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The point of this paper is to offer design strategy to reduce the risk of pinhole piping leaks. In 
practice, once the pinhole leaks show up, it is too late for design changes to do any good. By 
then, the only answer is to replace the entire piping system. Often a failed copper or steel piping 
system is replaced with plastic pipe. 
 
In general, prevailing opinions in the industry (Google it) blame pinhole leaks on other things. 
This paper offers a contrast in opinion, showing correlation (as well as the foundational 
science), between the presence of DC voltage on the piping and the formation of pinhole leaks. 
 
The following 4 customer sites had pinhole leaks. Each of the 4 sites also had DC (Direct 
Current) voltage observed on the piping systems. 
 
During 2012 we had an Atlanta Ga. customer (Jail #1) that had recurring domestic hot water 
copper piping leaks. Previously, each soldered domestic water piping joint in the central plant 
had been redone due to failed soldered joints. The soldered joints had failed again, and we 
visited the site to prepare the quotation for a turnkey repair job (H1). (H = History). 
 
During 2015 we had another Atlanta Ga. customer (Jail #2) that had pinhole leaks throughout 
the domestic cold water and domestic hot water copper piping systems (H2). 
 
During 2016 another Atlanta Ga. customer (Jail #3) also had pinhole leaks throughout the 
domestic cold water and domestic hot water copper piping systems (H3). 
 
During 2018 we had an Atlanta Ga. Elementary School customer (School #1) that had pinhole 
leaks throughout the HVAC water source heat pump schedule 5 steel piping system. The piping 
system was 9 years old, much too young to fail (H4). 
 
Web research came up with a 2002 Symposium Paper 02122 released by the Copper 
Development Association, regarding Copper Piping Tube Pitting. Here is the web link: 
https://www.copper.org/environment/water/NACE02122/nace02122c.html. (W1). (W = Web). 
 
Web research also came up with a 2013 Madison County, IL Needs Assessment Report for the 
Jail where pinhole leaks were reported throughout the domestic cold water and domestic hot 
water copper piping systems. This is Jail #4 (W2).  
 
Web research also came up with a 2004 Romulus NY Professional Consulting Report for the 
Jail where domestic water piping leaks in the domestic cold water and domestic hot water 
copper piping systems were reported. This is Jail #5 (W3). 
 
Web research also came up with a 2006 South Bend IN news article where a newly constructed 
Jail had domestic water piping leaks after only one year. In this case the domestic water piping 
was galvanized steel. This is Jail #6 (W4). 
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Corrosion occurs in nature according to the Galvanic Series (S1). (S = Science). 
 
As an example, electroplating uses DC voltage to force metal from a donor site to a recipient 
site (S2). 
 
Even order harmonics produce DC voltage (S3). 

 
Professional electrical testing was done at School #1 (T1). (T = Testing). 
 
Design Strategy to reduce the risk of pinhole leaks (D1). (D = Design). 
 
 
Sidebar (H1): Pinhole leaks at Jail #1. 
 

 
Figure (H1a): On a hunch, in the domestic hot water plant, we checked for DC voltage on the 
domestic water piping. A view of the red lead of the volt ohm meter. The black lead was pressed 
against a metal floor drain grate (wet). 
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Figure (H1b): A view of the Fluke meter display at 0.168 volts DC, measured from pipe to earth 
ground. 
 

 
Figure (H1c): A view of another test on another day. With an Omega volt ohm meter, we 
measured 0.29 volts DC from pipe to wet floor drain grate (earth ground). 
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Figure (H1d): A view of typical piping corrosion where the solder joints had failed. 
 
Sidebar (H2): Pinhole leaks at Jail #2. 
 

 
Figure (H2a): A view of copper domestic hot and cold water piping with pinhole leaks. 
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Figure (H2b): A closer view of typical pinhole leaks. At each pinhole leak, a rubber strip with 
hose clamp is applied, as a temporary repair. 
 

 
Figure (H2c): A view of removed copper piping with hose clamps in place. 
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Figure (H2d): A view of the hose clamp removed. 
 

 
Figure (H2e): A view of the pinhole (when green nodule poked with screwdriver). 
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Figure (H2f): A view of a similar pinhole looking from the inside. 
 
 

 
Figure (H2g): A view of a 6 inch section of pipe with 4 pinholes.  
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Sidebar (H3): Pinhole leaks at Jail #3. 
 

 
Figure (H3a): A view of pinhole piping failures that were typical throughout the facility. 
 

 
Figure (H3b): A view of pinhole leaks within a mechanical room. 
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Figure (H3c): An interior view of a failed copper pipe. 
 
 

 
Figure (H3d): A view of failed copper piping removed and replaced with CPVC (plastic piping). 
Ultimately, the entire facility was repiped with CPVC (domestic hot and cold water piping). 
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Figure (H3e): A view of DC voltage observed between pipe and floor drain, at Jail #3. 
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Sidebar (H4): Pinhole leaks at School #1. 
 
 

 
Figure (H4a): A view of a pinhole leak in steel schedule 5 piping. The rust stain is from leaked 
water. This piping served an HVAC water source heat pump system. 
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Figure (H4b): Another view of rust stains caused by pinhole leaks. 
 

 
 

Figure (H4c): Another view of rust stains caused by pinhole leaks. 
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Figure (H4d): A view of DC voltage observed from pipe to wet floor slab. 
 

 
Figure (H4e): A view of 15 mA of DC flowing on the domestic water piping (pipe to building 
steel). Later that day we observed 20 mA. 
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Sidebar (W1): Symposium Paper 02122. 

 
Figure (W1a): A view of the title page of Symposium Paper 02122. 
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Figure (W1b): A view of Table 5 in Paper 02122. Note that “grounding of electrical systems” is 
dismissed as having “Little Scientific Basis”. This paper offers a contrasting view, where 
strategic electrical system grounding is key to keeping piping systems out of the grounding path, 
in the context of passing DC harmlessly to earth ground, rather than allowing the building piping 
systems to suffer as the pathway for DC current. 
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Sidebar (W2): Pinhole leaks at Jail #4. 

 
Figure (W2a): A view of the cover page for the 2013 report. 
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Figure (W2b): A view of page 9 of the 2013 report. 
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Sidebar (W3): Piping leaks at Jail #5. 
 

 
Figure (W3a): A view of the cover page for the 2004 report. 
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Sidebar (W4): Piping leaks at Jail #6. 

 
Figure (W4a): A view of the cover page for the 2006 news article. 
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Sidebar (S1): The science of galvanic and DC voltage forced corrosion. 
 

 
Figure (S1a): A partial view of the Galvanic Series. In nature, metals sacrifice to each other in 
accordance to the Galvanic Series. The most stable metals are at the bottom and the least 
stable metals are at the top. Copper is very stable in nature (will sacrifice to silver or gold, for 
example). Iron is more stable than zinc. For example, zinc plating is used on a chain link fence, 
the zinc sacrifices to protect the steel fence material. 
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Figure (S1b): A view of piping solder, containing tin, silver, and copper. Silver is more stable 
than Copper. Although tin is less stable than copper, galvanic corrosion alone should not drive 
solder from the joints. In contrast, the solder would need the push of external DC to be driven 
from the piping joint. 
 

 
Figure (S1c): A view of a magnesium anode and a section of 2” steel angle iron (in a puddle) in 
an unpaved parking lot. The Omega volt ohm meter indicates 1.47 volts DC. This is the galvanic 
potential of magnesium above steel (magnesium at nominal 1.6 volts and rusted steel at 
nominal 0.13 volts).  This magnesium anode is designed to be bolted into a chiller head. In 
practice the magnesium anode sacrifices to protect the cast iron chiller head. 
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Sidebar (S2): DC (Direct Current) voltage is used for electroplating. Electroplating is an example 
of DC voltage forced metal transfer. Here is a web link to copper plate a 25 cent coin: 
https://www.instructables.com/id/High-Quality-Copper-Plating/.  

 
Figure (S2a): A view of the coin plating in action. A copper pot scrubber is used as the donor. 
The quarter is the recipient. A dry cell 6 volt DC battery is the driver. Note that AC (Alternating 
Current) will not cause metal transfer (AC will not cause pinholes). 
 
 
Sidebar (S3): Even order harmonics have a DC signature. In contrast, odd order harmonics are 
harmless to pipe, having an AC (Alternating Current) voltage signature only. 
 

 
Figure (S3a); A view of harmonics generated. A half wave rectifier generates even order 
harmonics. In contrast, a full wave rectifier does not generate even order harmonics. Odd order 
harmonics are typically produced by building lighting systems and motor VSDs (Variable Speed 
Drives). 
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Figure (S3b): A view of a single diode rectifier as compared to a full wave rectifier. The full wave 
rectifier is a 4 diode bridge. However, with the failure of just one of the 4 diodes, the full wave 
rectifier operates as a single diode rectifier (makes even order harmonics). With the single diode 
rectifier, the bottom hump is orphaned. The orphaned bottom humps show up at the neutral of 
the dry transformer and are passed through the ground wire. In a school, hundreds of laptop 
chargers are used. Partially failed laptop chargers are a likely source of even order harmonics 
(failed rectifier bridge, with one diode failed), creating a DC signature. 
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Figure (S3c): Another view of even order harmonics. Even order harmonics are not symmetric 
about the null axis. This creates the DC signature that is passed to the earth ground. 
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Figure (S2d): A view of a typical dry type indoor transformer. The even order harmonics are 
passed from the transformer neutral to the building ground as shown. The system bonding 
jumper from the dry transformer is typically conduit (not wire). Because the system bonding 
jumper grounding path is in parallel with the building steel, this places the piping system in 
parallel with the building steel, as a conductive grounding path. Especially if the dry transformer 
bonding jumper (conduit) is compromised. An idea is to go ahead and use wire for the bonding 
jumper rather than just using the conduit, so that the path of least resistance is the wired ground 
pathway rather than the building piping systems. 
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Figure (S2e): A partial view of a jail door unlocking system one line diagram. The DC power 
supply is 24 volts DC, with a floating ground. The power supply is a likely source of even order 
harmonics, given the similar piping failures we have seen in Jails. The even order harmonics 
creates a DC signature that is passed onto the piping systems. 
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Figure (S2f): A view of another DC voltage source within a building. Originally, we thought the 
source of the DC voltage on the HVAC piping was DC ground faults in the fire alarm or security 
systems. Both the fire alarm system and the security system have lead acid batteries for 
backup. Each 12 volt DC battery is similar in size to a motorcycle battery. Other DC battery 
chargers in the building include laptop chargers, and the UPS battery charger for the IT servers. 
As a test, we pulled the leads from each lead acid battery. This had zero effect in reducing DC 
voltage on the piping. 
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Sidebar (T1): Professional testing done at School #1. 
 

 
Figure (T1a): A view of the AstroNova testing equipment, set up on site. Initial testing was done 
with the Omega volt ohm meter. The measurement showed nominal 0.4 volts DC on the HVAC 
piping system (pipe to earth ground). Follow up electrical testing was done with a high end data 
logging system (AstroNova). The data logging was done for the HVAC piping system, as well as 
the plumbing piping system and the fire protection (sprinkler) piping system. Each AstroNova 
test was done for 3 minutes, collecting 900,000 electrical samples during each 3 minute test 
(180 seconds per test). This is 5,000 samples per second. For the HVAC piping system, the 3 
minute test data indicated 0.409 volts DC. When zoomed in to display only 80 data points, the 
displayed data was also 0.409 volts DC. For the Plumbing piping system, the 3 minute test data 
indicated 0.898 volts DC. When zoomed in to display only 80 data points, the displayed data 
was 1.028 volts DC. For the Fire Protection piping system, the 3 minute test data indicated 
0.423 volts DC. When zoomed in to display only 80 data points, the displayed data was 0.432 
volts DC. 
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Figure (T1b): A view of the inductive donut sensor used on the HVAC piping (at the HVAC loop 
pump).  
 

 
Figure (T1c): A view of even order harmonics found in the AstroNova data. Even order 
harmonics as compared to 60 hz are 120, 240, 360, 480, 600, etc. We found even order 
harmonics at both 240 hz and 600 hz (fourth order and tenth order). 
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Figure (T1d): A fall of potential test was also done to test the earth triad. The test results in the 
report appeared to be within specification. 
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Figure (T1e): A view of a rough schematic showing the existing grounding arrangement. The 
schematic design for the remedial grounding work is shown in red. The AC grounding at the 
incoming domestic water line was observed to be arranged as a voltage divider. We measured 
10 ohms across the RPZ (Reduced Pressure Zone) backflow preventer. We measured a DC 
current of 20 mA flowing from the incoming domestic water line to the building steel. When we 
applied a jumper wire between the incoming domestic water line and the building steel, the DC 
current dropped to zero. 
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Sidebar (D1): Design strategy to reduce the risk of pinhole piping leaks. 
 

 
Figure (D1a): A view of remedial grounding work done at School #1. The green scope is adding 
a bonding conductor at each dry transformer to cleanly pass the even order harmonics to earth 
ground, attempting to keep the building piping systems out of the grounding circuit. The orange 
scope is bonding conductors to neatly tie everything to a common earth ground. Again, the idea 
is to keep the building piping systems as the least preferred grounding path (using the wired 
grounding path as the path of least resistance). 
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Figure (D1b): An enlarged view of the note 4 scope (green scope on previous figure). To bolster 
the grounding path from the dry transformer back to the earth ground, a grounding conductor is 
added under note 4, rather than just using the metal conduit as the grounding path. This 
reduces the risk of the piping system being used as a parallel grounding path for the orphaned 
even order harmonics.  
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Figure (D1c): A view of some of the retrofit work. 
 

 
Figure (D1d): Another view of some of the retrofit work. This photo is the domestic water entry, 
note that the grounding clamp is on the street side of the main shutoff valve (not on the building 
side). If this was a flanged connection, the ground clamp would go on the street side of the 
flange. 


