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1.0 INTRODUCTION 

 

1.1  Project Overview 

 
At the request of Doylestown Borough, CKS Engineers has prepared a PFAS Treatment 
Alternatives Analysis for the Borough’s drinking water system. Doylestown Borough has 
performed water quality testing of its five drinking water supply wells and detected Per 
and Polyfluoroalkyl substances at low levels in each well. This study will evaluate the 
alternatives for possible treatment and summarize the advantages and disadvantages of 
each treatment technology.  The study will consider capital costs, operational costs, 
permitting considerations, waste disposal, and site constraints at each of the wells. 
 

1.2  PFAS Background and Regulatory Status 

 
Per and Polyfluoroalkyl substances, referred to as PFAS throughout this report, are a 
large group of manufactured chemical substances which have been in use since the 
1940s and used in a variety of consumer products including carpeting, furniture fabrics, 
clothing, non-stick cookware, paper packaging for food products, and other materials. 
These chemical compounds were used for their resistance to water penetration, stains, 
and grease. PFAS compounds have also been widely used in firefighting foams at airports 
and military installations.  
 
Two of the many PFAS compounds have been the primary focus of study and regulation 
to this point in time. These are Perflourooctane Sulfonate (PFOS) and Perflourooctanoic 
Acid (PFOA). In 2016, the United State Environmental Protection Agency (USEPA) 
issued a Lifetime Health Advisory Limit of 70 nanograms per liter (ng/L), which is also 
referred to as 70 parts per trillion (ppt), for the allowable amount of combined PFOS and 
PFOA in drinking water. The USEPA is proceeding with steps to regulate PFAS under the 
Safe Drinking Water Act, the maximum contaminate levels have not been announced, but 
are expected to be as close to zero as the current laboratory testing procedures will allow. 
 
Additionally, in 2021, USEPA announced a fifth round of the Unregulated Contaminant 
Monitoring Rule (UCMR 5) which will require water utilities to test for 29 PFAS compounds 
between 2023 and 2025. The PFAS data collected may lead to further determinations to 
regulate additional PFAS compounds. 
 
On January 14, 2023, the Pennsylvania Department of Environmental Protection 
(PADEP) announced a final rule setting maximum contaminate levels (MCL) for PFOS 
and PFOA, levels of 18 ppt for PFOS and 14 ppt for PFOA.  Quarterly monitoring for these 
PFAS compounds will be required to start in 2024.  Initial monitoring will be required 
quarterly at each entry point. Exceedances of the new MCL will require tier 2 public 
notices be distributed.  Tier 2 notification must be distributed within 30 days of the 
detection of the violation. 
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Additionally, on March 14, 2023 the United States Environmental Protection Agency  

(EPA) announced the proposed National Primary Drinking Water Regulation 

(NPDWR) for six PFAS including perfluorooctanoic acid (PFOA), perfluorooctane 

sulfonic acid (PFOS), perfluorononanoic acid (PFNA), hexafluoropropylene oxide 

dimer acid (HFPO-DA, commonly known as GenX Chemicals), perfluorohexane 

sulfonic acid (PFHxS), and perfluorobutane sulfonic acid (PFBS). The proposed 

PFAS NPDWR does not require any actions until it is finalized. EPA anticipates 

finalizing the regulation by the end of 2023. EPA is proposing a National Primary 

Drinking Water Regulation (NPDWR) to establish legally enforceable levels, called 

Maximum Contaminant Levels (MCLs), for six PFAS in drinking water. PFOA and 

PFOS as individual contaminants, and PFHxS, PFNA, PFBS, and HFPO-DA 

(commonly referred to as GenX Chemicals) as a PFAS mixture. EPA is also 

proposing health-based, non-enforceable Maximum Contaminant Level Goals 

(MCLGs) for these six PFAS.  

Compound 
Proposed 
MCLG 

Proposed MCL (enforceable 
levels) 

PFOA Zero 
4.0 parts per trillion (also 
expressed as ng/L) 

PFOS Zero 4.0 ppt 

PFNA 

1.0 (unitless) 

Hazard Index 

1.0 (unitless) 

Hazard Index 

PFHxS 

PFBS 

HFPO-DA (commonly referred to 
as GenX Chemicals) 

  
Further, PFAS compounds are now being regulated under environmental clean-up 
standards under CERCLA Superfund rules, and consideration of regulations on PFAS in 
sewage biosolids and possible regulation under the NPDES permit process for 
wastewater treatment plants are likely to be enacted in the near future. 
  

2.0 EXISTING FACILITIES 

 

The Doylestown Borough drinking water system consists of five groundwater wells with 
limited treatment facilities, two water storage tanks totaling 1,400,000 gallons, and a 
distribution system of 4-to-10-inch diameter water mains. The distribution system also 
includes nine (9) interconnections between the Doylestown Borough water systems and 
the Doylestown Township Municipal Authority.  
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The existing Wells are as follows: 
 
Table 2.1 – Existing Wells 
 

Well # Location Flow Rate (gpm) Average Flow (gpd) 

2021 

7 East Street 350 279,068 

8 West Street 250 58,526 

9 Maplewood Park 350 254,658 

10 Sandy Ridge Dr. 350 240,496 

12 Chapman Park 200 117,027 

Total Well Production 949,775 

Water Purchased from DTMA 17,230 

Average Daily Water Usage   967,005 

 

The flow rates shown in the above table are based on the maximum allowable flow rate 
as shown in the Delaware River Basin Groundwater Withdrawal Docket. Average flow 
shown is based on 2021 Water Usage Report (Chapter 110 Report) calculated for the  full 
year.    
 
Water quality testing of the wells has shown levels of PFAS were well below the previous 
Health Advisory Limits of 70 ppt, but are very close and, in one case, equal to the new 
PADEP MCL.  The following table presents the highest results found at each of the 
Borough’s wells in past sampling and laboratory testing.  
 
Table 2.2 – Past Sample Results and PADEP Regulatory Limits 
 

Sample Results Regulatory Limits 

Well # PFOS 

(ppt) 

PFOA 

(ppt) 

EPA Health Advisory  

PFOS + PFOA (ppt) 

PADEP MCL 

PFOS (ppt) 

PADEP MCL 

PFOA (ppt) 

7 10 11 70 18 14 

8 9 10 70 18 14 

9 13 13 70 18 14 

10 10 14 70 18 14 

12 7 11 70 18 14 
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3.0 PFAS TREATMENT ALTERNATIVES 

 
The USEPA provides scientific evaluation of treatment technologies to remove 
contaminates from drinking water supplies; this evaluation provides a listing of Best 
Available Technology for the specific contaminates. USEPA lists three Best Available 
Technology choices for removal of PFOS and PFOA from drinking water. These 
technologies are: 

● Granular Activated Carbon (GAC) 

● Ion Exchange (IX) 

● Membrane Filtration/Reverse Osmosis (RO)  

The following sections will present a summary of the treatment system, operational 
considerations, and cost estimates. 

3.1 GAC Treatment 

GAC treatment of drinking water has a well-known and proven record for removal of total 
organic compounds, disinfection by-products and by-product precursors, volatile organic 
compounds (VOCs), and synthetic organic compounds (SOCs) in addition to removal of 
PFAS compounds.  GAC has been used successfully in the local area for removal of 
PFAS in Warrington, Horsham, and Warminster Townships.  

GAC for drinking water is typically made from bituminous coal, which is thermally 
activated to create micropores within the carbon which adsorb and bonds the PFAS to 
the carbon.  This is a very strong bond and the PFAS is not separated from the carbon 
by backwashing of the filters.  GAC is also made from coconut shells and is capable of 
treating drinking water to the same degree as bituminous GAC, but coconut shell GAC 
generally has a shorter useful life in the treatment system.  One aspect of quality control 
needed in purchasing of GAC is the need for requiring testing of the arsenic content tested 
prior to accepting delivery of the GAC.  Warminster did experience a problem with 
receiving GAC that contained arsenic and caused contamination of the drinking water 
effluent.     

GAC treatment occurs in large, pressurized tanks; a typical installation has two tanks per 
treatment train operating in a series or lead/lag configuration.  Each tank is sized to 
provide full PFAS treatment; the two tank systems provide a significant margin of safety 
and extends the time period available to arrange change out of spent carbon media.     
Pressure to the treatment tanks is provided from the well pump and flow would first flow 
through the top of the first (lead) vessel through the carbon bed; the carbon bed is 
supported by an underdrain system which allows treated water to flow out the bottom of 
the tank and the carbon to be retained.  The flow then goes to the top of the second (lag) 
tank and through the second carbon bed and then treated water is disinfected and flows 
to the distribution system. Regular sampling for laboratory testing of the PFAS levels of 
the water being treated would be taken on the inlet of the treatment system; between the 
first and second treatment vessel; and on the outlet of the second vessel.  When PFAS 
is found in the water from the outlet of the first vessel, the flow can be redirected to go 
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through the second (lag) vessel first, while replacement of the spent carbon in the former 
lead vessel is scheduled.  Process flow schematics, equipment drawings, and media 
information for GAC treatment systems for the wells is included in the GAC exhibits 
section of this report.   

 

 

GAC treatment system constructed in Warrington Township 

 for the North Wales Water Authority. 

 

Headloss through the GAC treatment system is low, usually only 1 to 2 pounds per square 
inch of pressure loss.  In the systems we have designed in Warminster and Warrington, 
well pump upgrades have not been necessary.  The existing well pumps would be 
evaluated as part of the treatment design and if the well pump output is low based on age 
and mechanical wear of the pumps, pump upgrades should be included in the project.   
 
GAC filters require backwash of the filters following replacement of the carbon beds.  This 
backwash is needed to remove fine carbon particles from the filter.  After initial bedding 
of the filter, backwash is seldom needed; however, a sanitary sewer connection is 
required for each filter building. 

We have performed sizing calculations for GAC treatment systems needed at each of the 
Borough’s five wells.  These calculations have been based on the flow rates in each well 
and utilizing information provided by TIGG LLC, which has supplied vessels, piping 
systems, and GAC media to projects that CKS Engineers have constructed in the area.   
Two distinct size tanks and carbon bed volumes were determined to be appropriate for 
use throughout the Borough’s wells.  The sizing considerations are summarized below. 
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Table 3.1 – GAC Treatment Design Parameters  
 

Design Factors Wells 7, 9, & 10 Wells 8 & 12 

Design Flow Rate (gpm) 350 250 

No. of Trains 1 1 

No. of Vessels per Train 2 2 

Vessel Diameter (ft) 10 8 

Vessel Height (ft) 17.5 15 

Vessel Operating Configuration Series (Lead/Lag) Series (Lead/Lag) 

GAC per Vessel (lbs.) 20,000 10,000 

Bed Volume per Vessel (gallons) 5,000 2,500 

Empty Bed Contact Time per Train 
(minutes) Minimum 20 minutes 
required by PADEP regulations 

28.6 20 

Maximum Head Loss through Train (psi) 11 11 

Hydraulic Loading Rate (gpm/ft2) 
 

4.5 5.0 

Recommended Backwash Rate (gpm) 700 500 

 

The GAC contained within the lead vessel of each treatment system is projected to 
remove PFAs to non-detect levels for a period of approximately 12 to 24 months before 
breakthrough is detected.  When breakthrough is detected, the carbon bed would be 
replaced.  GAC can be reactivated at the carbon manufacturer’s facility by thermal 
process which will incinerate the PFAS.  However, most drinking water facilities specify 
the use of virgin carbon as an additional factor of safety.  

The GAC treatment systems are recommended to be located in a 40 ft long  x 28 ft wide 
x 20 ft high at the eaves building near the existing pump house buildings.  The disinfectant 
and any other chemical feeds would be applied following the GAC treatment.  The building 
would also house necessary flow meters, electrical equipment, and associated piping, 
valves, and miscellaneous equipment.   
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GAC treatment building constructed in Warrington Township 

 for the North Wales Water Authority. 

 

Operational costs of the GAC treatment systems would include regular testing of PFAS 
levels on the influent water, between the two GAC vessels, and on the effluent water on 
a monthly basis.  The cost of this testing is estimated at $1,000 per month per well.  
 
Carbon replacement for the lead GAC vessels is estimated to be required every two 
years.  Carbon purchase and disposal costs are currently $4.00 per pound.  This would 
be an annualized cost of $160,000 per year, based on treatment of all five wells. 

Detailed capital cost estimates for the purchase of GAC treatment vessels, GAC media, 
building construction, electrical equipment, along with engineering, permitting, 
construction oversight, and contingencies are included in the Cost Estimates section of 
this report. The Capital Costs are summarized in the Table below. 

Table 3.2 – Capital Costs of GAC Treatment Systems 
 

Well No. Estimated Capital Cost 

7 $1,704,587 

8 $1,913,450 

9 $1,913,450 

10 $1,913,450 

12 $1,704,587 

Total $9,149,524 
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3.2 Ion Exchange Treatment 

 

Ion Exchange (IX) treatment is listed as a Best Available Technology of drinking water by 
the USEPA and has been in active uses in drinking water and industrial water treatment 
systems for many years.  IX technology is currently being used for PFAS treatment of 
drinking water in Warminster Township, which has experienced much higher levels of 
PFAS contamination which may be attributed to the Willow Grove and Johnsville military 
airbases.  
 
Ion exchange resin removes PFAS by two mechanisms, ion exchange and adsorption.  
PFAS  selective resin can remove PFOS and PFOA to non-detect levels.  The included 
data is based on Purolite buffered resins PFA694EBF and A595EBF.  These two resins 
are buffered to control reduction of pH of treated water and are designed not to reduce 
the chloride to sulfate mass ratio of the water.  These two matters are of concern relative 
to the corrosivity of the drinking water following treatment and maintaining compliance 
with the lead and copper standards at the customers taps. 
 
IX treatment occurs in large, pressurized tanks very similar to the vessels used for GAC 
treatment. In fact, the Warminster system previously referenced was originally filled with 
GAC and, following a lengthy permitting process with PADEP, the GAC was removed and 
an equivalent amount of ion exchange resign was installed.  A typical IX installation has 
two tanks per treatment train operating in a series or lead/lag configuration.   Pressure to 
the treatment tanks is provided from the well pump and flow would first flow through the 
top of the first (lead) vessel through the resin bed; the resin bed is supported by an 
underdrain system which allows treated water to flow out the bottom of the tank and the 
IX resin to be retained.  The flow then goes to the top of the second  (lag) tank and through 
the second resin bed and then treated water is disinfected and flows to the distribution 
system. Regular sampling for laboratory testing of the PFAS levels of the water being 
treated would be taken on the inlet of the treatment system; between the first and second 
treatment vessel; and on the outlet of the second vessel.  When PFAS is found in the flow 
of the outlet of the first vessel, the water can be redirected to go the second (lag) vessel 
first, while replacement of the spent resin in the former lead vessel is scheduled.  Process 
flow schematics for the IX treatment for the wells is included with this report.  

Headloss through the IX treatment systems is low, only 1 to 2 pounds per square inch of 
pressure loss.  In the systems we have designed in Warminster, well pump upgrades 
have not been necessary.  The existing well pumps would be evaluated as part of the 
treatment design and, if the well pump output is low based on age and mechanical wear 
of the pumps, pump upgrades should be included in the project.   

IX resin has greater chemical reactivity as compared to GAC; this allows smaller volumes 
of IX resin and therefore, slightly smaller treatment vessels to be used in IX systems.   
This allows the treatment time in the vessels, referred to as Empty Bed Contact Time, to 
be reduced to 3 minutes per vessel as compared to 10 minutes per vessel for GAC.  We 
have performed sizing calculations for the IX treatment systems needed at each of the 
Borough’s five wells.  These calculations have performed based on the flow rate in each 
well and utilizing resin manufactured by Purolite.  Three distinct size tanks and resin bed 
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volumes were determined to be appropriate.  The sizing considerations are summarized 
below.  

Table 3.3 - IX Treatment Design Parameters  
 

Design Factors Wells 7, 9, & 
12 

Well 8  Well 12 

Design Flow Rate (gpm) 350 250 200 

No. of Trains 1 1 1 

No. of Vessels per Train 2 2 2 

Vessel Diameter (ft) 7 6 5 

Vessel Height (ft) 12.6 12.2 10 

Vessel Operating Configuration Series 
(Lead/Lag) 

Series 
(Lead/Lag) 

Series 
(Lead/Lag) 

IX Resin per Vessel (gallons) 1050 750 600 

Bed Volume per Vessel (ft3) 140 100 80 

Empty Bed Contact Time per Train 
(minutes)  

3 3 3 

Maximum Head Loss through Train (psi) 11 11 11 

Hydraulic Loading Rate (gpm/ft2) 
 

9.1 8.8 10.2 

 

IX treatment vessels do not require backwash of the filters following replacement of the 

resin beds.  This eliminates the need for a large capacity supply of backwash water and 

sanitary sewer connection.  

 

IX resin has a greater capacity for removal of contaminants per volume than GAC.  The 

IX resin contained within the lead vessel of each treatment system is projected to remove 

PFAs to non-detect levels for a period of approximately 3 years.  When breakthrough is 

detected, the resin bed would be replaced.  IX resin is a single use filter media and spent 

media would be disposed of by high temperature incineration.   

 

The IX treatment system is recommended to be located in a 36 ft long x 24 ft wide x 16 ft 

high eaves building near the existing pump house buildings.  The disinfectant and any 

other chemical feeds would be applied following the IX treatment.  The building would 

also house necessary flow meters, electrical equipment, and associated piping, valves, 

and miscellaneous equipment. 

 

Operational costs of the IX treatment systems would also include regular testing of PFAS 

levels on the influent water, between the two GAC vessels, and on the effluent water on 

a monthly basis.  The cost of this testing is estimated at $1,000 per month per well.  

 

IX resin replacement for the lead GAC vessels is estimated to be required every three 

years.  Resin purchase and disposal costs are currently $450 per cubic foot of resin.  This 

would be an annualized cost of $81,000 per year, based on treatment of all five (5) wells. 
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Detailed capital cost estimates for the purchase of IX treatment vessels, IX media, 

building construction, electrical equipment, along with engineering, permitting, 

construction oversight and contingencies are included in the Cost Estimates section of 

this report. The Capital Costs are summarized in the Table below. 

 

Table 3.3 – Capital Costs of IX Treatment Systems 

 

Well No. Estimated Capital Cost 

7 $1,760,000 

8 $1,553,750 

9 $1,760,000 

10 $1,760,000 

12 $1,416,250 

Total $8,250,000 
 

3.3 Reverse Osmosis (RO) Treatment 

Reverse Osmosis (RO) is a type of membrane filtration treatment which is a pressure 
driven process that retains all ions on one side of an osmotic membrane and purified 
water passes through the membrane. Reverse osmosis is a very fine level of filtration 
which can remove particles as small as 0.001-micron size.  RO treatment has been shown 
to be highly effective in removing PFAS compounds from water. Third party testing of the 
equipment we have considered in this study showed removal of both long and short chain 
PFAS compounds to non-detect levels, even from waters with high influent 
concentrations.   Reverse Osmosis is the final type of treatment listed by USEPA as Best 
Available Technology for removal of PFAS. 
 
RO treatment varies from GAC and IX treatment in that it is a physical separation type 
treatment rather than a chemical adsorption-based treatment. RO treatment systems use 
feed pumps to pressurize the water to be treated and forced through the osmotic 
membrane.  The RO equipment we have reviewed for this study uses three feed pumps 
from 40 to 100 horsepower each, as well as a circulation pump of 15 to 20 horsepower.   
The existing electrical service to the well systems will need to be evaluated to determine 
if existing service is adequate for the additional loads.  The capability of the existing 
emergency generators will also need to be reviewed.  The RO systems include all 
electrical controls for the pumps and monitoring of the RO process. Electrical use costs 
for the RO treatment are considerable, and power consumption is estimated to add 
$3,000 per month to each well site.  This would be an estimated total cost of $180,000 
per year for all five of the Borough’s well utilizing IX treatment.  
 
The RO equipment manufacturers also recommend the addition of antiscalant chemical 
to maintain the function of the RO membranes. The costs of antiscalant chemical are 
estimated to be $150 per month per site.  Additionally, the RO units require periodic 
cleaning and a clean in place tank system is also needed at each site. 
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Another item to be considered is the waste stream from the RO system.  The RO process 
will create a concentrated brine containing the rejected minerals and PFAS compounds.  
The waste rate of the RO system is estimated at approximately 10% of the water input.  
This brine water will include concentrated PFAS compounds up to approximately 250 
parts per trillion.  PADEP and the local sewer utility will likely require the PFAS 
compounds be removed before the waste stream can be discharged to the sewer.  To 
remove the PFAS compounds, we would recommend the use of a small granulated 
activated carbon (GAC) system.  The carbon contactor would contain 2,000 pounds of 
GAC; PFAS would be removed to non-detectable levels.  The carbon is anticipated to be 
effective for over 6 months before a carbon changeout is required. Annualized cost of 
carbon replacement is estimated to be $90,000.    
 
The RO membranes are contained in long cylindrical pressure vessels and the number 
of membranes needed is varied based on the flow requirements. The manufacturer has 
recommended three different treatment unit sizes, with 10, 12, and 15 pressure vessels 
and 50, 60, and 75 membranes, respectively.  The RO units are contained on equipment 
skids including the feed pumps and piping.  These skids are approximately 27.5’ long and 
6.3 feet wide; the RO skids are 8’ tall, this would allow the building rooflines to be lower 
than those for the GAC or IX treatment units.    

 

RO Treatment Design Parameters  
 

Design Factors Wells 7, 9, & 
12 

Well 8  Well 12 

Design Flow Rate (gpm) 350 250 200 

No. of Skids 1 1 1 

No. of Pressure Vessels per Skid 15 12 10 

No. of RO Membranes per Skid 75 60 50 

Feed Pumps (Horsepower) 60/75/100 50/60/75 40/50/60 

Circulation Pump (Horsepower) 20 15 15 
 

RO treatment system does not require backwash of the membranes, but a sanitary sewer 
connection would be needed for the effluent of the carbon absorber vessels on the waste 
stream.   

RO membranes are projected to remove PFAS to non-detect levels for a period of 
approximately 5 years, before replacement would be required. Replacement cost of the 
membranes is $600 each.  An outside service technician would be needed for these 
replacements.  Total cost for replacement of membranes at all five of the Borough’s wells 
after five years of services is estimated $220,000.   

The RO treatment system is recommended to be located in a 36 ft long x 24 ft wide x 12 
ft high at the eaves building near the existing pump house buildings.  The disinfectant and 
any other chemical feeds would be applied following the IX treatment.  The building would 
also house necessary flow meters, electrical equipment, and associated piping, valves, 
and miscellaneous equipment. 
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Operational costs of the RO treatment systems would also include regular testing of PFAS 
levels on the influent and effluent water on a monthly basis.  The cost of this testing is 
estimated at $1,000 per month per well.  

Detailed capital cost estimates for the purchase of RO treatment equipment, building 
construction, electrical equipment, along with engineering, permitting, construction 
oversight and contingencies are included in the Cost Estimates section of this report. The 
Capital Costs are summarized in the Table below. 

Table 3.3 – Capital Costs of RO Treatment Systems 

Well No. Estimated Capital Cost 

7 $1,897,500 

8 $1,863,125 

9 $1,897,500 

10 $1,897,500 

12 $1,780,625 

Total $9,336,250 

 

4.0 PERMITTING REQUIREMENTS 

A summary of the anticipated permits is provided below by permit type: 

4.1 PADEP Public Water Supply (PWS) Permit 

The addition of any treatment processes or modification to existing public water supply 
systems require a PADEP PWS Permit.  PADEP has varying requirements for the 
issuance of permits depending upon the type of treatment proposed. 

PWS permits for granular activated carbon (GAC) treatment systems can be obtained 
through the regular permitting process.  PADEP has a high level of confidence in GAC 
treatment and GAC has been shown not to have any impact on water chemistry related 
to corrosion control and the Lead and Copper regulations.  Issuance of PWS permits for 
GAC is relatively simple and permits can be expected within a few months of submission 
of a completed application. 

PWS permits for Ion Exchange (IX) systems for PFAS treatment systems are more 
difficult to obtain than permits for GAC treatment.  The PADEP currently considers IX 
treatment for PFAS removal as “innovative technology” and has required significant pilot 
testing of the treatment equipment on the specific water source.  The initial guidelines 
provided for pilot testing required the test extends through three calendar seasons (9 
months) to study the effect of seasonal temperature variations.  Based on that length of 
the required testing and the expense of multiple laboratory tests for PFAS compounds, 
permitting of IX systems would add significant costs and delay the implementation of IX 
treatment.  PADEP has begun to soften its policy and we have received from PADEP 
Southeast Region the following statement: “Piloting requirements for ion exchange 
treatment for PFAS removal are determined on a case by case basis.  Piloting is often 
required at this stage, but if water systems can show that pilot testing already exists for 
water quality similar to that at the proposed sources, it is possible that a pilot may not be 
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required.  With or without the pilot, the permit may still be issued as an innovative 
technology permit.”   

Based on the quote from PADEP, we would recommend laboratory testing of the raw 
water at each well to determine water quality to make comparisons to water quality in the 
Warminster wells being treated with IX.  If they are similar, piloting requirements could be 
greatly reduced.  At the very least, we would hope to show that the water quality of all five 
of the Borough’s wells is similar to each other in order to only conduct one pilot test rather 
than up to five separate pilot tests.        

As mentioned previously, GAC vessel systems can be converted to use IX resin if the 
permitting requirements were to be eased in the future as PADEP gains experience with 
these systems.  If new maximum contaminant levels for PFAS are enacted, the PADEP 
will likely be forced to simplify its permitting procedures for IX treatment units.  

Permits would also be required for the installation of reverse osmosis treatment units; the 
PADEP will also require pilot testing for RO treatment systems.  The RO treatment 
process removes minerals and other ions in the water in addition to the PFAS compounds; 
this can impact the corrosive characteristics of the drinking water and therefore, is a 
concern.  Additionally, the treatment and handling of the waste stream would be a 
significant issue that would have to be thoroughly documented for permitting.  

4.2 Bucks County Water and Sewer Sanitary Sewer Connections 

Sanitary sewer connections would be required for GAC and RO systems installations.  
This will require sewage facilities planning for any sites currently without a sewer 
connection.  Details of the quantity and chemical characteristic of the flow would need to 
be documented for the connections. 

4.3  Doylestown Borough Permits 

Coordination with the staff of the Borough’s Building and Zoning Department will be 
required to determine local requirements and approvals applicable.  Permits for building, 
electrical, plumbing, stormwater and grading will be necessary.  Specific site 
considerations are included in the following section of this report, however, based on the 
existing lot sizes and the area needed for construction of treatment buildings, variances 
for setbacks and related ordinances will be required. 

5.0  SITE CONSIDERATIONS 

A summary of the site considerations for each of the five existing well sites is provided 
below: 

5.1 Well No. 7 

Well No. 7 is located within a small building that is a portion of the Central Bucks EMS 
facility on East Street near Easton Road (S.R. 0611).  The existing building and parking 
area take up the majority of the 0.91-acre lot area.  A small area of lawn exists adjacent 
to the parking lot, on which the treatment building could be constructed.  This location 
would require variances of building setbacks and would have visual impact on 



14 
 

neighboring residential properties.  Careful coordination would be required during 
construction to avoid impact on the Emergency Squad operations.  

5.2  Well No. 8 

Well No. 8 is located within a small building in the parking area for the William E. Neis 
Community Park on West Street near Doyle Elementary School.  A potential location for 
a treatment building exists between one of the ballfields and the tennis courts.  The 
building is a reasonable distance from the nearby condominiums.   

5.3  Well No. 9 

Well No. 9 is located within Veterans Memorial Park in the Maplewood subdivision near 
the existing water storage tank.  Adequate area does exist in the park for a treatment 
building.  Development of a site near the wellhouse would require clearing of trees for the 
building and truck access.   

5.4   Well No. 10 

Well No. 10 is located on a 0.288-acre parcel off Sandy Ridge Drive near the Route 611 
By-pass.  Area does exist within the existing parcel for the construction of a treatment 
building.  Variances may be necessary for setbacks on this parcel.   

5.5   Well No. 12 

Well No. 12 is located within Chapman Park near the Borough Dam.  Area does exist for 
construction of a treatment system near the existing wellhouse.  This may have some 
adverse effect to recreation in the park, particularly during construction. 

6.0 OTHER WATER SUPPLY SOURCES 

In addition to the Borough’s five water supply wells, the Borough has nine (9) 
interconnections to the Doylestown Township Municipal Authority (DTMA) water system 
creating the ability to transfer water between the two systems.  DTMA supplies their 
system with ten groundwater supply wells and is currently also evaluating the impact of 
PFAS contamination on those wells  and their options for treatment.  DTMA also has an 
interconnection with North Penn Water Authority (NPWA) and receives water from the 
Forest Park surface water treatment plant in Chalfont.  The Forest Park treatment plant 
includes membrane filtration and activated carbon treatment.  Water could be transferred 
from NPWA through DTMA water mains to Doylestown Borough to replace the capacity 
of wells not equipped with treatment.  Flow testing and perhaps a hydraulic model of the 
piping systems may be needed to determine the maximum flows that could be transferred.  
Additionally, the existing interconnection agreements with DTMA would require 
modification and an additional agreement with NPWA may be needed.  

We have made preliminary inquiries with DTMA about supplying drinking water to the 
Borough on a wholesale basis, and they have responded positively.  There are three 
possible locations for transfer of bulk quantities of water to the Borough.  The existing 
Taversall  interconnection operates at a higher pressure gradient on the DTMA side and 
could transfer water to the Borough’s distribution system. Currently, DTMA supplies 
approximately 15,000 gallons per day to the Borough, and this interconnection has been 
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used to supply approximately 100,000 gallons per day several times in the past, when 
Borough wells were off-line for maintenance.  A second possibility is the existing Broad 
Street interconnection at the intersection of Shady Retreat Road and Broad Street.  The 
DTMA pressure gradient at this location is significantly higher than the Borough’s water 
pressure and with minor modifications, the interconnection could transfer significant 
quantities of drinking water. Testing of water main pressures at each of these 
interconnections should be checked and, if allowable, hydrant flow testing could be 
conducted to verify the quantity of drinking water that could be transferred. 

Finally, North Penn Water Authority and the North Wales Water Authority are beginning 
construction of a large diameter transmission main in Ferry Road which will be capable 
of transferring additional drinking water into the DTMA system, which in turn could be 
transferred to Doylestown Borough. 

The Borough’s drinking water production/usage in 2021 as shown on Page 2 of this report 
was 967,000 gallons per day. For estimating purposes, DTMA has provided an initial 
wholesale rate of $3.80 per 1,000 gallons.  DTMA has further stated that the rate could 
possibly be negotiated to a better price based on possibly creating tiered price structure 
depending on the quantity of drinking water contracted.  Based on the $3.80 per thousand 
gallon rate, a conservative estimate of purchased drinking water can be calculated.  For 
a supply of 970 one thousand gallon units per day, the Borough would incur a cost of 
$3,686 per day or $1,345,390 per year if all of the Borough’s wells were taken out of 
service. 

 

7.0 COST SUMMARY 

A summary of the capital costs for each treatment option is provided below. 

Table 7.0 – Estimated Capital Costs 

 

Treatment 
Type 

Well 7 Well 8 Well 9 Well 10 Well 12 Total 
Cost 

GAC $1,913,450 $1,704,587 $1,913,450 $1,913,450 $1,704,587 $9,149,524 

IX $1,704,587 $1,553,750 $1,704,587 $1,704,587 $1,416,250 $8,250,000 

RO $1,897,500 $1,863,125 $1,897,500 $1,897,500 $1,780,625 $9,336,250 

 

Table 7.1 – Annualized Estimated Operational & Maintenance Costs  

Cost Category GAC 
Treatment  

IX 
Treatment 

RO 
Treatment 

Purchased 
Water 

Media Changeout Costs $160,000 $81,000 $44,000 N/A 

Laboratory Testing $60,000 $60,000 $60,000 $10,000 

Additional Electrical Energy N/A N/A $180,000 N/A 

Additional Hazardous Waste 
Removal (RO brine treatment) 

 
N/A 

 
N/A 

 
$90,000 

 
N/A 

Bulk Purchase of Water  N/A N/A N/A $1,345,390 

TOTAL ANNUALIZED COST $220,000 $141,000 $374,000 $1,355,390 
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The purchase of bulk water has a high annual cost, but it would not require the capital 
cost expenditure. 

 

8.0 SUMMARY, CONCLUSION, AND RECOMMENDATIONS 

Three treatment technology options have been considered for the five water supply wells 
operated by Doylestown Borough. Each of the technologies can meet the Borough’s 
treatment goals.  Although the total project costs for the three treatment options are 
relatively close together, the operational and maintenance costs for each of the options 
must also be considered.  In addition, due to the Borough’s current interconnections with 
DTMA, the bulk purchase of water and decommissioning of the Borough’s wells is a 
potential alternative to be considered. However, due to the annual cost of this option and 
the Borough having to become dependent on another public water system for the supply 
of water, this may not be the best solution for the Borough. 

RO treatment has the highest capital cost and highest operational and maintenance cost 
considering the electrical power usage and the need for disposal of carbon treating the 
RO system waste brine.  Based on those operational cost considerations, we do not 
consider RO treatment to be the best option for the Borough.   

Capital costs of IX treatment is very close to that of GAC treatment. In addition, IX will 
offer lower operational costs as the media is longer lasting and a smaller volume of media 
is needed.  However, as stated previously, the PADEP considers IX treatment for PFAS 
removal “innovative treatment” and requires pilot testing of the technology on the source 
water.  Conducting pilot testing would add to the timeline for installing treatment on the 
Borough’s wells.  As a result, we recommend monitoring the PADEP’s actions in issuing 
permits for IX treatment and possibly considering IX resin treatment as the alternative 
selected initially or possibly in the future through the change-out of media.    

GAC treatment for the Borough’s five wells has the lowest capital cost and moderate 
operational cost.  The treatment is proven and relatively easy to operate. GAC is readily 
permitted by PADEP and would be the most expedient path to providing drinking water 
treated for PFAS removal.  In addition, moving forward on preliminary designs and 
permitting for the well stations may put the Borough in the best position for securing any 
State or Federal funding of PFAS treatment.  An implementation schedule is provided 
below based on GAC treatment as the alternative selected. 

GAC Well Treatment Implementation Schedule 

PHASE Duration (Months) 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

Design                         

Permitting                         

Bidding                         

Construction                         
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Due to the capital cost of treatment, we would recommend the Borough continue in 
identifying funding sources, particularly grants for the construction of treatment systems 
for the Borough’s wells.  In addition to consideration of moving forward on GAC treatment 
of the wells, we would also recommend moving ahead with discussions with DTMA on 
operational and contractual consideration involved in obtaining drinking and moving water 
from North Penn Water Authority and the Forest Park treatment plant through Doylestown 
Township and into the Borough.  By developing a secure source of purchased drinking 
water supply from DTMA, it would allow the Borough time to secure funds and perform 
the necessary design, permit, and construct GAC treatment systems.   

8.1 Comparative Summary Matrix 

The following is a “Comparative Summary” matrix identifying the various items to consider 
with each treatment option along with the bulk purchase of water. 
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      DOYLESTOWN BOROUGH PUBLIC DRINKING WATER SYSTEM 
PFAS TREATMENT ALTERNATIVES ANALYSIS 

COMPARATIVE SUMMARY 

 
PFAS TREATMENT – 

GRANUALAR ACTIVATED 
CARBON (GAC) AT WELL 

STATIONS 

PFAS TREATMENT – ION 
EXCHANGE RESIN (IX) AT 

WELL STATIONS 

PFAS TREATMENT – REVERSE 
OSMOSIS (RO) AT  
WELL STATIONS 

PURCHASE OF BULK WATER 
SUPPLY FROM 

DTMA AND NPWA 

1.  Scope Installation of GAC treatment 
systems at each of the Borough’s 
five (5) groundwater wells, 
Construction of additional 
treatment building at each site 
included. 

Installation of IX treatment 
systems at each of the 
Borough’s five (5) groundwater 
wells, Construction of 
additional treatment building at 
each site included. 

Installation of RO treatment systems at 
each of the Borough’s five (5) 
groundwater wells, Construction of 
additional treatment building at each 
site included. 

Purchase additional bulk water 
supply of drinking water treated at 
the NPWA Forest Park Water 
Treatment Plant, transferring 
water through DTMA mains to the 
Doylestown Borough distribution 
system.  

2.  Capital Cost  
     (Total Project) 

$9,149,524(1) $8,250,000(1) $9,336.250(1) $0(1) 

3.  Operation Cost  
     (Yearly) 

$160,000 (GAC replacements)(2)  
$60,000 (laboratory testing)(4) 

$81,000 (resin exchange)(2)  
$60,000 (laboratory testing)(4) 

$44,000 (membrane replacements)(2) 
$60,000 (laboratory testing)(4) 

$180,000 (electrical energy costs) 
$90,000 (annual costs of GAC 
replacement and disposal from 
concentrated PFAS waste stream.) 

$1,345,390 (water purchase)(3) 

$10,000 (laboratory testing)(4)  

4.  Design  
     Considerations 

Additional building at each well 
site, some sites have limited area 
available for construction.  GAC is  
proven treatment for PFAS and 
does not require pilot testing. 
Sanitary sewer connection 
needed at each site. 

Additional building at each well 
site, some sites have limited 
area available for construction.  
IX is  proven treatment for 
PFAS but will require pilot 
testing. Sanitary sewer 
connection needed at each 
site. 

Additional building at each well site, 
some sites have limited area available 
for construction.  RO is capable for 
removing PFAS but will require pilot 
testing. Additional GAC treatment 
needed for concentrated PFAS waste 
stream.  Sanitary sewer connection 
needed at each site. 

No building construction needed.  
Minor field testing to verify 
capacity and pressures available. 
New/revised legal agreements 
with DTMA and NPWA. Minor 
PADEP permitting approvals 
needed. 
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      DOYLESTOWN BOROUGH PUBLIC DRINKING WATER SYSTEM 
PFAS TREATMENT ALTERNATIVES ANALYSIS 

COMPARATIVE SUMMARY 
(CONTINUED) 

 
PFAS TREATMENT – 

GRANUALAR ACTIVATED 
CARBON (GAC) AT WELL 

STATIONS 

PFAS TREATMENT – ION 
EXCHANGE RESIN (IX) AT 

WELL STATIONS 

PFAS TREATMENT – REVERSE 
OSMOSIS (RO) AT  
WELL STATIONS 

PURCHASE OF BULK WATER 
SUPPLY FROM 

DTMA AND NPWA 

5.  Remarks: 
 
     Pros: 
 
 
     
      
     
 
 
     
   Cons: 

    
 
Proven technology, ease of 
operation. 
 
Moderate operating costs.  
 
Operation independent of other 
water sources and/or public 
water systems. 
 
Site constraints to construct 
treatment systems. 
 
Building addition/expansion in 
open space may not be easily 
accepted by neighbors. 

 
 
Proven technology, ease of 
operation. 
 
Lowest operating costs.  
 
Operation independent of other 
water sources and/or public 
water systems. 
 
Site constraints to construct 
treatment systems. 
 
Building addition/expansion in 
open space may not be easily 
accepted by neighbors. 
 
Pilot testing required which will 
delay implementation. 

 
 
Operation independent of other water 
sources and/or public water systems. 
 
 
 
 
 
 
 
Highest capital cost. Highest annual 
operations and maintenance cost.  
Complex operation.  Additional 
disposal of concentrated waste stream. 
Pilot testing required. Site constraints 
to construct treatment systems.   

 
 
Lowest implementation cost.  
Could be in service before other 
alternatives.  Some additional 
price negotiation/discount is 
possible. 
 
 
 
 
Dependence on other water 
supplies/water systems to meet 
Borough’s needs. 
Subject to future rate hikes. 

NOTES: 

(1)  Based on PFAS Treatment Alternatives Analysis for Doylestown Borough - prepared by CKS Engineers, Inc. dated February 2023. 

(2)  Annualized cost based on media replacement costs shown in study. 

(3)  Annual cost based on a rate of $3.80/1,000 gallons and an average use of 970,000 gpd (970 x $3.80/1,000 gal x 365 days = $1,345,390). 

(4)  Annual operational cost. 

 



 
 
 
 
 

COST ESTIMATES 
 

GAC TREATMENT  



 

TABLE 1 
DOYLESTOWN BOROUGH – WELLS 8 & 12 

PFAS TREATMENT WITH GRANULAR ACTIVATED CARBON 
 

PROJECT COST ESTIMATE PER WELL 

Item 
No. 

Description 
Lump Sum Cost 

 

Construction Cost 

1.  Brick and Block Treatment Building – 28’x 40’ $425,000 

2.  GAC Treatment System, Installed 
     2 - 8’ diameter Vessels - 10,000 lbs. GAC each  

 
$395,000 

3.  Yard Piping (8” DIP, Fittings and Valves) $160,000 

4.  Controls and Instrumentation  $  80,000 

5.  Electrical, Lighting, Heating and Ventilation $175,000 

6.  Site Work/Restoration $  30,000 

SUBTOTAL – ITEMS 1-6 $1,265,000 

CONTINGENCIES (10%) $126,500 

TOTAL CONSTRUCTION COST $1,391,500 

ENGINEERING DESIGN AND BIDDING (10%) $139,150 

PERMITTING (2.5%) $34,787 

CONSTRUCTION OVERSIGHT & INSPECTION (10%) $139,150 

TOTAL PROJECT COST PER WELL  $1,704,587 

  



TABLE 2 
DOYLESTOWN BOROUGH – WELLS 7, 9, & 10 

PFAS TREATMENT WITH GRANULAR ACTIVATED CARBON 
 

PROJECT COST ESTIMATE PER WELL 

Description 
Lump Sum Cost 

 

Construction Cost 

1.  Brick and Block Treatment Building – 28’x 40’ $425,000 

2.  GAC Treatment System, Installed 
     2 – 10’ diameter Vessels - 20,000 lbs. GAC each  

 
$550,000 

3.  Yard Piping (8” DIP, Fittings and Valves) $160,000 

4.  Controls and Instrumentation  $  80,000 

5.  Electrical, Lighting, Heating and Ventilation $175,000 

6.  Site Work/Restoration $  30,000 

SUBTOTAL – ITEMS 1-6 $1,420,000 

CONTINGENCIES (10%) $142,000 

TOTAL CONSTRUCTION COST $1,562,000 

ENGINEERING DESIGN AND BIDDING (10%) $156,200 

PERMITTING (2.5%) $39,050 

CONSTRUCTION OVERSIGHT & INSPECTION (10%) $156,200 

TOTAL PROJECT COST PER WELL $1,913,450 

 

 

 

  



 
 
 
 
 

COST ESTIMATES 
 

IX TREATMENT  



TABLE 3 
DOYLESTOWN BOROUGH – WELL 12 

PFAS TREATMENT WITH IX RESIN  
 

PROJECT COST ESTIMATE PER WELL 

Item 
No. 

Description 
Lump Sum Cost 

 

Construction Cost 

1.  Brick and Block Treatment Building – 24’x 36’ $360,000 

2.  IX Treatment System, Installed 
     2 - 5’ diameter Vessels – 80 FT3 of IX resin each  

 
$250,000 

3.  Yard Piping (8” DIP, Fittings and Valves) $160,000 

4.  Controls and Instrumentation  $  80,000 

5.  Electrical, Lighting, Heating and Ventilation $150,000 

6.  Site Work/Restoration $  30,000 

SUBTOTAL – ITEMS 1-6 $1,030,000 

CONTINGENCIES (10%) $103,000 

TOTAL CONSTRUCTION COST $1,133,000 

ENGINEERING DESIGN AND BIDDING (10%) $113,300 

PERMITTING (5%) $56,650 

CONSTRUCTION OVERSIGHT & INSPECTION (10%) $113,300 

TOTAL PROJECT COST PER WELL $1,416,250 

 

  



TABLE 4 
DOYLESTOWN BOROUGH – WELL 8 
PFAS TREATMENT WITH IX RESIN  

 
PROJECT COST ESTIMATE PER WELL 

Item 
No. 

Description 
Lump Sum Cost 

 

Construction Cost 

1.  Brick and Block Treatment Building – 24’x 36’ $360,000 

2.  IX Treatment System, Installed 
     2 - 6’ diameter Vessels – 100 FT3 of IX resin each  

 
$350,000 

3.  Yard Piping (8” DIP, Fittings and Valves) $160,000 

4.  Controls and Instrumentation  $  80,000 

5.  Electrical, Lighting, Heating and Ventilation $150,000 

6.  Site Work/Restoration $  30,000 

SUBTOTAL – ITEMS 1-6 $1,130,000 

CONTINGENCIES (10%) $113,000 

TOTAL CONSTRUCTION COST $1,243,000 

ENGINEERING DESIGN AND BIDDING (10%) $124,300 

PERMITTING (5%) $62,150 

CONSTRUCTION OVERSIGHT & INSPECTION (10%) $124,300 

TOTAL PROJECT COST PER WELL $1,553,750 

  



TABLE 5 
DOYLESTOWN BOROUGH – WELLS 7, 9, & 10 

PFAS TREATMENT WITH IX RESIN 
 

PROJECT COST ESTIMATE PER WELL 

Description 
Lump Sum Cost 

 

Construction Cost 

1.  Brick and Block Treatment Building – 24’x 36’ $360,000 

2.  GAC Treatment System, Installed 
     2 – 10’ diameter Vessels - 20,000 lbs. GAC each  

 
$475,000 

3.  Yard Piping (8” DIP, Fittings and Valves) $160,000 

4.  Controls and Instrumentation  $  80,000 

5.  Electrical, Lighting, Heating and Ventilation $175,000 

6.  Site Work/Restoration $  30,000 

SUBTOTAL – ITEMS 1-6 $1,280,000 

CONTINGENCIES (10%) $128,000 

TOTAL CONSTRUCTION COST $1,408,000 

ENGINEERING DESIGN AND BIDDING (10%) $140,800 

PERMITTING (5%) $70,400 

CONSTRUCTION OVERSIGHT & INSPECTION (10%) $140,800 

TOTAL PROJECT COST PER WELL $1,760,000 

 

 
 
  



 
 
 
 
 

COST ESTIMATES 
 

RO TREATMENT 
  



TABLE 6 
DOYLESTOWN BOROUGH – WELL 12 

PFAS TREATMENT WITH RO MEMBRANES  
 

PROJECT COST ESTIMATE PER WELL 

Item 
No. 

Description 
Lump Sum Cost 

 

Construction Cost 

1.  Brick and Block Treatment Building – 24’x 36’ $360,000 

2.  RO Treatment System, Installed- 10 membranes $390,000 

3.  GAC treatment for Reject Brine $125,000 

4.  Yard Piping (8” DIP, Fittings and Valves) $160,000 

5.  Controls and Instrumentation  $  80,000 

6.  Electrical, Lighting, Heating and Ventilation $150,000 

7.  Site Work/Restoration $  30,000 

SUBTOTAL – ITEMS 1-7 $1,295,000 

CONTINGENCIES (10%) $129,500 

TOTAL CONSTRUCTION COST $1,424,500 

ENGINEERING DESIGN AND BIDDING (10%) $142,450 

PERMITTING (5%) $71,225 

CONSTRUCTION OVERSIGHT & INSPECTION (10%) $142,450 

TOTAL PROJECT COST PER WELL $1,780,625 

 

 

 

  



TABLE 7 
DOYLESTOWN BOROUGH – WELL 8 

PFAS TREATMENT WITH RO MEMBRANES  
 

PROJECT COST ESTIMATE PER WELL 

Item 
No. 

Description 
Lump Sum Cost 

 

Construction Cost 

1.  Brick and Block Treatment Building – 24’x 36’ $360,000 

2.  RO Treatment System, Installed- 12 membranes $450,000 

3.  GAC treatment for Reject Brine $125,000 

4.  Yard Piping (8” DIP, Fittings and Valves) $160,000 

5.  Controls and Instrumentation  $  80,000 

6.  Electrical, Lighting, Heating and Ventilation $150,000 

7.  Site Work/Restoration $  30,000 

SUBTOTAL – ITEMS 1-7 $1,355,000 

CONTINGENCIES (10%) $135,500 

TOTAL CONSTRUCTION COST $1,490,500 

ENGINEERING DESIGN AND BIDDING (10%) $149,050 

PERMITTING (5%) $74,525 

CONSTRUCTION OVERSIGHT & INSPECTION (10%) $149,050 

TOTAL PROJECT COST PER WELL $1,863,125 

  



TABLE 8 
DOYLESTOWN BOROUGH – WELLS 7, 9, & 10 

PFAS TREATMENT WITH RO MEMBRANES  
 

PROJECT COST ESTIMATE PER WELL 

Item 
No. 

Description 
Lump Sum Cost 

 

Construction Cost 

1.  Brick and Block Treatment Building – 24’x 36’ $360,000 

2.  RO Treatment System, Installed- 15 membranes $475,000 

3.  GAC treatment for Reject Brine $125,000 

4.  Yard Piping (8” DIP, Fittings and Valves) $160,000 

5.  Controls and Instrumentation  $  80,000 

6.  Electrical, Lighting, Heating and Ventilation $150,000 

7.  Site Work/Restoration $  30,000 

SUBTOTAL – ITEMS 1-7 $1,380,000 

CONTINGENCIES (10%) $138,000 

TOTAL CONSTRUCTION COST $1,518,000 

ENGINEERING DESIGN AND BIDDING (10%) $151,800 

PERMITTING (5%) $75,900 

CONSTRUCTION OVERSIGHT & INSPECTION (10%) $151,800 

TOTAL PROJECT COST  PER WELL $1,897,500 

 



 

 

 
 
 

LOCATION/SITE SCHEMATICS 
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CKS Engineers, Inc.                                                                                          April 13, 2023 

                                      Ref: #1100-91 

DOYLESTOWN BOROUGH PUBLIC DRINKING WATER SYSTEM 
PFAS TREATMENT ALTERNATIVES ANALYSIS 

COMPARATIVE SUMMARY 

 PFAS TREATMENT – GRANUALAR ACTIVATED 
CARBON (GAC) AT WELL STATIONS 

PFAS TREATMENT – ION EXCHANGE RESIN (IX) 
AT WELL STATIONS 

PFAS TREATMENT – REVERSE OSMOSIS 
(RO) AT WELL STATIONS 

PURCHASE OF BULK WATER SUPPLY FROM  

DTMA AND NPWA 

1.  Scope Installation of GAC treatment systems at each of the 

Borough’s five (5) groundwater wells, Construction of 

additional treatment building at each site included. 

Installation of IX treatment systems at each of the 

Borough’s five (5) groundwater wells, Construction of 

additional treatment building at each site included. 

Installation of RO treatment systems at each of 

the Borough’s five (5) groundwater wells, 

Construction of additional treatment building at 

each site included. 

Purchase additional bulk water supply of drinking 

water treated at the NPWA Forest Park Water 

Treatment Plant, transferring water through 

DTMA mains to the Doylestown Borough 

distribution system.  

2.  Capital Cost (Total Project) $9,149,524(1) $8,250,000(1) $9,336.250(1) $0(1) 

3.  Operation Cost (Yearly) $ 160,000 (GAC replacements)(2)  

$   60,000 (laboratory testing)(4) 

$ 81,000 (resin exchange)(2)  

$ 60,000 (laboratory testing)(4) 

$   44,000 (membrane replacements)(2) 

$   60,000 (laboratory testing)(4) 

$ 180,000 (electrical energy costs) 

$   90,000 (annual costs of GAC replacement 

and disposal from concentrated PFAS waste 

stream.) 

$1,345,390 (water purchase)(3) 

$     10,000 (laboratory testing)(4)  

4.  Design Considerations Additional building at each well site, some sites have 

limited area available for construction.  GAC is  proven 

treatment for PFAS and does not require pilot testing. 

Sanitary sewer connection needed at each site. 

Additional building at each well site, some sites have 

limited area available for construction.  IX is  proven 

treatment for PFAS but will require pilot testing. 

Sanitary sewer connection needed at each site. 

Additional building at each well site, some sites 

have limited area available for construction.  

RO is capable for removing PFAS but will 

require pilot testing. Additional GAC treatment 

needed for concentrated PFAS waste stream.  

Sanitary sewer connection needed at each 

site. 

No building construction needed.  Minor field 

testing to verify capacity and pressures available. 

New/revised legal agreements with DTMA and 

NPWA. Minor PADEP permitting approvals 

needed. 

5.  Remarks: 

     Pros: 

 

 

     

      

     Cons: 

    

Proven technology, ease of operation. 

Moderate operating costs.  

Operation independent of other water sources and/or 

public water systems. 

 

Site constraints to construct treatment systems. 

Building addition/expansion in open space may not be 

easily accepted by neighbors. 

 

Proven technology, ease of operation. 

Lowest operating costs.  

Operation independent of other water sources and/or 

public water systems. 

 

Site constraints to construct treatment systems. 

Building addition/expansion in open space may not 

be easily accepted by neighbors. 

Pilot testing required which will delay implementation. 

 

Operation independent of other water sources 

and/or public water systems. 

 

 

 

Highest capital cost. Highest annual operations 

and maintenance cost.  Complex operation.  

Additional disposal of concentrated waste 

stream. Pilot testing required. Site constraints 

to construct treatment systems.   

 

Lowest implementation cost.  Could be in service 

before other alternatives.  Some additional price 

negotiation/discount is possible. 

 

 

Dependence on other water supplies/water 

systems to meet Borough’s needs. 

Subject to future rate hikes. 

NOTES: 

(1)  Based on PFAS Treatment Alternatives Analysis for Doylestown Borough - prepared by CKS Engineers, Inc. dated February 2023. 

(2)  Annualized cost based on media replacement costs shown in study. 

(3)  Annual cost based on a rate of $3.80/1,000 gallons and an average use of 970,000 gpd (970 x $3.80/1,000 gal x 365 days = $1,345,390). 

(4)  Annual operational cost. 




