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Minimizing Peak Lead Concentrations  
After Partial Lead Service Replacements 

 
 

John Joseph Wujek, PE  -  Baker Killam Joint Venture 
 

 
The District of Columbia Water and Sewer Authority (DC WASA) has approximately 
130,000 service connections of which approximately 23,000 are reportedly lead service 
lines.  Since 2002, lead sampling and testing conducted as part of the Lead and Copper 
Rule (LCR) has shown that more than 10% of the residences sampled exceeded the Lead 
Action Level of 15 ppb.  As a result, DC WASA must replace 7% of the lead water 
service lines in the system every year that the system is not in compliance with the Lead 
Action Level.  The following summarizes DC WASA’s lead service replacement 
program and the steps that were undertaken to minimize lead levels to consumers taps 
after partial lead service line replacements. 
 
The configuration of a typical DC WASA water service line is shown in Figure 1. The 
water service line extends from a corporation stop on the water main to the building it 
serves, and includes a meter located in a small vault in public space and a shut-off valve 
(curb stop) at the property line.  

 
Figure 1- Typical Water Service Line in the DC WASA System 

 
 

As shown in Figure 1, a typical water service line includes a public space portion and 
private property portion. For lead service line replacements, the LCR requires that DC 
WASA replace the public space portion and offer the property owner to replace the 
portion of the lead service line on private property at cost.  If the property owner elects 
not to have the portion of the lead service line replaced, and DC WASA replaces all of 
the lead piping in public space, this is considered a partial lead service replacement.  The 
LCR requires that follow-up sampling be performed for partial lead service replacements.  
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The sequence of construction for lead service replacement in the DC WASA system is as 
follows: 
 
¾ A test pit is performed to field verify the service line material type.  Test pits that 

reveal non-lead service lines are backfilled and the area is restored to pre-existing 
conditions. 

¾ The area around the corporation stop connection to the water main, meter and 
property line is excavated to provide access for removal and replacement of the 
lead piping.   

¾ Lead service lines are replaced with copper piping by either open cut or trenchless 
methods, i.e. snaking or moling.  

¾ The existing corporation stop, meter box, meter setter and shut-off valve (curb 
stop) are removed and replaced within public space.   

¾ If the property owner authorizes and pays to replace the portion on private 
property, the DC WASA contractor replaces the lead service line from the 
property line to the first fitting inside the building including the installation of a 
shut-off valve and a pressure reducing valve.   

¾ The new water service line is flushed and put back into service.  

¾ The excavations around the new water service line are backfilled and the area is 
restored to pre-existing conditions. 

 
As required by the LCR, prior to a partial replacement, DC WASA notifies the resident 
that a temporary increase in lead levels may be experienced, and to flush the service line 
before cooking or drinking.  In addition to this notification, DC WASA included 
notifications at least 48 hours before construction as a door hanger and within the 
sampling kit that was distributed for collecting post replacement lead samples.  Sampling 
kits are delivered to the customer the day a partial replacement is made.  The LCR 
requires that DC WASA sample and test at the customer’s tap within 72 hours and report 
the results of the analysis to the property owner and residents within three business days 
of receiving the results.  
 
Upon review of partial replacement sampling results, it was identified that some of the 
customers had very high lead levels (>1000 ppb).  The high lead levels may have been a 
result of insufficient flushing to remove lead particles that are derived from the 
installation process; or the disturbance/exposure of the “cut” joint where the existing lead 
service line is “cut” and connected to the new copper piping.  Over the past two years DC 
WASA has developed a “service line profile” procedure to determine the lead 
concentration of lead along the entire length of the service line. Although profile 
sampling undertaken by DC WASA of previous partial lead service line replacements 
indicated that overall lead levels were reduced after replacement (Giani, Edwards et al 
2004), in April 2004 the DC Department of Health (DOH) advised DC WASA to 
conducted further testing to determine the duration of the temporary high lead levels and 
establish construction practices that would result in lower lead levels following partial 
replacement.     
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Subsequently, the following sampling protocol was by developed DC WASA in 
coordination with the US Environmental Protection Agency (US EPA) and DOH:  
 
¾ Coordinate with the homeowner to obtain consecutive samples from the kitchen 

sink after no water usage for at least 6 hours. 

¾ Based upon plug flow through the interior plumbing system and water service, 
sample at predetermined intervals to obtain: three samples from the internal 
plumbing; three samples from the water service line; three samples of water from 
the main passing through the water service; one sample after a three minute flush; 
and one sample after a ten minute flush. 

¾ The aerator / screen on the kitchen sink outlet was removed prior to performing 
the sampling. 

¾ Analyze the samples for total lead. 
 
The objective was to sample at multiple addresses before and after a partial lead service 
replacement to determine: 1) the duration of the temporary high lead levels; and 2) to 
evaluate various pipe cutting techniques.  Three methods of cutting the existing service 
lines were used: hacksaw, tube cutter, and pipe lathe.   
 
Sampling was conducted before the partial lead service replacement, immediately after 
cutting and flushing, and regularly for a period of fourteen days after the service lines had 
been replaced.  Sampling was performed by DC WASA staff in cooperation with the 
homeowner. 
 
Seven addresses were sampled as part of this program and the breakdown of cutting 
methods used for the partial replacements were: four addresses with a hacksaw; two 
addresses with a pipe lathe; and one address with a pipe cutter.  
 
The seven addresses that were selected for this program had very similar building 
plumbing and water service line configurations.  Sampling was performed at the 
following intervals:  

1) 1st liter of water;   
2) 2nd liter of water; 
3) 4th liter of water; 
4) 6th liter of water; 
5) 8th liter of water; 
6) 11th liter of water; 
7) 14th liter of water; 
8) 18th liter of water; 
9) 22nd liter of water; 
10) 3 minute flush; and 
11) 10 minute flush. 
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Eighteen pre partial service replacement sampling profiles at the seven addresses were 
conducted.  The average pre partial lead service line replacement sampling results are 
shown in Figure 2.  In summary the average results are consistently above the Lead 
Action Level for the samples within the internal plumbing (Samples 1, 2 and 3) and lead 
water service (Samples 4, 5 and 6).  The sample results from the water in the water main 
passing thru the lead service (Samples 7, 8, 9, 10 and 11) were all below the Lead Action 
Level.    

 
Figure 2 – Pre Partial Replacement Sampling Results 
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After the pre partial replacement sampling was performed, the DC WASA contractor 
replaced the lead service line in public space with copper pipe using the cutting methods 
specified herein.  As a result, for each of these addresses, approximately 15 feet of lead 
service piping remained from the property line to the building face. Immediately 
following construction, the water service was flushed and the post partial replacement 
sampling was performed.  Forty-five post partial replacement sampling profiles at the 
seven addresses were performed.  
 
The average post partial lead service line replacement sampling results are shown in 
Figure 3.  In summary the results are consistently below the Lead Action Level for all the 
samples within the internal plumbing (Samples 1, 2 and 3), copper service line (Samples 
5 and 6) and the water from the water main passing thru the lead service Samples 7, 8, 9, 
10 and 11). The average results for the water in contact with the partial lead service 
(Sample 4) were above the Lead Action Level.   
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Figure 3 – Post Partial Replacement Sampling Results 
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In comparing the results from the day immediately following construction to each of the 
sampling dates for fourteen days after construction there were no significant changes in 
the lead levels observed.  
 
A total of 687 sample results were used to develop 63 profiles, which were included in 
the analysis.  The following two very high 2nd liter sample results from the same address 
were excluded from the analysis:  

¾ 15,888 ppb pre partial replacement (all other results were <350ppb); and  

¾ 854 ppb post partial replacement (all other results were <70ppb).  

These two very high 2nd liter results may have been from particulate lead dislodged when 
the aerator was removed and were deleted from the analysis. 
 
Ultimately, the sampling results are a clear indication that flushing immediately 
following a partial lead service replacement reduces lead levels that may have been a 
result of construction.  The sampling also showed that the disturbance/exposure of the 
end of the existing lead service line where it is “cut” and connected to new copper piping 
does not significantly increase lead levels in the delivered water.  
 
Overall, the average results of the pre and post partial replacement sampling performed 
are shown in Figure 4. 
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Figure 4 – Pre & Post Partial Replacement Sampling Results 
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The following flushing requirements were implemented immediately following the 
replacement of a lead service:  

¾ the contractor flushes the service at an external hose bib of the connected building 
for at least fifteen (15) minutes; or  

¾ if unable to perform the flushing from the external hose bib, inform the customer 
of the need for appropriate flushing (generally 15 minutes from a faucet). 

Upon analysis of the different cutting methods, there was very little difference in the final 
lead levels based on the manner in which the pipe was cut.  The following summarizes 
the results of the different types of pipe cutters used: 

¾ Pipe Lathe Pre to Post Sampling Results dropped 71%  (see Figure 5) 

¾ Hacksaw Pre and Post Sampling Results dropped 65% (see Figure 6) 

¾ Pipe Cutter Pre and Post Sampling Results dropped 62% (see Figure 7) 
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Figure 5 – Pre & Post Partial Replacement Sampling Results – Pipe Lathe 
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Figure 6 – Pre & Post Partial Replacement Sampling Results – Hacksaw 
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Figure 7 – Pre & Post Partial Replacement Sampling Results – Pipe Cutter 
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Conclusion 
 
For each cutting method the average results were reduced significantly, which is a clear 
indication that any of the cutting methods for a partial lead service replacement are 
effective.  However, flushing immediately following a partial lead service replacement 
may be the most important factor in reducing lead levels immediately following partial 
replacement.    
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