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Rosemary Chiavetta, Secretary 
Pennsylvania Public Utility Commission 
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400 North Street, 2nd Floor North 
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Harrisburg, PA 17105-3265

Re: Docket No. P-2016-2577404, Order Provision, York Water Corrosion Control Evaluation

Dear Secretary Chiavetta:

Subject Order directs The York Water Company to provide the Joint Petitioners with a copy of 
the evaluation of the Company's corrosion control treatment system as required under 
paragraph 3(f) of the Consent Order and Agreement with DEP.

Enclosed please find a copy of the evaluation. York Water is scheduled to meet with 
representatives of DEP later this month to discuss the results of the evaluation.

Copies will be provided to the Joint Petitioners as indicated on the Certificate of Service.
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J ____
Chief Operating Officer
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1. Introduction

The York Water Company treats water withdrawn from the South and East Branch of the Codorous Creek, 
which then becomes the primary source of drinking water for 48 municipalities within York County and 
Adams County. The York Water Company serves over 66,000 residential, commercial, and industrial 
customers, corresponding to over 194,000 people, and supplies nearly 20 million gallons of water every 
day.

The water filtration plant (WFP) operated by York Water Company is a surface water plant with a design 
capacity of 38.65 mgd. Plant processes include pre-treatment chemical addition, flocculation/clarification 
using inclined plate settling basins, and filtration using dual-media filters. Currently, the WFP uses 
potassium permanganate as a pre-oxidant, alum as the primary coagulant, and powdered activated carbon 
for taste and odor. Sodium hypochlorite is used in the WFP as a pre- and post-oxidant to achieve primary 
disinfection, which is followed by ammonia addition to form chloramines. Lime and caustic soda are used 
for pH and alkalinity adjustment. Finished water is stored in two clearwells each with a capacity of 16 
million gallons. A layout of the WFP is shown in Figure 1-1.
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EAST BRANCH CODOROS CREEK

(pH

Figure 1-1: The York Water Company water processing flow chart.
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1.1 Project Purpose and Background

Corrosion control is essential for public health, regulatory compliance, preservation of distribution system 
materials, and maintaining water quality throughout the distribution system. Corrosion can lead to the 
failure of distribution system materials and the leaching of metals, such as lead and copper, into drinking 
water. The Lead and Copper Rule (LCR) was promulgated in 1991 by the United States Environmental 
Protection Agency (USEPA). This regulation established 90,h percentile action levels for lead (15 pg/L) 
and copper (1.3 mg/L) in drinking water.

The York Water Company currently uses pH/alkalinity/DIC for corrosion control. Since the promulgation 
of the lead and copper rule, 90Ih percentile levels for both lead and copper have remained below the action 
level from 1993 through 2016. Recent triennial lead and copper testing conducted by the York Water 
Company in 2016 found elevated levels of lead in drinking water in some homes/buildings, particularly 
those homes with lead service lines built before 1935. 90,h percentile lead results exceeded the EPA action 
level by 1 part per billion (action level is 15 parts per billion). 1 lazen and Sawyer (Hazen) has been retained 
to conduct a desktop evaluation of the current corrosion control methods and determine operational and/or 
treatment measures to reduce lead levels in the distribution system. This study involves a desktop evaluation 
of historical and current water quality conditions throughout the York Water Company distribution system. 
Findings from this desktop evaluation are presented in this report and will serve as a tool in deciding the 
best course of action for York Water Company to maintain water quality and ensure adequate corrosion 
control throughout the distribution system in the future.

York Water Company
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2. Evaluation of Lead and Copper

2.1 Regulatory Requirements

As a result of the Sale Drinking Water Aet (SDWA) Amendments of 1986, the USEPA published final 
drinking water regulations for lead and copper in the June 7, 1991, federal Register (56 FR 26460). Known 
as the Lead and Copper Rule (LCR), these regulations established concentrations above which additional 
action is required to reduce lead and copper concentrations in drinking water. These 90Ih percentile action 
levels are 15 pg/L for lead and 1.3 mg/L for copper. The Lead and Copper Rule also requires monitoring 
of water quality parameters (WQP's) to ensure that water quality targets are consistently achieved.

The Lead and Copper Rule 2007 Short-Term Revisions and Clarifications Implementation Guidance issued 
by the USEPA became effective December 10, 2008. This document makes several targeted regulatory 
revisions to the existing national primary drinking water regulations (NPDWRs) for lead and copper. The 
revisions enhance the implementation of the LCR in areas of monitoring, consumer awareness, and lead 
service line replacement. These short-term revisions are intended to improve compliance with public 
education requirements of the LCR, and ensure that drinking water consumers receive information 
necessary to limit their exposure to lead in a timely manner.

The Lead and Copper Rule is specifically concerned with controlling metal release. The release of metal 
into water can occur in three forms; dissolved, colloidal, and particulate and can be bound with other 
compounds such as iron and aluminum. One of the most important factors in determining metal release is 
the scale that forms at the pipe-water interface. Pipe scales are complex and are divided into two categories:

• Deposited Scale: This scale is formed as constituents in the water (such as carbonates, calcium, 
iron, manganese, and aluminum) precipitate out, sorb to, and build up on the pipe surface.

• Passivatimz Films: This type of scale is formed as a result of a direct reaction between the pipe 
material and compounds dissolved in water (phosphates, silicates, carbonates).

Most pipes have layers of scale, which have been influenced by historical water quality and treatment 
changes. Since different scales will react differently to various corrosion control strategies, understanding 
the structure and compounds in an existing scale is important when trying to choose an effective corrosion 
control strategy for a given system.

There are two general corrosion control techniques approved by the USEPA LCR according to updated 
guidance provided in 2016. These strategies include the following:

• pH/Alkalinitv/DIC Adjustment: In systems where pH/Alkalinity/DIC adjustment is used for 
corrosion control, pipes scales are usually dominated by a carbonate scale. These carbonate 
containing scales are often off-white and slightly chalky when dry (Schock and Lytle, 2011). 
Characteristics of a scale will influence the amount of lead and copper released to the water.

• Corrosion Inhibitors: Corrosion inhibitors such as phosphates have proven to be an effective 
strategy for controlling corrosion in drinking water systems. Orthophosphate reacts with

York Water Company
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divalent lead and copper (i.e., Pb and Cu ') to form compounds that have a strong tendency 
to stay in solid form and not dissolve into water. The extent to which orthophosphate can control 
lead and copper release depends on the orthophosphate concentration, pi I, D1C, and the 
characteristics of the existing corrosion scale (e.g., whether it contains other metals such as iron 
or aluminum). Phosphate doses for a successful treatment program are usually in the 1.0 to 2.0 
ppm, as P, range. This technology provides a protective coating by film forming action that 
develops through a controlled deposition process.

2.2 Sources of Lead and Copper

The main sources of lead and copper in drinking water are the materials used for company owned and 
privately owned service lines, which deliver water to homes and businesses, and interior piping, which 
distribute water within the homes and businesses. These include lead and copper piping, lead solder, and 
brass components such as fittings and faucets. Studies have shown that lead service lines are a significant 
source of lead and that brass may also be a significant source of both lead and copper depending on water 
quality conditions (Kimbrough, 2009, Sandvig et al., 2008). Lead solder may also contribute to lead in 
drinking water. Leaded joints are usually not a significant source of lead in drinking water since the joint 
is usually on the outside of the pipe and not in direct contact with drinking water. Sources of copper include 
copper pipe (both service line and interior piping) and brass fixtures (typically 60-90% copper by weight). 
Copper release is typically higher in newer plumbing. Copper pipe will typically passivate (form a scale 
with low solubility and low copper release) over time. The amount of time needed for this passivation is 
dependent upon water quality. Water quality parameters which largely impact the release of lead and copper 
into drinking water are typically pH, alkalinity, dissolved inorganic carbon (DIC), phosphate, silica, 
chloride, sulfate, and temperature.

Known sources of lead within the York Water Company's water distribution system include lead solder in 
household plumbing, brass fixtures, as well as lead service lines. York Water conducted a materials 
evaluation in accordance with 25 Pa. Code § 109.1103(g)( 1). As a result of the evaluation, York Water 
identified approximately 1,660 Company-owned lead service lines (Figure 2-1). York Water has a detailed 
plan to replace all of these Company-owned lead service lines within four years (by the end of 2020). At 
the date of this report, the Company's records indicate there are approximately 1,250 Company-owned lead 
service lines remaining. York Water Company has been actively replacing these company owned lead 
service lines. Prior to 2016, York Water Company was primarily replacing company owned LSLs (i.e., 
partial replacement). After 2016, if a privately owned lead service line is identified during the removal of 
a company owned lead serv ice line, York Water Company will remove the privately owned lead service 
line as well.

York Water Company
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2.3 Historical Lead and Copper Compliance

2.3.1 Historical Lead Levels

The main sources of lead in the York Water System include lead service lines, lead-based solder, and brass 
materials used in fittings and faucets. Lead leaching is a principal concern in systems containing lead service 
lines as these service lines can release lead into the drinking water.

There are a number of factors that influence the release of lead into drinking water. The effect of pH on 
lead solubility is significant, and many utilities can substantially reduce lead levels by simply increasing 
pi I. In some waters, low levels of alkalinity (e.g. below about 50 mg/L as CaCO.O may increase lead release 
(Nguyen et al., 2010); while higher levels of alkalinity may help reduce lead levels. pH adjustment is more 
common and is generally more cost effective than alkalinity adjustment.

Orthophosphate is effective in controlling lead release; however, polyphosphates used to sequester iron and 
manganese can also sequester lead, increasing lead concentrations and the risk of exposure. Research has 
shown that polyphosphates are generally not effective in controlling lead and copper corrosion (Holm and 
Schock, 1991; Dodrill and Edwards, 1995; Cantor et. al, 2000).

Natural organic matter (NOM) may also have an impact on lead release. NOM in finished water can help 
the formation of protective films, however, research has also shown that higher levels of NOM can react 
with corrosion products to form soluble lead complexes, increasing lead levels in drinking water (Korshin 
et al., 2000). Table 2-1 summarizes factors that contribute to the release of lead into drinking water.

Table 2-1: Summary of Water Quality Parameters Affecting Lead Release.

Parameter Impacts on Lead Release

pH
• Higher lead release with lower pH due to increased solubility
• Significant reductions in lead release by increasing pH

Alkalinity • Low levels of alkalinity can increase lead release

Phosphate

• Orthophosphate is very effective for reducing lead release

• Polyphosphates provide limited benefit for lead corrosion and can increase lead 

release in some by sequestering lead compounds, keeping them in solution.

• Polyphosphates are not effective in controlling lead release.

• Blended poly/orthophosphate inhibitors may be effective in some waters to 

sequester iron and manganese and control corrosion of lead and copper.

Natural Organic Matter 

(NOM)

• Low concentrations can help in the formation of protective films, decreasing lead 

release. Higher concentrations can increase lead release from solder and brass.

• May react with corrosion products to form lead complexes, increasing lead 

levels in drinking water.

York Water Company
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York Water Company collected lead and copper samples from 60 locations in the distribution system every 
year between 1992 and 1994. In 1992, York Water Company measured elevated lead levels in the 
distribution system. In 1993, as a response to the elevated measured lead levels, York Water Company 
increased the finished water pH from 7.7 to 8.2 to enhance corrosion control. This increase in pH reduced 
lead levels in the distribution system. York Water Company has been collecting lead and copper samples 
from 50 locations in the distribution system triennially since 1994. Figure 2-2 is a summary of the York 
Water Company's historical lead compliance sampling data. From 1993 until 2016, all 90,h percentile lead 
sampling results remained below the lead action level. In 2016, samples collected had a 90,h percentile 
concentration of 16 pg/L, which exceeded the action level by 1 pg/L. York Water Company conducted 
another round of compliance sampling within the first quarter of 2017 at 100 sampling locations. Samples 
collected in 2017 were well within the regulated limits of the LCR rule with a 90th percentile concentration 
of 7.4 pg/L.

Figure 2-2: Historical Lead Compliance.
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2.3.2 Historical Copper Levels

Copper pipe is the most common plumbing material in existing homes today. Although pitting corrosion in 
copper pipe can occur in some conditions, uniform corrosion is typically responsible for release of copper 
to drinking water. The Lead and Copper Rule action level requires that the 90th percentile copper 
concentration of first-draw samples at the tap be below 1.3 mg/L.

Multiple water quality parameters can affect copper corrosion and concentrations in drinking water. Pipe 
age and physical conditions also influence copper corrosion. Over time, copper pipe passivation can lead 
to the natural formation of a low solubility internal scale. The duration of this transition is dependent on 
water quality parameters such as pH, alkalinity, NOM, and phosphate. Copper concentrations are often 
found to be highest in new construction (e.g. <5 years old). However, these sites are not typically monitored 
since the Lead and Copper Rule site selection criteria focuses on older homes with greater risk of lead 
corrosion. Future Long-Term Revisions to the Lead and Copper Rule may include regulatory changes that 
would require separate site selection and sampling of new construction for copper (Slabaugh et al, 2015; 
USEPA, 2015; Roth et al. 2016). While CPVC piping is most common in new construction today, copper 
piping is still being used in new construction and newer brass fixtures would also increase copper levels if 
sampled.

pH is known to be the most significant factor affecting copper release, with elevated copper release often 
being associated with low pH (e.g. <7.4). Increasing the pH reduces copper solubility (Schock et al, 1995), 
which helps to explain why pH/alkalinity adjustment is often an effective corrosion control strategy for 
reducing copper concentrations in drinking water (Brown et al, 2013).

Alkalinity increases copper release due to formation of soluble copper complexes with bicarbonate. The 
impacts of alkalinity are magnified at low pH levels, while higher pH tends to diminish the impacts of 
alkalinity on copper release. Utilities with an alkalinity greater than approximately 90 mg/L as CaCOs were 
reported to have a higher likelihood of 90,h percentile copper concentrations exceeding the Action Level 
(Dodrill et al, 1995). Thus, water with a combination of high alkalinity and low pH is often thought to be 
associated with the highest copper concentrations.

Corrosion inhibitors can be added to control copper corrosion. Orthophosphate is generally effective for 
reducing overall copper concentrations at the tap. Performance of orthophosphate is dependent on pH and 
alkalinity, and optimizing the pH is beneficial to maximizing inhibitor effectiveness (Dodrill et al, 1995; 
Cantor et al, 2000; Edwards et al, 2002). The greatest benefit of inhibitors is in waters with low pH, 
especially when raising the pH for corrosion control is not feasible due to increased precipitation of calcium 
carbonate, or other unintended consequences. However, the presence of orthophosphate inhibits the 
formation of an insoluble copper oxide scale on the pipe interior. Therefore, in some cases, phosphate can 
increase copper solubility in the long term compared to natural pipe passivation (Edwards et al, 2002; 
Arnold et al, 2012). Polyphosphates, typically added as a sequestering agent for iron, can increase soluble 
copper concentrations in drinking water (Cantor et al, 2000; Edwards et al, 2002).

York Water Company
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Natural organic matter (NOM) can increase copper concentrations by inhibiting the formation of a low- 
solubility scale on the pipe interior (Edwards et al, 2001; Li et al, 2004). Higher levels of NOM can also 
reduce the effectiveness of orthophosphate corrosion inhibitors, requiring a higher orthophosphate dose for 
equivalent corrosion control (Li et al, 2004). At low levels of NOM, accelerated pipe passivation and 
formation of a low-solubility scale can result in low copper concentrations (Edwards et al, 2001; Arnold et 
al, 2012). Table 2-2 summarizes factors that contribute to the release of copper into drinking water.

Table 2-2: Summary of Water Quality Parameters Affecting Copper Release.

Parameter Impacts on Copper Release

pH
• Higher copper release with lower pH due to increased solubility

• Significant reductions in copper release by increasing pH

Alkalinity
• Higher alkalinity increases copper release

• Greater impacts of alkalinity on copper release with lower pH

Phosphate

• Orthophosphate is generally effective for reducing copper release

• Polyphosphates provide limited benefit for copper corrosion and can increase 

copper release in some cases.

Natural Organic Matter 

(NOM)

• Above a certain threshold, NOM increases copper release to water

• Inhibits copper pipe passivation by interfering with the formation of an low 

solubility internal scale

Figure 2-3 summarizes York Water's historical copper compliance sampling. Since 1992, all copper 
sampling results have remained well below the copper action level. While the exact requirements of the 
long-term revisions to the Lead and Copper Rule have not been promulgated, if the ERA were to require a 
maximum household copper level at the current action limit of 1.3 mg/L, York Water would likely remain 
in compliance with the LCR. as graphically shown by the maximum concentration level during each 
sampling period.

York Water Company
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Sampling Year

Figure 2-3: Historical Copper Compliance.

The spatial distribution of copper concentrations throughout the York Water system was also analyzed. 
Copper concentrations at each sampling location were reviewed for the sampling years 1992 through 2017. 
While copper concentrations (90th percentile and maximum concentration) remained relatively stable 
system wide over this time period, the copper levels fluctuated at each sampling location. Since there was 
no value that exceeded the 1.3 mg/L action level, any copper sample with a result of higher than 0.1 mg/L 
was plotted on a map and presented in Figure 2-4. In general, moderate copper results (0.1 to 1.3 mg/L) 
were frequently observed on the north side, and on the east side of the City. Some of these locations 
overlapped with the sampling locations that contained moderate to high levels of lead.

York Water Company
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2.4 Sequential Sampling Analysis

The Lead and Copper Rule requires that lead and copper compliance samples must be 1-Liter of water 
collected from a faucet or spigot's “first-draw”. This means that the bottle must be open and under the 
faucet before the water is turned “on”. This method will only collect water that has remained stagnant in 
the immediate vicinity of the faucet. When a system contains lead serv ice lines, first draw samples may not 
contain the highest lead levels. Instead, water upstream of the first draw, sitting in the lead service line, is 
likely to contain the highest lead levels. Drawing sequential samples will confirm lead levels from the tap 
to the lead service line.

York Water Company conducted a sequential sampling test in summer 2016 to investigate and understand 
potential corrosion of lead and copper within internal plumbing and service lines. This was well beyond 
what is required by the USEPA or the Pennsylvania DEP. At six sampling locations (with some locations 
containing lead service lines), six sequential samples were collected. Therefore, a total of six liters were 
collected from each location. Lead and copper results of the sequential sampling are presented in Figure 2- 
5 and Figure 2-6, respectively.

25.0

u.u ■ 1 2 3 4 5 6
6.0 9.1 8.2 3.4 3.2 2.9

— B 6.1 6.8 6.6 7.9 9.6 9.6
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2.7 2.6 2.6 2.5 2.4 2.4

------ E 9.2 21.0 14.0 12.0 11.0 10.0
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Figure 2-5: Sequential Lead Sampling at Six Locations
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Figure 2-6: Sequential Copper Sampling at Six Locations

While all of the copper samples had concentrations below the action limit (Figure 2-6), some of the lead 
samples were close or above the action limit (Figure 2-5). Presence of high levels of lead within the first- 
draw sample can be associated with the brass fixtures manufactured before 2014. which can contain lead 
(up to 8% by weight), or associated with water that previously sat in a lead service line. Second draw 
samples and any samples following can be associated with the galvanic corrosion of lead solder. Lastly, 
last draw samples can potentially be associated with the service line. It should be noted that, in general, 
water associated with the service line is collected in samples 8 to 12 liters. The exact volume of sample is 
dependent on the length and diameter of the piping within the residence. Based on Figure 2-5, lead levels 
observed at sample location “E” could be attributed to the solder used within the residence, or with water 
that previously sat in a lead service line.

Due to lead levels >15 pg/L observed at sampling location “E”, follow up testing was conducted by York 
Water Company. During the follow up sampling, a more detailed evaluation of the internal piping at 
location “E” confirmed that water that recently resided in the lead service line was not sampled until 
sequential sample #9 (9 liters). After the replacement of the lead service line, a second follow-up sampling 
was conducted. The results of follow up sampling are presented in Figure 2-7 and Figure 2-8 for lead and 
copper, respectively.
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Figure 2-7: Follow-up Lead Sampling at Sampling Location “E”
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Figure 2-8: Follow-up Copper Sampling at Sampling Location “E”
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The first follow-up sampling results were slightly lower than the original sampling (Figure 2-7). Moreover, 
the second follow-up sampling results (post LSL replacement) were similar to the first follow-up sampling 
results. This indicates that the solder used along the in home plumbing was likely the reason for elevated 
lead levels observed during the sequential sampling. While lead levels significantly decreased in sample 
#9, sequential testing results indicate that galvanic corrosion of lead solder and brass fixtures may also 
contribute to lead levels. York Water’s goal of eliminating all company owned LSL's, a source of lead 
within the distribution system, will reduce exposure to lead and maximum and 90111 percentile lead levels.

While copper concentrations were below the action level, it was also observed that copper levels were 
slightly higher post LSL replacement (Figure 2-8). Higher copper concentrations, especially samples #9 
through #12, can be associated with the copper piping and fittings used during the LSL replacement. 
Maintaining a pH at or above 8.3 and an alkalinity greater than 30 mg/L as CaCOj, which the York Water 
Company currently does, will assist in the passivation of these new copper service lines, decreasing copper 
levels over time.

2.5 Correlations of Lead and Copper with Water Use 

2.5.1 2017 Compliance Sampling

For the 2017 compliance sampling, lead data was paired with six month average water consumption of that 
sampling location. The correlation is presented in Figure 2-9.
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Figure 2-9: Water Use versus Lead Concentration of 2017 Compliance Samples
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There was no distinct correlation between water consumption and lead concentrations per Figure 2-9. 
However, in general, higher lead concentrations were observed at locations with relatively low water 
consumption (<5,000 gallons). As noted previously, samples collected in 2017 were well within the 
regulated limits of the LCR rule with a 90th percentile concentration of 7.4 pg/L, during which time the 
York Water Control was practicing pH control (a common corrosion control method) for corrosion.
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3. Historical Water Quality Analysis

Water quality can affect the corrosion rate of distribution materials, the formation and characteristics of 
pipe scales, and, ultimately, the release of lead and copper into drinking water. This report focuses on 
critical parameters that directly impact lead and copper release. These critical parameters include pH, 
alkalinity, and DIC. Controlling all of these parameters throughout the distribution system is important to 
maintaining effective corrosion control, preserving distribution system materials, and controlling lead and 
copper levels in drinking water.

3.1 pH Analysis

In general, lead solubility is more sensitive to pH than alkalinity or DIC. Consistent pH levels are critical 
for the formation of a stable protective scale on pipe walls. Fluctuations in pH can either prevent a protective 
scale from forming, or cause scales to become unstable, resulting in the release of lead and copper into 
drinking water.

As presented in Figure l-l, the York Water Company treatment process includes two clearwells (East Basin 
and the West Basin). Figure 3-1 displays recorded pH values at the East and West Basins for the years 2014 
through 2017. The pFl differences of these basins is presented in Figure 3-2.

Figure 3-1: Recorded pH values of East and West Basins

York Water Company
Final Desktop Corrosion [ valuation

Page IS



Hazen June 30. 2017

1.0
<*»c2 0.9 
n»CQ °-8
0>̂ 0.7
(A
> 0.6
c

pH Difference

Figure 3-2: pH Difference between East and West Basins

Figure 3-2 shows some difference in the pH of these basins which has been generally lower than 0.2 pH 
units. However, some exceptions were recorded leading to a pH difference as high as 0.5 pH units. Limiting 
pH fluctuations between the clearwells will help maintain a constant pH at the point of entry (POE), which 
is essential for corrosion control. In this study, it was assumed that the East and West Basins provide equal 
amounts of water to the distribution system. Therefore, the average pH value was calculated and presented 
in Figure 3-3. The average values presented in this figure were used as the POE pH.
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Figure 3-3: POE pH at the York Water Company’s Treatment Plant

As shown in Figure 3-3, some fluetuations in POE pH were observed. The POE pH was also plotted for 
each year to identify potential seasonal trends and presented in Figure 3-4. However, there was no distinct 
effect of seasonal raw water variations on POE pH levels. The treatment process generally produced water 
with pH in the range of 7.9 to 8.6 pH units regardless of the raw water pH/alkalinity.
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Figure 3-4: Seasonal Variation of POE pH

Figure 3-5 displays monthly pH variations at the distribution entry point for the years 2014 through 2017. 
Average pH at York Water Company’s WFP was approximately 8.3 with minimum and maximum values 
recorded as 7.9 and 8.7 within this period (range of fluctuation: 0.8 pH units). Fluctuations in POE pH are 
better quantified in Figure 3-6, which shows the difference between maximum and minimum pH values for 
each month from 2014 to 2017. Monthly pH fluctuations range from 0.2 to 0.6 pH units. It is recommended 
that the York Water Company reduce POE pH fluctuations.
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Annual pH data is also plotted in box and whisker format (clarification provided in Figure 3-7) and 
presented in Figure 3-8. Figure 3-8 indicates that 50% of the POE pH values have been within the range of 
8.3 to 8.4 for the years 2014 through 2017. On average, pH fluctuations are 0.6 pH units for each of the 
years 2014, 2015 and 2016. as shown in Figure 3-8. While there is only one month's data available in 2017, 
the 2017 box and whisker plot represents an ideal POE pH. It is recommended that the York Water 
Company maintain steady pH at the POE similar to January 2017’s operations and reduce pH fluctuations.

Box

Whisker
t

Whisker
if

A
l
A

Min Lower Upper Max

Quartile Median Quartile
Q1 Q2 Q3

Figure 3-7: Explanation of Box and Whisker Plots

2014-2017

Figure 3-8: Box and Whisker Plots of POE pH Values. Annual average pH values are identified with a triangle.
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3.2 Alkalinity Analysis

Alkalinity is the capacity of water to neutralize acid and is calculated as follows.

Alkalinity = 2[C032-] + [HC03 ] + [OH ] - [H ]

Alkalinity levels must be balanced for both stable pH and effective corrosion control. In general for the 
systems that employ pH/alkalinity/DIC for corrosion control, low levels of alkalinity are generally 
beneficial to copper corrosion control (<50 mg/L as CaCOi), however low alkalinity may also result in 
fluctuations in pH throughout a water system and may increase lead corrosion. Higher alkalinity levels, 
between 50 and 100 mg/L as CaC03 are beneficial for maintaining a stable pH and also reducing lead 
solubility. Alkalinity levels greater than 100 mg/L as CaC03 are not recommended as these levels can cause 
both lead and copper corrosion due to formation of soluble complexes with bicarbonate. It should be noted 
that these recommended alkalinity ranges can change if a phosphate corrosion inhibitor is implemented. It 
is also further noted that pH adjustment is more common for corrosion control and is generally more cost 
effective than alkalinity adjustment.

Daily alkalinity values at the POE are presented in Figure 3-9.

------Alkalinity
70.0

Date (MM/DD/YYYY)

Figure 3-9: POE Alkalinity at the York Water Company’s Treatment Plant

York Water Company
Final Desktop Corrosion I valuation

Pace 24



Hazen June 30. 2017

From 2014 to 2017, average alkalinity levels have remained within the range of 45 to 55 mg/L as CaCOs. 
The average alkalinity levels in the finished water of York Water Company is acceptable for controlling 
both lead and copper corrosion in the distribution system.

Monthly alkalinity changes are better quantified in Figure 3-10, which shows the difference between 
maximum and minimum alkalinity values for each month from 2014 to 2017.
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Figure 3-10: Monthly POE Alkalinity

As shown in Figure 3-10, monthly alkalinity fluctuations (maximum - minimum) are below 20 mg/L as 
CaCOj. It is recommended that York Water Company continue to maintain monthly alkalinity fluctuations 
in this range.

Seasonal variability in alkalinity is also evaluated and presented in Figure 3-11.
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Figure 3-11: Seasonal Variation of POE Alkalinity

At the WFP, minimum alkalinity values were recorded in March-April months and maximum values were 
recorded in July-September months. This is likely due to increased precipitation and runoff in the spring 
(lower alkalinity) and less precipitation in the summer months (higher alkalinity). It is also noted that York 
Water Company alum doses are higher in the summer months and consume alkalinity. Since alkalinity 
levels have an impact on both pH stability and corrosion control, it is recommended to maintain as 
consistent an alkalinity level as possible. This can be challenging to maintain given source water 
fluctuations and treatment variability.

3.3 DIC Analysis

DIC is an estimate of the total amount of inorganic carbon and calculated as follows.

DIC= [C02]aq + [H2CO3] + [C032] + [HCO3]

Alkalinity, pH and DIC are interrelated. Since DIC cannot be measured directly, alkalinity and pi I can be 
used to estimate DIC and to evaluate lead and copper corrosion. While alkalinity and pH are closely related 
to DIC, DIC is the parameter most closely related to corrosion. DIC is a direct measure of the available 
inorganic carbon species in water that can react with lead and copper to form passivating scales.

DIC values were calculated using daily POE pH and alkalinity values, and are presented in Figure 3-12.
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Figure 3-12: POE DIG at the York Water Company’s Treatment Plant

Within the York Water Company's typical finished water pH range of 7.9 to 8.6 and finished water 
alkalinity concentrations between 30-65 mg/L as CaCCK the DIG concentration of the finished water is 
estimated to be within the range of 5-15 mg/L as C (Figure 3-12). The trend observed in the DIC values are 
consistent with the trends observed in alkalinity levels. This is due to dependence of DIC on alkalinity. To 
elucidate seasonal trends, annual DIC values are presented in Figure 3-13. The York Water Company feeds 
higher doses of their coagulant, alum, during the summer months, which depresses pH levels and consumes 
alkalinity resulting in increased lime addition to raise pH and add alkalinity.
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Figure 3-13: Seasonal Variation of POE DIG

Similar to alkalinity, minimum DIC values, which are within the preferred DIG range, were recorded in 
March-April months and maximum values, which are just outside the preferred DIC range, were recorded 
in July-September months. Once again, this is related to changes in the source water. Since DIC levels have 
an impact on both pH stability and corrosion control, it is recommended to maintain as consistent a DIC 
level as possible. Similar to alkalinity, this can be challenging to maintain given source water fluctuations 
and treatment variability.

3.4 Chloride-to-Sulfate Mass Ratio

Chloride-to-sulfate mass ratio can be used to predict the potential for lead contamination from galvanic 
corrosion (lead solder, brass fixtures, or partially replace lead service lines). The chloride-to-sulfate mass 
ratio (CSMR) is a mass ratio calculated using finished water sampling results:

Chloride - to - Sulfate Mass Ratio (CSMR)
[cn
S024-

mg
L cr

- mfi
L SO 2-

4

Chloride and sulfate react differently to lead surfaces within the distribution system. Sulfate can be 
beneficial in reducing lead leaching because it reacts with the water to form insoluble PbSO-i scale. In 
contrast, chloride may increase lead leaching due to the formation of soluble complexes such as PbCf.
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Studies have shown that CSMR's greater than 0.5 are more likely to have lead leaching (Nguyen et. al„ 
2010). Figure 3-14 shows a flow diagram that can be used to predict the potential for lead leaching in a 
system. It is important to note that by landing on “Significant Concern" or “Serious Concern" does not 
necessarily mean that there is an issue, but rather that additional investigation is warranted and adjustments 
to pH, alkalinity, DIC, and/or the addition of a corrosion inhibitor may be warranted. The York Water 
Company has historically been in compliance with the Lead and Copper Rule, with a slight exceedance in 
2016, and operated the water distribution system in accordance with recommendations from a historical 
corrosion control report.

Figure 3-14: Lead Corrosion Concern Relative to CSMR of Finished Water. (Nguyen et. al., 2010)

Table 3-1 shows York Water Company’s finished water chloride and sulfate levels in the distribution 
system. CSMR is calculated and average finished water alkalinities are provided.

Table 3-1: Average Finished Water CSMR and Alkalinity Levels.

Sampling Year Chloride Sulfate Alkalinity CSMR

2010 27.0 22.0 46 1.2

2013 26.5 22.1 43 1.2

2014 24.6 18.1 43 1.4

2015 34.9 22.9 48 1.5

2016 28.9 23.2 48 1.2

Recommended Value <0.5
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Based on the annual water quality analysis, York Water Company has a CSMR between 1.2 and 1.5, which 
may result in higher levels of galvanic corrosion within the system. Additionally, the average alkalinity in 
the system (approximately 46 mg/L as CaCOj) provides some protection to counteract the impacts of 
elevated CSMR. While elevated CSMR is a concern, this ratio cannot be controlled as easy as pH or 
alkalinity at the water filtration plant. Studies have revealed that the use of orthophosphate inhibitors has 
been shown to significantly reduce the impacts of CSMR on galvanic corrosion (Nguyen et. al., 2010). 
Therefore, use of orthophosphate in the York Water Company system would likely protect distribution 
materials against galvanic corrosion and reduce lead and copper leaching.

3.5 Corrosivity Indices

Historically, there are a number indices which have been used to identify the corrosiveness of water. The 
Langelier Saturation Index (LSI), and other calcium carbonate-related indices such as the Ryznar Index and 
calcium carbonate precipitation potential (CCPP), are indicators of scaling conditions (Schock and Lytle, 
2011). Calcium carbonate based scales are porous and do not prevent corrosion of lead and copper. 
Therefore, it is important that the LSI and other calcium carbonate related indices not be used to evaluate 
lead or copper control. These indices are only important insofar as they provide information regarding the 
amount of pH adjustment that can be employed without causing precipitation and for historical comparison 
purposes to possibly identify when a system change or treatment change occurred (resulting in indices vlues 
shifting). Additionally, a water can be classified as corrosive based on some parameters and non-corrosive 
based on others. The USEPA no longer recognizes these indices as a valid corrosion control strategy for 
lead and copper corrosion.

Given York Water Company's historical Lead and Copper Rule compliance, Hazen calculated, for 
historical comparison purposes as noted above, the indices for 2016 and prior years. The results of this 
desktop analysis indicated that the 2016 corrosion indices are comparable to previous years. Thus, increased 
lead concentrations cannot be attributed to changes in any of the various indices.

3.6 Overall Water Quality Analysis for Corrosion Control

The U.S. EPA recently issued a document on optimizing corrosion control treatment for varying water 
quality conditions (USEPA, 2016), which Hazen referenced during our evaluation to ensure our analysis 
and subsequent recommendations were in-line with the recommendations of the EPA. If there is no 
appreciable iron and manganese in the finished water and the pH is within the range of 7.8 to 9.5, the 
recommended control strategy is presented in Figure 3-15. In that figure, control strategy is determined 
based on D1C values. Since, POE water consistently had DIG values above 5 mg/L as C, the branch of the 
flow chart applicable to the York Water Company has been identified and highlighted in each graph. Iron 
and manganese levels recorded at the POE is presented in Figure 3-16.
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Figure 3-15: Lead and Copper Corrosion Prevention Strategies Recommended by ERA in the absence of Iron 
and Manganese, 9.5>pH>7.8 (USEPA, 2016). Note the branch of the flow chart applicable to the York Water

Company has been identified.
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Date (MM/DD/YYYY)

Figure 3-16: Iron and Manganese Levels at the POE

The iron and manganese levels presented in Figure 3-16 are at trace amounts in most of the samples. 
Therefore, the corrosion control technique presented in Figure 3-15, which is in the absence of iron and 
manganese, would be most applicable to the York Water Company. Per Figure 3-15, York Water Company 
can incrementally increase the pH towards 9.0 to reduce lead levels or as an alternate strategy, 
orthophosphate can be used as a corrosion inhibitor technique.
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4. Methods for Reducing Lead and Copper Levels

In order to prevent elevated lead levels, systems can adjust the pH/alkalinity/DIC to convert scales to a 
stable Pb(ll) passivating film (i.e., pH greater than approximately 9.0 and DIC of 5 to 10 mg/L as C), and/or 
use an orthophosphate inhibitor (optimally at pH in the 7.2 to 7.8 range) (Lytle et al., 2009).

4.1 pH/Alkalinity/DIC

Both pH and alkalinity are important factors in forming an insoluble Pb(II) scale (protecting materials from 
corroding) versus a soluble Pb(II) scale formation (increasing corrosion). At pH values below about pH 5, 
iron, lead, and copper corrode (soluble Pb(II) is formed). At pH values higher than pH 9 and depending on 
the alkalinity, these metals are protected (insoluble Pb(ll) is formed). Phosphate-based inhibitors are 
typically used if pH levels within the distribution system range between 7.4 and 7.8, since pH affects the 
mineralogy of the resulting scales (Ontario 2009). Figure 4-1 and Figure 4-2 show the theoretical solubility 
of Pb(II) as a function of pH and DIC when no orthophosphate is present. York Water Company produces 
finished water with an average pH level of 8.3 and a DIC of 5 to 15 mg/L as C.

Figure 4-1: Theoretical impact of pH and DIC on lead solubility in drinking water under ideal equilibrium 
conditions - assumes Pb(ll) and no orthophosphate (Brown et al., 2015)
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Figure 4-2: Theoretical Pb(ll) solubility diagram as a function of pH and DIG in absence of orthophosphate
(1=0.005, T=25°C) (Brown et al., 2015)

Based on Figure 4-1 and Figure 4-2, the following technical recommendations can assist with the 
establishment of target pH, alkalinity, and DIC ranges for controlling both lead and copper release in 
drinking water systems. Note also that the guidelines below are based on formation of adherent lead 
carbonate scales using Pb(Il) chemistry. •

• The target pH should be 8.8 to 10. Systems with lead service lines that are not using a corrosion 
inhibitor should consider increasing the pH to 9.0 or greater (US EPA, 2016).
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• Sufficient alkalinity and DIC are needed to form the protective scale and provide butler intensity, 
but too much can solubilize lead. These factors should be considered when determining a target 
alkalinity/DIC range. Information on the relationship between DIC and lead solubility is provided 
in Schock and Lytle (2011) for a modeled water. Lead solubility increases (i.e., more lead is 
released into the water) with increasing DIC concentrations above approximately 20 mg/L (as C). 
Minimum lead solubility is obtained at DIC levels between 5 and 10 mg/L as C (Schock and Lytle, 
2011).

York Water Company produces water with a DIC of 5 to 15 mg/L. In accordance with the discussion above, 
DIC of 5 to 10 mg/L as C is recommended for maintaining minimal lead solubility. Further increases in 
alkalinity or DIC would lead to an increase in lead solubility at pH levels above 8.1 (Figure 4-1). Since DIC 
levels increase above 10 mg/L as C during summer months, York Water Company could potentially reduce 
alkalinity/DIC during summer months to decrease lead solubility. Reducing the DIC below 10 mg/L as C 
would minimize the lead solubility and can be achieved by reducing alkalinity. Decreasing alkalinity will 
lower DIC levels, however, decreasing alkalinity will lower the water's buffering capacity and may increase 
pH fluctuations within the distribution system. Lowering alkalinity levels will also increase the potential 
for galvanic corrosion due to elevated CSMR levels. As a result, decreasing alkalinity levels is not 
recommended.

In the York Water distribution system, pH levels have decreased from 8.3 at the POE to as low as 
approximately pH 7.0 at some sample locations. In a corrosion control guidance manual developed for the 
Province of Ontario, a case study was presented in which pH lowered from approximately 8.5 to 7.8 within 
the distribution system, which resulted in increased lead release. In response, the system raised the finished 
water pH to 9.2 and observed reductions in lead levels at some sites (MOE, 2009). Raising finished water 
pH would decrease lead solubility in the York Water system. York Water Company could raise the finished 
water pH to the recommended pH range of 8.8 to 10 to minimize lead solubility. As a reminder, increasing 
the pH to 8.8 - 10 may cause calcium carbonate precipitation (Section 5). It can be difficult in some cases 
to keep CaCOj (s) scale formation under control. If pH/DIC is high and if scale formation is uncontrolled 
then calcium carbonate solids can build up in water system piping, reduce effective size and increase 
“roughness” of pipes, and consequently can negatively impact hydraulics of the water system.

4.2 Phosphate Based Inhibitors

Orthophosphate addition has the potential to decrease lead solubility to below what can be achieved by 
pH/alkalinity/DIC adjustment and is less influenced by water distribution system operations. In reference 
to the USEPA's Corrosion Control Guidance Manual, it is recommended for systems with a DIC greater 
than 5 mg/L as C. Phosphate-based corrosion control can be optimally achieved at a pH between 7.4 and 
7.8 with the addition of orthophosphate. The use of polyphosphate should be limited and should only be 
used when iron and manganese are present and require sequestration.

Figure 4-3 is a similar theoretical curve under the same conditions as Figure 4-2 except 0.5 mg/L as PO4 
(0.16 mg/L as P) is present. This figure shows that similar or even slightly lower Pb(II) solubility is possible 
when orthophosphate is present. While a pH range of 7.4 to 7.8 is considered optimal for phosphate-based
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corrosion control; orthophosphate may be effective at pH levels as high as 9.0, although dose requirements 
may be higher for higher pH levels (USERA, 2016). Systems with high pH conditions require higher 
orthophosphate doses to maintain adequate corrosion control (1.0 - 1.5 mg/L as P, or 3 - 4.5 mg/L PO4 and 
higher).

The ability to use orthophosphate at lower pH values is often preferred since orthophosphate is a low cost 
chemical and there is typically a significant chemical cost savings to operate at a lower pH.

Figure 4-3: Theoretical Pb(ll) solubility diagram as a function of pH and DIG in presence of 0.5 mg/L as PO4
(-0.16 mg/L as P) (1=0.005, T=25°C) (Brown et al., 2015)
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York Water Company produces water with an alkalinity in the range of 40 to 60 mg/L as CaCOs. An average 
of 50 mg/L as CaCCh was used to evaluate the potential performance of phosphate based inhibitors in the 
York Water system. The expected solubility of lead under existing orthophosphate concentrations in the 
distribution system is presented in Figure 4-4 (Schock, 1989).

pH

Figure 4-4: Solubility of Lead as a function of pH at an alkalinity of 50 mg/L as CaCOa at 25°C (Schock, 1989).

Figure 4-4 illustrates how small fluctuations in pH can increase the theoretical solubility of lead in a system. 
In general, the lowest lead solubility is expected at pH 7.5. An increase or decrease from pH 7.5 leads to an 
increase in lead solubility. It should be noted that Figure 4-4 represents the maximum solubility of lead 
under bench-scale test conditions. Passivating films formed by orthophosphate would also limit the 
solubility of lead in the distribution system.

For minimal lead solubility while using phosphates, distribution system pH should be maintained within 
the range of 7.4 to 7.8. For the York Water Company system, an orthophosphate dose between 3 mg/L as 
PO4 (~1 mg/L as P) and (4.5 mg/L as PO4 (~1.5 mg/L as P)) should be maintained to minimize lead levels 
in the system.

DIC concentrations in finished water must be considered when determining the target orthophosphate dose. 
In general, orthophosphate is more effective at low DIC (<10 mg C/L). In general, finished water should 
be maintained below 50 mg/L as CaCOj when using phosphate based inhibitors. An alkalinity within the
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range of 40 to 50 mg/L as CaCO^ would allow for a stable pH in the distribution system while maintaining 
DIC approximately 10 mg/L as C. It should be noted that an alkalinity within the range of 40 to 50 mg/L 
as CaCOj would decrease the buffering capacity of the water, which could result in increased pH 
fluctuations. To accommodate a lower alkalinity/DIC, York Water Company may increase distribution 
system monitoring frequency and implement distribution system maintenance measures, as deemed 
necessary (i.e., localized flushing).
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5. Lead and Copper Level Reduction Strategies for York 
Water Company

5.1 Options Analysis

This section summarizes several different alternatives for York Water Company to reduce lead and copper 
levels in their system. The impacts of each option on both corrosivity and overall water quality are 
evaluated. Advantages and disadvantages are also listed for each recommendation.

5.1.1 Increase pH

As presented in Section 4, pH has a profound effect on lead solubility. The graph presented in Figure 4-1 
has been replotted with DIC conditions relevant to York Water Company. Figure 5-1 shows the theoretical 
lead solubility for DIC levels of 5, 10, and 15 mg/L as C, as a function of pH. These DIC values correspond 
to minimum, average, and maximum DIC levels observed within the York Water Company distribution 
system.

Figure 5-1: Effect of pH on Lead Solubility for DIC levels of 5,10 and 20 mg/L as C. Lead Solubility Changes
for York Water has been indicated with an Arrow.
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Based on Figure 5-1, increasing POE pH levels will reduce lead solubility throughout the York Water 
Company distribution system. Average POE pH has typically been within the range of 8.2 to 8.3 (Figure 
3-5). At this pH range, lead solubility is approximately 0.2 mg/L at a DIC of 10 mg/L as C. If the POE pH 
is increased to 8.75, the lead solubility would decrease to 0.14 mg/L at a DIC of 10 mg/L as C.

Increasing pH would require higher doses of lime and/or caustic. It is expected that York Water Company 
would need to dose an additional 1 to 2 mg/L of lime or caustic to raise their POE pH up to pH 8.8. 
Additional lime or caustic feed would also increase alkalinity by 2 to 4 mg/L as CaCOj (and therefore DIC) 
in the finished water. Increased alkalinity may assist the York Water Company in maintaining a stable pH 
within the distribution system. However, within the 2 to 4 mg/L as CaC03 alkalinity change, it is not likely 
that the York Water Company would observe any reduction in pH fluctuations. Increasing the target pH 
from 8.3 to 8.8 is not likely to impact chloramine residuals within the distribution system, as long as pH is 
maintained below 9.0. Further increases in pH, especially above 9.5, can cause decomposition of 
chloramines into ammonia and chlorite ions. Pennsylvania DEP should be contacted prior to any increase 
in their pH above their permitted level (8.6).

Increasing pH would also increase the calcium carbonate precipitation potentials (CCPPs) within the York 
Water system. CCPP levels would raise from an existing range of 0.4 to 1 to a range of 2.0 to 5.0, depending 
on the background water quality conditions (calcium concentration, alkalinity and temperature). While new 
values are well within the optimum levels 4.0 to 10.0, higher CCPP levels may cause precipitation within 
the pipes, boilers, etc. and may also lead to customer complaints (i.e., milky water).

5.1.2 Decrease DIC in Summer Months

As previously discussed in Section 4, DIC also has a substantial impact on lead. The graph presented in 
Figure 4-1 has been replotted with DIC conditions relevant to York Water Company (Figure 5-2). DIC 
levels of 5, 10, and 15 mg/L as C are presented and correspond to minimum, average, and maximum DIC 
levels observed within the York Water Company distribution system.
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pH

Figure 5-2: Effect of DIC on Lead Solubility. Lead Solubility Changes for York Water has been indicated with
an Arrow.

Based on Figure 5-2, decreasing POE DIC levels will also lower lead solubility throughout the entire 
system. Especially during summer months, DIC at the POE has been recorded within the range of 12 to 14 
mg/L as C. At a pH of 8.25, if York Water Company reduced the DIC to 10 mg/L as C, lead solubility 
would be limited to 0.180 mg/L.

While reduction of DIC is beneficial, achieving this reduction could be challenging for the York Water 
Company. As indicated in the previous sections, DIC is highly related to alkalinity. To reduce DIC levels, 
alkalinity of the POE would have to be reduced. This reduction can be achieved by using a source water 
with lower alkalinity, the addition of an acid, or by reducing the amount of alkalinity introduced during the 
treatment process. Addition of an acid or reducing the amount of alkalinity introduced during the treatment 
process would result in a POE pH lower than the existing POE pH. This decrease in pH would result in an 
increase in lead solubility. Use of alternate chemicals to lower DIC is discussed further in Section 5.1.4.

It is also important to note that decreasing alkalinity to lower DIC levels could increase galvanic corrosion 
of lead and copper. Nguyen et. al. (2010) has shown that higher alkalinity can reduce the impacts associated 
with higher CSMR values. While the maximum recommended CSMR is 0.5, York Water Company’s 
CSMR values are within the range of 1.2 to 1.5. Due to the increased potential for galvanic corrosion at 
high CSMR levels, it is recommended that York Water Company maintain alkalinity at or above 50 mg/L 
as CaCOs.
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5.1.3 Minimize pH Fluctuations within the Distribution System

As noted previously, pH fluctuations have been recorded at the extremities of the distribution system where 
moderate to elevated lead levels were observed. These locations have high water age due to their geographic 
location and distance from the water treatment plant and water quality changes at these sights. In 
chloraminated systems, nitrification can be found in areas with high water age and can cause a loss of 
chlorine residual, a drop in pH, and an increase in heterotrophic plate count. Among these water quality 
parameters, a decrease in pH would increase the solubility of lead. To maintain low lead and copper 
solubility, it is recommended that York Water Company work to maintain constant and stable pH 
throughout their distribution system.

5.1.4 Adjust Chemical Doses (Caustic vs. Lime)

As indicated previously, DIC levels above 10 mg/L as C can promote lead and copper corrosion. Therefore, 
USEPA recommends that DIC is maintained within the range of 5 to 10 mg/L as C. DifTerent chemicals 
can contribute to alkalinity at different levels. A summary of chemicals relevant to York Water Company 
are listed in Table 5-1.
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Table 5-1: Alkalinity Introduced by Different Chemicals

Alkalinity Added
Chemical (mg/L as CaCOj per mg/L of Chemical)

Caustic (NaOH) 1.25

Slaked Lime (Ca(OH)2) 1.35

Quick Lime (CaO) 1.79

Soda Ash (Na2C03) 0.94

York Water Company has the potential to adjust post-filtered water's pH via lime or caustic. On a per mg/L 
of chemical basis, lime adds more alkalinity (which is correlated to DIC) than caustic. It is important to 
note thought that on a per mg/L of chemical basis their impact on pi I is also different. Therefore, to assess 
whether the York Water Company could use caustic for pH adjustment during summer months, changes in 
pH versus alkalinity were analyzed for both winter and summer water quality conditions by using the RTW 
model. Using the RTW model to assess a given water quality condition is a two-step process - first the 
change in pH associated with 10 mg/L of lime is determined and then the amount of caustic required to 
reach that level of pH is calculated. Results are summarized in Table 5-2.
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Table 5-2: Change of pH vs. Alkalinity

Seasonal
Scenario Initial Characteristics* Chemical Added

Final Water Quality

pH Alkalinity

Winter

• pH: 7.4
• Aik.: 25 mg/L as CaCOa
• Temp.: 7°C

10 mg/L of Lime 10.3 43

14 mg/L of Caustic 10.3 42

• pH: 7.4
• Aik.: 50 mg/L as CaCOa
• Temp.: 7°C

10 mg/L of Lime 9.9 68

14 mg/L of Caustic 9.9 68

Summer

• pH: 7.4
• Aik.: 50 mg/L as CaC03
• Temp.:25°C

10 mg/L of Lime 9.6 68

14 mg/L of Caustic 9.6 67

• pH: 7.4
• Aik.: 75 mg/L as CaCOa
• Temp.: 25°C

10 mg/L of Lime 9.4 93

14 mg/L of Caustic 9.4 92

*: IDS, Ca*2, Cl\ and SO4'2: concentrations were 150 mg/L. 35 mg/L (87.4 mg/L as CaC03), 34.1 mg/L and 21.7 
mg/L, respectively.

In Table 5-2, it can be observed that i) caustic dose needed to reach a target pH is higher than lime and ii) 
the alkalinity introduced by caustic is about the same as lime given a target pH. Given this information, 
York Water Company could increase the use of caustic and decrease the use of lime (and vice versa) during 
summer months with no adverse impacts, but also no noticeable impact on alkalinity and correspondingly 
DIC. A small decrease in DIC would result in only a slight decrease in lead solubility. A slight decrease in 
alkalinity would not likely impact pH fluctuations observed within the distribution system or increase 
galvanic corrosion associated with CSMR levels.

5.1.5 Use Phosphate Based Inhibitors

To reduce the solubility of Lead, York Water Company could implement phosphate based inhibitors. 
Similar to Figure 4-4, Figure 5-3 shows the solubility of lead at different phosphate levels.
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Figure 5-3: Lead Solubility at Different Phosphate Levels

Solubility levels presented in Figure 5-3 (with orthophosphate) are much lower than the ones presented in 
Figure 5-1 (without orthophosphate). Therefore, York Water Company could use phosphates to minimize 
the solubility of lead within the distribution system. Solubility of lead is highly dependent on the 
concentration of phosphates. Higher phosphate concentrations reduce the lead solubility further. USEPA 
recommends that a phosphate level of 1.0 to 3.0 mg/L as PO4 is maintained within the distribution system. 
If York Water Company were to implement phosphates, it is recommended that at least 1.0 mg/L of PO4 is 
maintained throughout the distribution system, including the furthest reaches where the concentrations 
would be lowest. As indicated in Section 4.2, phosphates are most effective with pH in the range of 7.4 to 
7.8. However, as shown in Figure 5-4, phosphates arc still effective up to a pH of 9. As a result, if York 
Water Company were to implement phosphates, consideration could be given to lowering the POE pH. It 
would not be recommended to lower the pH and begin feeding a corrosion inhibitor at the same time. It 
would be preferable to bring the corrosion inhibitor online First and over time slowly lower the pH. The 
reduction in lead solubility, including a subsequent lowering of the pH, from existing operational conditions 
is depicted in Figure 5-4.
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Figure 5-4: Lead Solubility With and Without Phosphates. The Arrow Indicates the Change of Lead Solubility
for York Water Company.

Based on Figure 5-4, lead solubility would decrease from 0.2 mg/L to at least 0.05 mg/L with a phosphate 
level of 1.0 mg/L as PO4. If York Water Company were to maintain a phosphate level of 2.0 mg/L as PO4 

in the distribution system, lead solubility would be further reduced to 0.03 mg/L.

5.1.6 Recommendations for York Water Company

To maintain compliance with the LCR rule, there are two recommendations for the York Water Company.

1. Maintain Constant Stable pH at the POE and throughout the Distribution System:
Maintaining a stable and constant pH throughout the distributions system is essential to form a 
protective scale on distribution materials. Once a protective scale is formed within the distribution 
system, pH should continue to be maintained within an acceptable range to prevent disruption of 
the scale. It is recommended that the York Water Company minimize pH variations at the POE and 
also reduce pH fluctuation within the distribution system. This may require increased localized 
flushing, etc.
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2. Reduce Lead Solubility: Reduction of lead solubility can be achieved by two methods.

a. Increase POE nil: Increasing the target finished water pH to 8.8 (which is recommended 
by USEPA) would decrease the solubility of lead. This would reduce lead solubility using 
current treatment processes and without the addition of new chemicals (i.e., phosphate 
based inhibitors). A slight increase in pH, up to the York Water Company permitted limit, 
would be beneficial in the near term, but our final recommendation is to implement a 
suitable phosphate based inhibitor.

b. Switch to Phosphate Based Inhibitors: Phosphate based corrosion inhibitors form robust 
protective layers, which helps to reduce the solubility of lead. In the presence of 
phosphates, lead solubility can be an order of magnitude lower that can be attained by 
pH/alkalinity/DIC control. If future LCR regulations further reduce lead action level 
requirements or pH/alkalinity/DIC adjustment did not yield sufficient lead solubility 
improvements, the York Water Company could implement an orthophosphate inhibitor for 
corrosion control. Furthermore, the use of a corrosion inhibitor is more forgiving when it 
comes to water quality fluctuations within a distribution system.

In several sections, it has been noted that an increase or a decrease in alkalinity/DIC can lower lead 
solubility. A decrease in alkalinity would lower the lead solubility but may promote galvanic corrosion 
from lead solder, especially at higher CSMR levels. Moreover, a decrease in alkalinity would increase pH 
fluctuations in the distribution system. On the other hand, an increase in alkalinity can counteract pH 
fluctuations and galvanic corrosion associated with higher CSMR levels, but increase overall lead 
solubility. Therefore, in general, it is recommended that alkalinity be maintained within the range of 50 to 
100 mg/L as CaCOj. Existing alkalinity levels recorded at the POE of York Water Company are well within 
this range. At this point, no drastic changes to alkalinity are recommended for York Water Company. Some 
decrease or increase associated with chemical feed adjustments or increasing POE pH, respectively, would 
change the POE alkalinity less than 5 mg/L as CaCOj. This level of change is not likely to have a drastic 
effect on pH fluctuations, galvanic corrosion, or lead solubility.
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6. Summary of Key Findings and Recommendations

Based on the results of the historical data analysis, below are key recommendations for the York Water
Company to maintain compliance with the Lead and Copper Rule:

• Maintain Constant and Stable pH at the POE: Maintaining a consistent pH at the POE is 
essential as fluctuations at the POE can affect the pH stability within the distribution system. The 
York Water Company should continue to monitor the pH closely and work to maintain it in an 
acceptable range.

• Maintain Stable pH throughout the Entire System: Maintaining a consistent pH throughout the 
distribution system is critical. As fluctuating pH levels can lead to corrosion problems in isolated 
parts of the distribution system. It is recommended that the York Water Company work to minimize 
pH fluctuations within the distribution system.

• Switch to a Phosphate Based Inhibitor and Conduct Pilot-Testing: Phosphate based corrosion 
inhibitors form robust protective layers, which reduce the solubility of lead. In the presence of 
phosphates, lead solubility can be an order of magnitude lower that can be attained by 
pH/alkalinity/DIC control. It is recommended York Water Company use an orthophosphate 
inhibitor for corrosion control.

A corrosion inhibitor study should be completed to determine the appropriate corrosion inhibitor 
chemical and dose. The study should be conducted before the conversion (study, design, and 
construction) takes place to determine the best strategy for protection against corrosion.

Corrosion inhibitor studies may be performed using a custom-built corrosion study pilot plant. The 
corrosion control study is typically conducted over several months to capture the onset and extent 
of corrosion in finished water piping as a result of changes in the treatment practices at the plant. 
Pilot plants consist of multiple corrosion trains with the ability to add a different corrosion inhibitor 
chemical and dose to each train. Testing often includes lead, copper, and steel coupons inserted 
into the piping of each train. The coupons are analyzed over various time periods, often at 3, 6, and 
9 month intervals, for corrosion rates. Within each train, isolation valves and a bypass valve are 
furnished in the copper pipe loop portion of the train allowing water to be isolated in the copper 
pipe loop for eight hours, simulating 8-hour standing samples. An aqueous lead and copper analysis 
is performed on the collected samples from the copper pipe loops at various times over the course 
of a study.

Budgetary costs for a corrosion inhibitor feed system are shown below, as is a possible 
implementation timeline. These costs are for the feed equipment and storage only and do not 
include building construction. Typical system design includes an aqueous corrosion inhibitor being 
transferred from a bulk tank to a day tank using an end-suction centrifugal transfer pump. The day 
tank will typically rest on a weighing scale so that daily use can be recorded. The transfer pump is 
sized such that the day tank will be filled in 2 minutes, and will be started and stopped using a 
manual, constant-pressure pushbutton. Peristaltic metering pumps are provided to convey the 
corrosion inhibitor from the day tank to the feed point. One metering pump is typically used to 
dose the corrosion inhibitor to the finished water while the other will serve as a spare. The 
maximum capacity for each pump is typically set to be equivalent to the maximum phosphate dose 
at the future maximum plant flow rate. All metering pumps will be provided with a means of
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controlling the metering pump motor speed. Corrosion inhibitor feed rate can be controlled either 
manually or automatically. In the manual operating mode, the plant operator will be able to adjust 
the pump motor speed using a potentiometer mounted on the face of the pump control panel. In 
the automatic control mode, the metering pump motor speed will be automatically adjusted in 
response to the total filtered water flow rate. The corrosion inhibitor dose will be set manually at 
the pumps by adjusting the motor speed, which can be accomplished by turning the adjustment 
knob on the front of the pump.

Corrosion Inhibitor Costs

Plant Capacity Capital Cost Annual O&M
20 mgd $400,000 $100,000
40 mgd $550,000 $200,000

Implementation Schedule

Year Major Activity Description

FY 2018
Corrosion Inhibitor Study
Design - Chemical Improvements

FY 2019
Construction Begin on Chemical 

Improvements
Public Information Program
Lead/Copper Monitoring Site Selection

FY 2020
Construction Completion/Start-UP
Increased Distribution System

Monitoring
Lead /Copper Monitoring

Implementation Strategy

Establishment of an inhibitor in the distribution system prior to adjusting pH (if adjusted) will 
provide a step wise change to water quality, with corrosion protection added and monitored in the 
system prior to any subsequent treatment modification.

Hence, the following implementation recommendations are made concerning the corrosion 
inhibitor strategy for the York Water Company: •

• Start a corrosion inhibitor program using the preferred corrosion inhibitor at a higher initial 
dose of approximately twice the dose piloted through the corrosion loops. This higher dose 
will ensure that the far reaches of the distribution system will be exposed to the inhibitor 
and passivation will begin. The doses suggested for this initial implementation phase are 
3.0 to 4.5 mg/L as PO4. This implementation dose will be maintained until the far reaches 
of the distribution system have an inhibitor residual of approximately 1.0 mg/L as PO4.
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This inhibitor residual shall be analyzed via a phosphate analyzer (to be purchased by York 
Water). Following bringing the chemical online, York Water shall monitor on a weekly 
basis pH, total chlorine, orthophosphate, nitrite, and ammonia levels at 20 sample locations 
within the system. These locations shall include auto-flusher sites and select locations 
within the municipalities York Water serves. During the first week, York Water shall 
monitor orthophosphate and phosphate (if a blend is selected) as the water travels through 
the system. Should the orthophosphate levels at the extremities of the system begin to go 
above 1.0 mg/L, York Water shall begin to reduce the corrosion inhibitor feed rate to a 
maintenance dose level (discussed below).

• Following the initial implementation phase, a maintenance dose of the preferred corrosion 
inhibitor shall be dosed into the system. This maintenance dose shall be in the range of the 
concentration dosed during the pilot loop study. As part of the ongoing corrosion inhibitor 
program, the inhibitor residual and lead and copper levels in the distribution system shall 
be checked and confirmed as acceptable prior to and following any subsequent water 
treatment modifications.

• Implement standard monitoring measures for lead and copper in the distribution system in 
compliance with the requirements of the Pennsylvania DEP, unless otherwise instructed. 
Standard monitoring will require collection of lead and copper samples at 60 sites every 
six (6) months. New sample sites and increased monitoring requirements must be 
coordinated and approved by DEP. Standard monitoring may be reduced by DEP to 
triennial monitoring after achieving one of the following:

■ Three (3) consecutive years of lead and copper sample collection with lead and 
copper measurements below the action limits (based on the 9011' percentile level of 
samples),

■ Optimal water quality parameters specifications are met and three (3) consecutive 
years of lead samples yielding measurements below the action limit, or

■ 90th percentile lead and copper levels are less than or equal to 0.005 mg/L and 0.65 
mg/L, respectively, for two (2) consecutive 6-month monitoring periods.
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