellow-jacketed ductile iron  (YDI) mains by magnesium anodes would work as well on unprotected DI mains.   The only difference was that anodes were spaced at 12m (on 150mm diam. Mains) , and about 8m on 200mm mains, rather than the 100m spacing common on YDI mains.

In earlier times, however, the process of retrofitting the anodes, by digging holes with a backhoe, raised the cost to some thousands of dollars per anode, a per-metre cost nearly as much as replacement.

In the late 1990’s, a number of developments changed this situation:

· The “Hydrovac”, which uses water under high pressure to dissolve soil into mud and a vacuuming process to pull up the mud into a storage tank, made it possible to create small holes down to a pipe – without dange of damaging the pipe – for a few hundred dollars per hole.

· The Waterworks created the position of “Infrastructure Engineer”, devoted full time to management of the infrastructure, and completed a preliminary report on the status of our main replacement efforts that showed our low main replacement rate to be clearly related to our practice of installing anodes at repair sites.

· Bill Ng was seconded to work in Engineering downtown and was able to state the case for anode retrofit more effectively than the Corrosion group had before in brief meetings.

Anode retrofit was first attempted in 1998 as a trial effort with some 2.4 km of DI and PDI mains protected at an average cost of $865 per anode.

The estimated payback for a successful anode retrofit of an ageing main that was near to needing replacement was to delay the replacement by about 20 years, that being the lifetime of a 32-lb magnesium anode by the standard models describing the corrosion process.

By that assumption, with an average anode installation costing some $883 in total protecting an average of 10m of main, the cost of $87 per metre protected would be fully paid back by such a long delay in a replacement costing (at 1998 prices) over $500 per metre.

The Net Present Value of the delay would depend on the imminence of the proposed replacement: delaying a replacement from 3-years-hence to 23-years-hence would have a much higher NPV than a delay from 10 years to 30.   The ideal candidate main for anode retrofit should be some 5 years away from replacment since mains closer than that to their end-of-life might not be “saved” by cathodic protection.  For every year further away from replacement, the NPV of the cathodic-protection delay is reduced by a few percent.

DI mains that our evaluation process indicated to be between 5 and 10 years away from replacement were targeted for anode retrofit.

The entire City of Calgary inventory of Ductile Iron mains, some 500km, were possible candidates for this protection over the long run, since all were installed with electrial continuity from pipe-length to pipe-length via metal “straps” from bell to spigot, in anticipation of cathodic protection efforts.

A program was devised to attempt to protect at least 20km of DI per year so that the majority of our DI could be protected over the next 20-25 years. The replacement of DI mains was curtailed by over 80%, down to about 2-3km replaced per year from the 1992 level of over 17km / year. 

This reduction, at a saving of millions of dollars in construction work per year, is both an economic benefit to the utility, and a benefit to the environment.  The reduction in work is also a reduction in heavy equipment fuels, wear and tear on equipment, pipe material used, and human labour.

Over the very long run (100 years) the same amount of work will be done eventually – all of the pipe still has to be replaced at some point.   But a replacement process of some 500 km of trench-digging, pipe manufacture, etc, that would have taken place over about 40 years (2000-2040), will now be stretched out over as much as 100. Some pipes are projected to be retrofitted with two or three “generations” of anodes, a new set every 20 years.   As with  making clothing or cars last longer before purchasing a replacement, there is a similar reduction in actual consumption with this greater longevity – squeezing more payback from the same original investment.

The projected payback from the overall program for ductile iron was estimated in a corporate “STARS” submission by the author at some $50 million over the next 30 years.   The project was awarded the overall corporate “Star of Excellence” highest award for the year 2000.

From 1999 through 2002, the cost-per-anode of this work was reduced sharply via  a kaizen” process of continuous improvement by the field staff and by Bill Ng who provided Engineering with oversight into the work performed by Construction Services staff and the Hydrovac services provided by contractor Badger Daylighting of Calgary.    The most recent figure, for 2002, was $587 per anode, a reduction of one-third.  During the same period, costs for replacement soared and in 2003 are estimated at some $750 per metre.

This results in a payback for anode retrofit so high that the program for 2004 is being extended to cast iron (CI) mains which do not have electrical continuity, requiring a separate anode to be placed on each pipe-length (only 6m apart).

In 2002, the National Research Council concluded their report, B-5112.2, “Effectiveness of Cathodic Protection of Watermains”, with data on similar programs in Edmonton, Ottawa, Saskatoon, Peterborough, and other Canadian cities.  The conclusions of the report were unequivocal that cathodic protection, even if retrofitted onto mains that were near to replacement, was highly effective.

The image below shows the theoretical predicted effect of cathodic protection on the main-break rate of mains whose break rates were rising towards a level that would otherwise require replacement:
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Figure 17. Phases in breakage pattern when pipe is retrofitted at year 50.
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There are only few water utilities which have sufficient historical data to verify this
concept. Among the participants of this research project, Edmonton and Ottawa were
identified to have data of some significance. In addition, data have been obtained from

the Regional Municipality of Durham, Ontario, which started its CP retrofit in 1983, and




The subsequent images, below, indicate the reported data from Durham, Edmonton and Ottawa:
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Breakage pattern before and after retrofit in Durham.
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Figure 19. Breakage pattern before and after retrofit in Edmonton.
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Figure 20. Breakage pattern before and after retrofit in Ottawa.





And the last image shows the main break rate, graphed in the same manner, for the City of Calgary DI mains that have been retrofitted with anodes from 1999-2001:
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These graphs speak for themselves, but to summarize in a sentence: the theory has worked in other cities and so far has worked just as predicted for Calgary.

It may now be safely accepted that the predicted effect that won the 2000 “Star of Excellence” award before any actual benefits had accrued, will in fact come to pass. Some tens of millions of dollars of construction can be put off for 20 years; with further installations of anodes in 20 years as the first install are consumed, much longer.

With 2004, the project enters a new phase by using the same technique on the cast iron mains.  While the payback on these mains is lower, it is still safe to predict that the 30-year total saved will be in the tens of millions of dollars.   All of which is by reduction in the amount of energy (in the form of diesel fuel), wear on expensive construction equipment, pipe materials, and labour associated with heavy construction, to the benefit of Calgary’s environment.

