Investigation into Copper Pitting
Corrosion Occurring in Homes of
Loudoun County Consumers







Recent Advances in the Understanding and
Fundamental Science of Copper Pinhole Leaks
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Background
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National Telephone Survey Results

Source: AwwaRF Project 3015







Life of Copper

Lifespan of New Copper Pipe
Until 1st Leak




Pinhole Leaks
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Copper Pitting




Copper Pitting Causes

None of these seem to apply to your system
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Typical Problem
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PVC/Cu Junction




Forensic Evaluation: Key Points




Holes only at end of CPVC Connection




Remainder of the Pipe Not Experiencing Aggressive Corrosion




Doesn’t appear to be any glue at the edge of
the CPVC where the pitting is occurring







Hypothesis Regarding Cause




Classic Pitting Model;
Cathodic and Anodic Reaction

3) Cathodic
Reaction: 4) ClI-, SO,2

HOCI+H ++2e- Cl-+HL
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| 1) Anodic Reaction in Pit:
Cu'® Cut+e
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Classic Pitting Model;
Cathodic and Anodic Reaction

Once initiated
becomes self-
perpetuating

Cl- > 1000 ppm
S04-2 > 1000 pph

|
i Pipe Wall




2 FACTORS NECESSARY FOR
PITTING
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FOCUS ON PROBLEM AREA




Key Aspects

Crevice
Gasket

Low Flow]

Flow




Step 1: Pipe/Crevice Fills

Gasket




Step 2: Corrosion Proceeds

( Gasket
HOCI + H ++ 2e- Cl-+ HZO ¢CU+2
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Step 3:Crevice Becomes Like a Pit

2 e-
<« Gasket

HOCI +H ++2e  Cl-+HP Cut? pH 2-3

/ Cl- > 1000 ppm
@ S04-2 > 1000 ppb




Step 4: Pit is Initiated

2 e-
€« Gasket

HOCI+H++2e  Cl-+H.0 Cut? pH 2-3

< Cl- > 1000 ppm
@ S04-2 > 1000 ppb




Step 5:Attack concentrated at

Interface

Leak
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HOCI+H++2e Cl-+HP ¢ e pH 2-3

Cl- > 1000 ppm
@ S04-2 > 1000 ppb

Gasket




Practical Test of Hypothesis




Conclusions
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Recommendations




Corrosion Inhibitors
#




Cathodic Inhibitor

2) Cl, SO,

“" h Zn(O) or ZnPO ,

;Pipe Wall
|

3) Anodic Reaction in Pit:
Cus Cu +e
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2) Cl, SO,

L Insoluble
Phosphate
Scale

i Pipe Wall

3) Anodic Reaction in Pit:
Cus Cu +e




Typical Anodic Inhibitor
Response Curve




