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Corrosion and Its Control, Polyethylene Encasement (V-Bio®)

Presenter Notes
Presentation Notes
Introduction Slide showing the title of the talk, utility, city and date.



DIPRA Member Companies

- AMERICAN Ductile Iron Pipe
Birmingham, AL

- Canada Pipe Company, LTD.
Hamilton, Ontario

- McWane Ductile
Coshocton, OH

- United States Pipe and
Foundry Company
Birmingham, AL

Presenter Notes
Presentation Notes
Member company logo slides. Begin this slide with telling the audience that these logos represent the manufacturers for whom we promote ductile iron pipe. This shows the logos of the member companies and it is animated such that each logo comes in from a different direction and at separate times. Further, this slide is to be used in conjunction with the following slide so the audience is introduced to the fact that US Pipe and Griffin are one in the same. Also, the McWane group (USA) is now McWane Ductile. 

http://www.american-usa.com/
http://www.canadapipe.com/


Regional Engineer Program

Jeffrey Butters
Region 4 
Regional Engineer
AMPP/NACE Cert.

Presenter Notes
Presentation Notes
DIPRA regional slide revealing territories along with the host Regional being labeled



DIPRA Website

• www.dipra.org

Desktop Mobile

Presenter Notes
Presentation Notes
DIPRA website slide shows the audience how a typical trip to the website will appear. Let the attendees know that this is where they can pick up various types of information pertaining to any up-to-date information, literature, and most important transition to the next slide and talk about DIPRA’s computer programs.



DIPRA Website
(www.dipra.org)

Presenter Notes
Presentation Notes
DIPRA website slide shows the audience how a typical trip to the website will appear. Let the attendees know that this is where they can pick up various types of information pertaining to any up-to-date information, literature, and most important transition to the next slide and talk about DIPRA’s computer programs.



DIPRA Technical Publications



Storage of Pipe

Presenter Notes
Presentation Notes
Picture of ductile iron pipe stacked in some utility’s yard and let the audience be reminded that this is the product we are discussing today and planning to protect against corrosive environments.



DIPRA Publications

Presenter Notes
Presentation Notes
A scanned copy of our Polyethylene Encasement brochure. This has a great deal of the information that we will be discussing throughout the presentation



Versailles, France
(Installed 1664)

Presenter Notes
Presentation Notes
The fountains, historically, have been served with two cast iron water mains that were installed in 1664 by King Louis XIV of France. The pipelines are approximately fifteen miles in length and covey water from a pumping station at Marly-on-Siene to Versailles. 

These mains offered over 300+ years of service. Some of the piping, fittings, etc. in and around the fountains are still in service!  




Century Club

• The Cast Iron Pipe 
Century Club recognizes 
water utilities with Cast 
Iron mains that have 
provided service for 100 
years or more.  530 in US.



Neihart, Montana

Resistivity: 2,520 ohm-cm

Neihart, Montana – 12-Inch Cast Iron Pipe
Installed: 1892 – Inspected: 1992

Member: Cast Iron Pipe Century Club

Presenter Notes
Presentation Notes
In 1992, Neihart, Montana received their Century Club plaque.

The pipeline was physically inspected, since the main was being tapped (note tapping sleeve).

No apparent pitting or graphitization!

CIPRA soil investigation in 1892 would have made no specific external corrosion control recommendation.



Resistivity: 3,600 – 7,600 ohm-cm

Princeton, Kentucky – 16-Inch Ductile Iron Pipe
Installed: 1963-1964 – Inspected: 1998 (2003) (2013)

Presenter Notes
Presentation Notes
As far as ductile iron pipe, one of the earliest installations was in Princeton, Kentucky (1963-1964 – some 34- to 35-years of service).

Upon inspection, no evidence of pitting or graphitization.



Century Club
(California)



Sesquicentennial  Club

• The Cast Iron Pipe 
Sesquicentennial Club 
recognizes water utilities 
with Cast Iron mains that 
have provided continuous 
service for 150 years or 
more.  21 In US.

Presenter Notes
Presentation Notes
List of Sesquicentennial Club members. Note that this slide will transition to the next slide introducing the audience to the fact that there will be two entities that will become Bi-Century Club Members next year (Troy, New York & Montreal, Canada)



York, PA

Nashville, TN

Lynchburg, VA

Richmond, VA

Winchester, VA

Halifax, NS

Montreal, QC

Quebec City, QC

Huntsville, AL

Mobile, AL

Washington DC

Louisville, KY

Boston, MA

Detroit, MI

St. Louis, MO

Albany, NY

Buffalo, NY

Troy, NY
Utica, NY

Cincinnati, OH

Allentown, PA

Columbia, PA

Lancaster, PA

Philadelphia, PA

Pittsburgh, PA

Sesquicentennial  Club

Presenter Notes
Presentation Notes
List of Sesquicentennial Club members. Note that this slide will transition to the next slide introducing the audience to the fact that there will be two entities that will become Bicentennial Club Members next year (Troy, New York & Montreal, Canada)



Louisville, KY - October 2010

Sesquicentennial  Club

Presenter Notes
Presentation Notes
Sesquicentennial Club member, Louisville, KY displaying a section of their 20-inch cast iron pipe that allowed them to obtain their Sesquicentennial status. This occurred in October of 2010 (this portion of the slide is animated.



External Soil Corrosion

Presenter Notes
Presentation Notes
Photograph of corroded piece of ductile iron pipe. Typically, a rhetorical question is asked of the audience as to why this “poor” water superintendent that had to service and maintain this piping have a corrosion problem with this pipe while King Louis, Century Club members, Sesquicentennial members got so much more life from their cast iron piping? Answer: It was the soil environment in which the pipe was installed. Transition to the next slide which is the Basic Galvanic Corrosion Cell.



Corrosion Cell
Galvanic
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Presenter Notes
Presentation Notes
Describe the galvanic cell schematic.

Mention that corrosion always takes place at the anode. The driving potential may be due to dissimilar metals at the anode and cathode or due to a difference in the electrolyte at those same areas.

Corrosion takes place at the anode (where current leaves) where corrosion by-products will form. 

Passivation takes place and corrosion does not take place at the cathode.

Also, introduce the audience to other circumstances that can aggravate the corrosion cell such as the introduction of oxygen, the presence of anaerobic bacteria, presence of chlorides, increase in temperature, the addition of stress introduced to the concerned metal, etc.

Many times reminding the audience of how fast iron will corrode under the load of one ampere per year – 20 lbs. of metal can be consumed. Also, talk about a corrosion cell that has an anode that is zinc and a cathode that is carbon and again rhetorically asked what the audience might expect the potential difference might be? (1.5 volts)

Note that electron flow is opposite to conventional current flow.



The underground pipe
corrosion cell . . .

AnodeCathode

Electrolyte

Return Current Path

Presenter Notes
Presentation Notes
Note that the 4 basic elements of the corrosion cell must be present.

The return current path is on the pipe itself.

Remind the audience that in most cases the anode and cathode on the pipe are of the same material and therefore they have the same potential. Therefore, for corrosion to occur there must be a difference in the electrolyte at the anode and cathode in order to drive this reaction.



Ductile Iron Pipelines are
Electrically Discontinuous

Push-on Joint Mechanical Joint

Presenter Notes
Presentation Notes
The typically used ductile iron pipeline joints are electrically discontinuous. 

Therefore, each piece of pipe will be its own structure as far as corrosion is concerned.





Sources of Stray Current

• Impressed current cathodic protection systems

• Electric transit systems

• Arc-welding equipment

• Direct current transmission systems

• Grounding electrical systems to pipe

Presenter Notes
Presentation Notes
Review the potential sources for stray current. (Note! That the list is given to the audience from the bottom to the top. This emphasizes the fact that historically the only real threat to ductile iron pipelines (that are left electrically discontinuous) are impressed current cathodic protection ground beds. However, as the instructor mentions direct current transmission systems he should let the audience know that these types of power line systems are being used with more frequency.




Impressed Current
Cathodic Protection

Anode Bed

Protected
Pipe

AC Power Source 

DC out

1 to 100 V
1 to 100 a

- +

Rectifier

Presenter Notes
Presentation Notes
Schematically this is the system that would generate a source for stray current corrosion. (Note! The anode bed (shallow ground bed) where a high level of current is being dissipated is the actual source for the problem.) A concentrated level of current density is being driven from a localized area such that, if a foreign metallic structure is within close proximity, the current could be forced onto the structure.  




Rectifier Photo

Presenter Notes
Presentation Notes
This is a typical rectifier (note the electric meter). The positive terminal of this device is connected to the anode bed (sometimes called a ground bed). (The negative terminal of the rectifier is connected to the pipeline(s) that the system is protecting.) Remember this anode bed is generally located some 100- to 500-feet away from the main it is to protect. This bed can be shallow or a deep-well system. The shallow beds are the ones that almost always generate the stray current problem. This is because the current spread is at an underground elevation that is virtually the same as the levels at which (underground) pipelines are installed. [A true deep-well system (anodes are installed some 250- to 350- below the ground  surface) generally will not be a problem, because the current spread is well below the foreign structure.]




AC Overhead Power Line 
Right-of-Ways

Presenter Notes
Presentation Notes
Alternating Current (AC) overhead power lines are not a concern with regard to corrosion for electrically discontinuous pipelines.  However, it requires additional design considerations for an electrically continuous pipeline.

However, they can be a problem from a safety standpoint if a pipeline is well-coated and electrically continuous.

The joint discontinuity of ductile iron pipelines prevents a buildup of induced current over the entire pipeline, and ductile iron pipe (because it is essentially grounded) offers an attractive path to ground on each length of pipe.



Effect of Overhead AC Power Lines

Presenter Notes
Presentation Notes
Alternating Current (AC) overhead power lines are not a concern with regard to corrosion for electrically discontinuous pipelines.  However, it requires additional design considerations for an electrically continuous pipeline.

However, they can be a problem from a safety standpoint if a pipeline is well-coated and electrically continuous.

The joint discontinuity of ductile iron pipelines prevents a buildup of induced current over the entire pipeline, and ductile iron pipe (because it is essentially grounded) offers an attractive path to ground on each length of pipe.



10-Point
System

Presenter Notes
Presentation Notes
Now that we have had an in-depth look at resistivity let’s see how it fits into the 10-point system used for determination of corrosive environments for ductile iron pipe



Soil Evaluation Parameters

• Resistivity
• Redox 
• pH
• Sulfides
• Moisture

Presenter Notes
Presentation Notes
10 Point System consists of 5 parameters

Mention each parameter

We will cover all of these

Resistivity is the most important



10-Point Soil Evaluation

Presenter Notes
Presentation Notes
The statistical analysis used the 10-Point system to determine corrosive or non-corrosive soils.



Corrosive Environments

Coal
Cinders
Swamps
Expansive Clays
Peat Bogs
Mine Wastes
Landfill Areas
Alkali Soils

Presenter Notes
Presentation Notes
Also, some environments are known from experience to be corrosive



DIPRA Corrosion Research

• 1928 – Strength of Corrosion Products
• 1940 – Coatings
• 1949 – Bolt Corrosion
• 1952 – Coatings and Loose Polyethylene
• 1963 – Field Investigations (on-going)
• 1971 – Stray Current
• 1989 – Copper Service
• 1999 – Elevated Temperature
• 2000 – Effect of Chloramines on Gasket Materials
• 2002 – Rate of Corrosion



DIPRA Test Sites

Presenter Notes
Presentation Notes
Test sites have been selected to provide a wide variety of soil characteristics in an effort to identify and rank which soil characteristic is most important.

Example:  Compare the Everglades which is low resistivity with anaerobic bacteria verses Overton, which is low resistivity without anaerobic bacteria.

The goals of test site research were to identify aggressive environments, and provide methods of corrosion mitigation.  



DIPRA Test Sites

Presenter Notes
Presentation Notes
Test sites have been selected to provide a wide variety of soil characteristics in an effort to identify and rank which soil characteristic is most important.

Example:  Compare the Everglades which is low resistivity with anaerobic bacteria verses Overton, which is low resistivity without anaerobic bacteria.

The goals of test site research were to identify aggressive environments, and provide methods of corrosion mitigation.  



DIPRA Test Site Data
LOCATION RESISTIVITY pH SULFIDES REDOX

Atlantic City, NJ 66 7.0 positive -240
Birmingham,  AL 400 7.0 ------ ------

Casper, WY 350 8.0 negative +96
Everglades City, FL 150 7.2 positive -150

Herrin, IL 4,440 4.7 negative +205
Lombard, IL 2,500 7.3 trace +90
Overton, NV 188 7.9 negative +200

Raceland, LA 1,000 7.2 trace +140
Spanish Fork, UT 720 7.5 negative +140
Watsonville, CA 1,040 6.2 trace +180

Wisconsin Rapids, WI 6,000 3.5 positive +210

Presenter Notes
Presentation Notes
Test sites have been selected to provide a wide variety of soil characteristics in an effort to identify and rank which soil characteristic is most important.

Example:  Compare the Everglades which is low resistivity with anaerobic bacteria verses Overton, which is low resistivity without anaerobic bacteria.

The goals of test site research were to identify aggressive environments, and provide methods of corrosion mitigation.  





DIPRA Research

Presenter Notes
Presentation Notes
Dan Crabtree and Jim Clark.

Typical corrosion studies measure total weight loss, and maximum pit depth.
















DIPRA – Bolt Study

Presenter Notes
Presentation Notes
Bolt Study.

Bolt corrosion was identified as a source of concern as the Mechanical Joint began to increase in popularity.  

Cast iron or carbon steel bolts tended to be anodic to the pipe.  Incidentally, this phenomena led to the development of high strength low allow steel “T” head bolts.

First studies utilizing polyethylene encasement were aimed at mitigating corrosion on MJ “T” head bolts.




Everglades Test Site



CIPRA - 1952
Polyethylene Protection Study

Resistivity:
Redox:

pH:
Sulfides:

Soil Moisture:

400 ohm-cm
- 35 mV
7.1
Positive
Saturated

Everglades City, FL - 6” Gray Cast iron
18 years exposure

4-mil polyethylene encased

Presenter Notes
Presentation Notes
Polyethylene encasement was originally used to control corrosion on the bolts of the Mechanical Joint, however this led to experiments and the development of the use of polyethylene encasement for corrosion control over the entire pipe.

Comment on very corrosive nature of soils (23.5-point soil).






A Solution –
Both Economical and Effective

Monday, March 21, 2022 39

Presenter Notes
Presentation Notes
Read slide – emphasize economics and effectiveness



ANSI/AWWA C105/A21.5

Presenter Notes
Presentation Notes
1972 first edition,
1977 reaffirmed with out revision,
1982 revision, deleted references to gray cast iron
1986 revision, thickness requirements were defined
1993 revision, added 4-mil HDCL, and circumferential wraps of tape in high ground water
1999 revision, required 8-mil LLDPE, add marking requirements, Appendix A revised



Polyethylene Encasement

Presenter Notes
Presentation Notes
Initially, polyethylene encasement studies began in 1952.
	( i.e. Everglades, FL and Atlantic City, NJ )

1958 first polyethylene installed in a Lafourche Parish LA.

1972 ANSI/AWWA C105/A21.5-72 Polyethylene Encasement for Grey and Ductile Cast Iron Piping for Water and Other Liquids

20 years! of research and experience before the standard was released.



Polyethylene Encasement
History of Development

1952 - Research initiated

1958 - First installation

1972 - First standard issued

20 years
of research

Presenter Notes
Presentation Notes
Initially, polyethylene encasement studies began in 1952.
	( i.e. Everglades, FL and Atlantic City, NJ )

1958 first polyethylene installed in a Lafourche Parish LA.

1972 ANSI/AWWA C105/A21.5-72 Polyethylene Encasement for Grey and Ductile Cast Iron Piping for Water and Other Liquids

20 years! of research and experience before the standard was released.



Polyethylene Encasement
Installation

Method A

Method B

Method C

Modified Method A

Presenter Notes
Presentation Notes
The standard ANSI/AWWA C105/A21.5 outlines three methods for wrapping DIP.



Polyethylene Encasement
Installation

Modified Method A

Presenter Notes
Presentation Notes
The standard ANSI/AWWA C105/A21.5 outlines three methods for wrapping DIP.



Polyethylene Encasement
Installation

Presenter Notes
Presentation Notes
The standard ANSI/AWWA C105/A21.5 outlines three methods for wrapping DIP.



Polyethylene Encasement
Installation

Presenter Notes
Presentation Notes
The standard ANSI/AWWA C105/A21.5 outlines three methods for wrapping DIP.



Polyethylene Encasement
Installation

Presenter Notes
Presentation Notes
The standard ANSI/AWWA C105/A21.5 outlines three methods for wrapping DIP.



Polyethylene Encasement
Installation

Presenter Notes
Presentation Notes
The standard ANSI/AWWA C105/A21.5 outlines three methods for wrapping DIP.



Polyethylene Encasement
Installation

Presenter Notes
Presentation Notes
The standard ANSI/AWWA C105/A21.5 outlines three methods for wrapping DIP.



Polyethylene Encasement
Installation

Presenter Notes
Presentation Notes
The standard ANSI/AWWA C105/A21.5 outlines three methods for wrapping DIP.



Polyethylene Encasement
Installation

Presenter Notes
Presentation Notes
The standard ANSI/AWWA C105/A21.5 outlines three methods for wrapping DIP.



Polyethylene Encasement
Installation

Presenter Notes
Presentation Notes
The standard ANSI/AWWA C105/A21.5 outlines three methods for wrapping DIP.



Polyethylene Encasement
(Wet Trench) Installation

Presenter Notes
Presentation Notes
The standard ANSI/AWWA C105/A21.5 outlines three methods for wrapping DIP.



Encasement of Appurtenances

Presenter Notes
Presentation Notes
The standard ANSI/AWWA C105/A21.5 outlines three methods for wrapping DIP.



Casings

Presenter Notes
Presentation Notes
Polyethylene encasement can be effectively used in casing pipe, where the annular space can become inundated with corrosive soil or water.

Note nylon casing spacers and nylon strap.  The nylon strap protects the polyethylene encasement from tears during installation.



Polyethylene Encasement
(V-Bio® Enhanced with Additional Colored Layer)

Presenter Notes
Presentation Notes
Polyethylene encasement can be effectively used in casing pipe, where the annular space can become inundated with corrosive soil or water.

Note nylon casing spacers and nylon strap.  The nylon strap protects the polyethylene encasement from tears during installation.



Tapping

Presenter Notes
Presentation Notes
Direct Tapping DIP through polyethylene encasement provides an effective method to mitigate corrosion associated with the bi-metal corrosion couple created by a brass corporation stop in a DI pipe.



Tapping

Presenter Notes
Presentation Notes
Direct Tapping DIP through polyethylene encasement provides an effective method to mitigate corrosion associated with the bi-metal corrosion couple created by a brass corporation stop in a DI pipe.



Tapping

Presenter Notes
Presentation Notes
Direct Tapping DIP through polyethylene encasement provides an effective method to mitigate corrosion associated with the bi-metal corrosion couple created by a brass corporation stop in a DI pipe.



Tapping

Presenter Notes
Presentation Notes
Direct Tapping DIP through polyethylene encasement provides an effective method to mitigate corrosion associated with the bi-metal corrosion couple created by a brass corporation stop in a DI pipe.



Saddle Taps

Presenter Notes
Presentation Notes
Direct Tapping DIP through polyethylene encasement provides an effective method to mitigate corrosion associated with the bi-metal corrosion couple created by a brass corporation stop in a DI pipe.



Saddle Taps

Presenter Notes
Presentation Notes
Direct Tapping DIP through polyethylene encasement provides an effective method to mitigate corrosion associated with the bi-metal corrosion couple created by a brass corporation stop in a DI pipe.



Saddle Taps

Presenter Notes
Presentation Notes
Direct Tapping DIP through polyethylene encasement provides an effective method to mitigate corrosion associated with the bi-metal corrosion couple created by a brass corporation stop in a DI pipe.



Saddle Taps

Presenter Notes
Presentation Notes
Direct Tapping DIP through polyethylene encasement provides an effective method to mitigate corrosion associated with the bi-metal corrosion couple created by a brass corporation stop in a DI pipe.



Saddle Taps

Presenter Notes
Presentation Notes
Direct Tapping DIP through polyethylene encasement provides an effective method to mitigate corrosion associated with the bi-metal corrosion couple created by a brass corporation stop in a DI pipe.



Polyethylene Encasement
Investigations

Presenter Notes
Presentation Notes
DIPRA has conducted over 130 Polyethylene Encasement Investigations over the last 40 years.  

Excavate and completely expose the pipeline, remove the polyethylene encasement, send it to the lab for tensile testing, and examine the pipeline with a pointed hammer for pitting and/or graphitization.  
















Lafourche Parish, Louisiana – 4-Inch Cast Iron Pipe
Installed: 1958 – Inspected: 2013

Resistivity:   480 ohm-cm
pH:   6.8

Redox:   - 30 mV
Sulfides:   Positive

Chlorides: Positive
Saturated



Lafourche Parish, Louisiana – 4-Inch Cast Iron Pipe
Installed: 1958 – Inspected: 2013

Resistivity:   480 ohm-cm
pH:   6.8

Redox:   - 30 mV
Sulfides:   Positive

Chlorides: Positive
Saturated



Peen PatternLafourche Parish, Louisiana – 4-Inch Cast Iron Pipe
Installed: 1958 – Inspected: 2013

Resistivity:   480 ohm-cm
pH:   6.8

Redox:   - 30 mV
Sulfides:   Positive

Chlorides: Positive
Saturated



Peen PatternLafourche Parish, Louisiana – 4-Inch Cast Iron Pipe
Installed: 1958 – Inspected: 2013

Resistivity:   480 ohm-cm
pH:   6.8

Redox:   - 30 mV
Sulfides:   Positive

Chlorides: Positive
Saturated



Lafourche Parish, Louisiana
(Clear, Low Density (8-mil) Polyethylene)

Presenter Notes
Presentation Notes
DIPRA has conducted over 130 Polyethylene Encasement Investigations over the last 40 years.  

Excavate and completely expose the pipeline, remove the polyethylene encasement, send it to the lab for tensile testing, and examine the pipeline with a pointed hammer for pitting and/or graphitization.  



Lafourche Parish, Louisiana
(Clear, Low Density (8-mil) Polyethylene)

Resistivity:   320 ohm-cm
pH:   6.9

Redox:   - 30 mV
Sulfides:   Positive

Chlorides: Positive
Saturated

Presenter Notes
Presentation Notes
DIPRA has conducted over 130 Polyethylene Encasement Investigations over the last 40 years.  

Excavate and completely expose the pipeline, remove the polyethylene encasement, send it to the lab for tensile testing, and examine the pipeline with a pointed hammer for pitting and/or graphitization.  



Lafourche Parish, Louisiana
(Clear, Low Density (8-mil) Polyethylene)

Presenter Notes
Presentation Notes
DIPRA has conducted over 130 Polyethylene Encasement Investigations over the last 40 years.  

Excavate and completely expose the pipeline, remove the polyethylene encasement, send it to the lab for tensile testing, and examine the pipeline with a pointed hammer for pitting and/or graphitization.  



Lafourche Parish, Louisiana
(Clear, Low Density (8-mil) Polyethylene)

Presenter Notes
Presentation Notes
DIPRA has conducted over 130 Polyethylene Encasement Investigations over the last 40 years.  

Excavate and completely expose the pipeline, remove the polyethylene encasement, send it to the lab for tensile testing, and examine the pipeline with a pointed hammer for pitting and/or graphitization.  



Lafourche Parish, Louisiana
(Clear, Low Density (8-mil) Polyethylene)

Parameter Tested Min.*

Tensile Strength at Break (psi) 2,104 1,200

Elongation at Break (%) 518 300

* Minimum values as set forth in AWWA C105-72

Tested Values from 2013 Inspection

Presenter Notes
Presentation Notes
DIPRA has conducted over 130 Polyethylene Encasement Investigations over the last 40 years.  

Excavate and completely expose the pipeline, remove the polyethylene encasement, send it to the lab for tensile testing, and examine the pipeline with a pointed hammer for pitting and/or graphitization.  



Polyethylene Encasement
Investigations

Presenter Notes
Presentation Notes
St. Louis, MO was convinced that this was galvanic corrosion. 

Pipe may appeared to be corroded, however sandblasting of this section revealed no corrosion pitting. 



Polyethylene Film
Comparison

Linear Low-Density HDCL

Minimum Thickness (mil) 8 4

Dielectric Strength (V/mil) 800 800

Tensile Strength (psi) 3,600 6,300

Elongation (%) 800 100

Impact Resistance (g) 600 800

Tear Resistance (gf) 2,550 250

Presenter Notes
Presentation Notes
Linear Low Density PE replaced Low Density in 1999.



Corrosion Probes



Florida Everglades Corrosion Testing
(above ground monitoring)

Zinc Reference 
Cells

Silver/Silver Chloride Ref. Cells

Corrosion 
Coupons

Corrosion 
Coupons

Presenter Notes
Presentation Notes
DIP is a highly standardized with conservative standards for ease of use.

All manufacturers produce pipe in accordance with these standards – so that is how we promote the product.

Promotion is generally done through the RE program



Corrosion Probes under
Polyethylene Encasement

0.7 mils/yr.
0.25” ÷ 0.7 mils/yr.

= 357 yrs.



V-Bio® Polyethylene Encasement



RECOMMENDED ADDITIONAL RESEARCH
(Polyethylene Encasement with an Anti-microbial & Corrosion Inhibitor in film - V-BIO™ )



V-Bio® Polyethylene Encasement



Corrosion Probes under
V-Bio™ Polyethylene Encasement



Design Decision
Model (DDM®)

Presenter Notes
Presentation Notes
Indication of the ability of the environment to conduct electrical current (necessary for corrosion)

Originally measured as conductivity

Resistivity is the reciprocal 

It is the most widely used and is preferred because it is a whole number



The Design Decision Model®

(DDM®)



Likelihood Factors

• Resistivity
• Redox
• pH
• Sulfides
• Moisture Content
• Known corrosive environs
• Chlorides
• Bi-metallic connections
• Ground water influence



Consequence Factors

• Pipe Size
• Pipe Location
• Depth of Cover
• Alternative Water Supply?



The Design Decision Model®

(DDM®)

* *



Design Decision Model®

*

*

*

*



Damaged Polyethylene
vs.

Damaged Bonded Coatings
(Conventional DIP)

– 3 test sites (Everglades, Nevada & Hughes)

– 6 year results
• Accelerated pitting on bonded coatings
• Not accelerated for polyethylene encasement



Everglades Test Site
(Zinc-coated Pipe with Damage & Damaged V-Bio®)

Polyethylene Encased

Polyurethane Coating

Presenter Notes
Presentation Notes
This slide highlights the 1-inch equilateral triangular damage of the V-Bio on ZE 38 specimen.



Sacrificial Anode
Cathodic Protection

AnodeProtected
Pipe Zinc or

Magnesium

Presenter Notes
Presentation Notes
Use this slide to let the audience know that we are not talking about sacrificial anode systems. The potential output and current spread from one of these sources is not enough to generate a stray current problem. (DIPRA is not aware of any instance where stray current corrosion has been due to the presence of a sacrificial anode system.) 




In-Place Cathodic Protection

Presenter Notes
Presentation Notes
Durham, Canada was having corrosion issues, they graphed the number of leaks over time to project, to protect their pipe they opted to do in-place cathodic protection.



In-Place Cathodic Protection

Using auger to drill anode holes    
Attaching anode wire to pipe

using electrical resistance welding

Presenter Notes
Presentation Notes
Durham, Canada. But to save the cost of digging up the road they decided to try and drill down to the pipe and attach the anode within the bore hole.



In-Place Cathodic Protection

Presenter Notes
Presentation Notes
Durham, Canada. They welded the anodes to the pipe and placed them at the correct depth to protect the pipe.



In-Place Cathodic Protection

Presenter Notes
Presentation Notes
After the in-place cathodic protection was installed, they had only 3 breaks vs a projected 636 prior to protection.



Questions ?



Thank you!

Jeffrey J. Butters
Regional Engineer

Ductile Iron Pipe Research 
Association
PO Box 3824
Lake Arrowhead, CA  92352
909.733.7341
jbutters@dipra.org
www.dipra.org

mailto:acox@dipra.org
http://www.dipra.org/
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