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BUSHMAN & Associates, Inc.

 CORROSION CONSULTANTS
 P.O. Box 425, Medina, OH 44258  (  Phone 330/769-3694, Fax 330/769-2197
Mr. Vincent F. Hock

US Army CERL
P.O Box 9005

Champaign, IL  61826-9005

Re:  Analysis of Soil Chemistry and Leak Data with Recommendations for Repair – Trinidad, Colorado 8” Diameter Ductile Iron Water Transmission Pipeline

Gentlemen,

The Trinidad Pipeline leak excavation examination including digital photo documentation, soil analysis of multiple samples gather along the pipeline length and structure potential measurements were made over the last several months.  The soil and potential data is attached to this report while the photos are included on the enclosed compact disk (CD).

A detailed excavation was performed by B&A at a newly discovered leak site on the pipeline along the south side of County Road 75 between County Roads 32 and 36.  This is in the area where 55 of the 69 documented leaks have occurred on the pipeline.  The results of the physical and electrical tests performed at this site are contained with B&A’s letter report dated March 5th, 2002.

Subsequesntly, detailed maps of leak locations were provided to B&A by the City of Trinidad and by USA CERL.  These leak locations are summarized on the maps created by B&A which were used to better understand the geographical feature which may be impacting the corrosion failures.  
In addition, 20 soil samples, gathered along the length of the pipeline were analyzed for their electrical resistivity both in as received condition and after saturating each sample with distilled water.  These samples were also tested for pH, total alkalinity and free chlorine.  As summary of this data is contained in the table below.  The complete test report is included in the appendix to this report.
	Soil Analysis Data from 16 Excavation Sites (20 Soil Samples)                             Over Length of Trinidad Pipeline

	
	Resistivity (As Received) Ohm-Cm
	Resistivity (Saturated)Ohm-Cm
	pH
	Total Alkalinity (mg/L)
	Free Chlorine (mg/L)

	Average
	208,408
	1,846
	8
	144
	0

	Minimum
	994
	187
	7
	40
	0

	Maximum
	1,032,667
	9,151
	8
	240
	0

	Standard Deviation
	301,921
	2,384
	0
	61
	0


When the soil data was analyzed, it was realized that the soils along the entire length of the pipeline were extremely similar except for their resistivity in “as found” condition.  Essentially when these soils are dry, their resistivity is also extremely high.  While corrosion rates can not be calculated based solely on resistivity, it has been known for at least 75 years that there is a close relationship between resistivity and corrosion rate in that as resistivity increases, corrosion rates decrease.  The soils in “as found” condition had an average resistivity of more than 200,000 ohm-centimeters (Ω-cm) while these same samples, when wetted to saturation with distilled water, had an average resistivity of less than 1900 Ω-cm or a 100 fold reduction in resistivity.  Everything else being equal, these soils, when wet, would support corrosion rates 100 times higher than that when they are dry.  In fact, the four lowest readings were less than 600 Ω-cm with the lowest being 187 Ω-cm possibly supporting rates 200 to 500 times higher than iu their average dry condition.  These are extremely low values and it is not surprising that Ductile Iron pipe would experience early corrosion perforation failure.
The reason for the low resistivity values of the wet soil is that the rain water on many desert soils leaves by evaporation rather than by permeation into the soil substrate.  As a result, the dissolved solids in the rain water are left behind.  Over eons, these dissolved solids accumulate and resistivity is directly related to the total dissolved solid contained in the pore water in the soil (Water Resistivity in ohm-centimeters is approximately equal to 635,000/Total Dissolved Solids in mg/L or ppm at 20 degrees centigrade).  Thus, desert soils are almost always extremely low in resistivity but only when they are wet.  When the soil moisture drys out to a value less than 20% of saturation, the resistivity of the soil begins to increase dramatically as shown in the following graph excerpted from “Underground Corrosion – Circular 579” published by the National Bureau of Standards in April of 1957:
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Ficure 66. Effect of moisture content on resistivity of a clay soil.




Figure 1
Unfortunately, in order for the design engineer to be aware of the potential for corrosion failure, these soils would have to have been tested in the rainy season or in the low lying or permanently wet areas.  Desert soils are today recognized as having unique corrosion characteristics.  These soils often dry out to depths of ten feet or more during the dry season and only experience wet conditions for perhaps 3 to 5 months each year.  Thus, they are often benign, from a corrosion viewpoint, for 7 to 9 months each year and then become highly corrosive for the remain months each year.
When the soil environment conditions are analyzed with respect to the current leak locations, as shown on the following maps, it is readily apparent the almost all of the leaks have occurred in areas which remain permanently moist (lower lying areas adjacent to small rivers and creeks).  The first four (4) maps provide an overview of the pipeline route showing the general location of the leaks followed by nine (9) more detailed maps more clearly showing the correlation between the waterways and the pipe leaks.
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Figure 2
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Figure 6
Figure 7
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Figure 8
Figure 9
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Figure 11
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Figure 12
Figure 13
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Figure  14
Recommendations:
After review of the soil resistivity data in conjunction with the impact of moisture on the values, it becomes clear that those sections of the pipe which are in permanently wet or moist soil should have experience the failures that have occurred.  Conversely, those sections in more arid conditions can be expected to last perhaps 2.5 to 4 times longer (depending on the amount of time that 20% moisture content is maintained in the soil at pipe depth).  The pipeline was installed in 1985/1986 era.  While the first leaks occurred only 3 to 4 years later, the large majority occurred from 1997 on or about 10 years after installation.  That would indicate a more typical service life in the more arid areas of perhaps 25 to 40 years.  Since the pipe is already approaching 17 years of age, these areas can be expect begin leaking due to corrosion perforation in 8 to 23 years.
Based on the above, it is recommended that the Ductile Iron piping in permanently moist soil areas be replaced with corrosion resistant pipe as soon as possible.  Further, it is recommended that consideration be given to providing galvanic anode cathodic protection to the DI pipe which is in more arid locations that have yet to experience corrosion failure.  A more detailed review of the alternative methods of achieving this using banked anodes and bonding of the pipe joints versus applying anodes and a bond at every other joint needs to be accomplished.  Implementation of cathodic protection in the high moisture content areas is not recommended due to the deep penetration of graphitization observed at the excavation on County Road 75 documented in the photos on the CD attached.
We wish to express our appreciation for all of the support and assistance provided by the City of Trinidad’s Department of Natural Gas, Waste Water & Water.  If you or any of your associates have any questions, please call or write.
Sincerely,

Bushman & Associates, Inc.

James B. Bushman, P.E., C.P.S.

Principal Corrosion Engineer
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