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1.0 Executive Summary 
The Townsend Water Treatment Plant (WTP) is adjacent to Lake Townsend and draws raw water from 
an intake near the lake’s dam. The plant is located in Guilford County, outside the City limits. Townsend 
WTP is surrounded by the lake and undeveloped, wooded land. The Townsend WTP was first 
constructed in the 1960s, and subsequently expanded in 1976 and 1993 to its current capacity of 
30 million gallons per day (MGD). It is a conventional coagulation-flocculation-sedimentation treatment 
facility using ferric sulfate coagulant and free chlorine and chloramines for disinfection. The Townsend 
WTP site has been constructed so additional facilities can be added; however, limitations on the source 
water will prevent the plant from being expanded to a capacity beyond 30 MGD.    

As discussed further within this memorandum, the Townsend WTP will be subject to complying with the 
U.S. Environmental Protection Agency (EPA) National Primary Drinking Water Regulation (NPDWR), 
which legally enforces maximum contaminant levels (MCLs) for six specific species of per-and 
polyfluoroalkyl substances (PFAS) in drinking water. As currently published, the NPDWR will require 
public water systems to reduce the regulated specifies of PFAS to below the MCL by April 2029 to be in 
compliance. An EPA press release in 2025 indicated that revision to the NPDWR will be forthcoming, 
including a 2-year extension to the compliance date, among other revisions.  

To help the City of Greensboro (City) meet compliance with forthcoming PFAS regulations, CDM Smith 
conducted a rapid small-scale column test (RSSCT) bench-scale analysis on the Townsend WTP combined 
filter effluent using granular activated carbon (GAC) and anion exchange (AIX) to evaluate the treatment 
effectiveness and media longevity for both treatment medias. Additionally, this memorandum provides 
conceptual-level design criteria for both treatment technologies, with the intent to design and construct 
a full-scale PFAS Treatment Facility ahead of regulatory compliance.  

Based on the successful performance of GAC in the bench scale testing in addition to other qualitative 
benefits outlined within this memorandum, the City concluded to proceed with GAC in gravity 
contactors for full-scale PFAS treatment. This would also provide operations and maintenance similarity 
between the Mitchell WTP and Townsend WTP. Information related to AIX is included in this 
memorandum for reference only.  

2.0 Introduction/Background 
The City of Greensboro (the City) owns, operates, and maintains two conventional surface water 
treatment plants, the Townsend Water Treatment Plant (WTP) and Mitchell WTP. The Townsend WTP is 
permitted for 30 million gallons per day (MGD) and sources water from Lake Townsend. The Mitchell 
WTP is permitted for 24 MGD and sources water from Lake Brandt. The Mitchell WTP is currently in the 
design phase of a major plant upgrade that includes a new per- and polyfluoroalkyl substances (PFAS) 
treatment system. The Townsend WTP includes coagulation-flocculation-sedimentation, filtration, and 
chlorination as the primary unit treatment process and has been averaging approximately 18 MGD of 
treated water flow. 

PFAS, including perfluorooctanoic acid (PFOA) and perfluorooctanesulfonic acid (PFOS), have been 
detected in raw and finished water at the Townsend WTP. Specifically, PFOA and PFOS were detected 
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above 4 parts per trillion (ppt) in raw water at the Townsend WTP. Presently, the City’s treatment goal 
for PFAS removal is to meet the current regulations for PFAS, which primarily includes reducing levels 
for PFOS and PFOA to each be below 4 ppt.  

CDM Smith was tasked with developing a conceptual design for a PFAS Treatment Facility at the 
Townsend WTP. This task also includes conducting a rapid small-scale column test (RSSCT) as part of the 
bench-scale testing to verify the effectiveness of granular activated carbon (GAC) and anion exchange 
(AIX) with the Townsend WTP source water. 

2.1 Plant Flow 

Table 1 and Figure 1 summarize the raw water pumped from Lake Townsend and the finished water 
pumped to the distribution system at Townsend WTP from January 2022 to June 2025. 

Table 1 Townsend Water Treatment Plant Flow Summary (MGD) 

Water Average Minimum Maximum 

Raw 17.14 6.67 23.58 

Finished 17.38 8.71 25.53 

 

 
Figure 1 Townsend Water Treatment Plant Flow 
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2.2 Water Quality 

CDM Smith reviewed City-furnished records, as well as additional water analytical data gathered by the 
City, dated January 2020 to June 2025, for PFAS and general water quality parameters for Townsend 
WTP. Key PFAS water quality data for the City’s Mitchell WTP were also reviewed for comparison. 

PFAS Parameters 

The City provided data for two PFAS compounds—PFOS (C8) and PFOA (C8). These data are summarized 
in Tables 2 and 3. The data indicate that the Townsend WTP has lower PFOA and PFOS concentrations—
in both their raw water and finished water—than the Mitchell WTP. Figures 2 through 5 present the 
PFAS data over the sampling period. An isolated spike in PFAS concentrations at both the Mitchell and 
Townsend WTPs was observed in Fall 2024. As discussed with the City, it was understood that these 
concentrations were an anomaly, but are included in the averages presented in Tables 2 and 3. 

Table 2 PFOA Data Summary at the Townsend and Mitchell Water Treatment Plants 

Plant Water 
Average 

(ppt) 

Minimum 

(ppt) 

Maximum 

(ppt) 
Number of 

Samples 

Townsend Raw 3.0 2.1 4.1 76 

Finished 3.0 0.0 4.1 83 

Mitchell Raw 3.9 2.2 8.3 124 

Finished 3.9 2.4 7.8 132 

 

Table 3 PFOS Data Summary at the Townsend and Mitchell Water Treatment Plants  

Plant Water 
Average 

(ppt) 

Minimum 

(ppt) 

Maximum 

(ppt) 
Number of 

Samples 

Townsend Raw 16.3 9.4 32.0 76 

Finished 16.6 9.1 34.0 83 

Mitchell Raw 27.3 9.7 96.0 124 

Finished 26.5 12.0 84.0 132 
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Figure 2 Townsend Water Treatment Plant PFOA Data 

 

 
Figure 3 Mitchell Water Treatment Plant PFOA Data 
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Figure 4 Townsend Water Treatment Plant PFOS Data 

 

 
Figure 5 Mitchell Water Treatment Plant PFOS Data 
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In addition, the Townsend WTP had four sampling events as part of the fifth Unregulated Contaminant 
Monitoring Rule (UCMR5), as shown in Table 4. These data show that while PFHxS levels were elevated  
for one of the events, PFOS levels exceeded their limit of 4 ppt for every event. 

Table 4 Fifth Unregulated Contaminant Monitoring Rule Sampling Results from 2023 to 2024  

Townsend WTP 

Date PFBA PFBS PFHxA PFHxS PFOS* PFPeA 

7/24/2023 10 3.3 5.7 10.5* 20.2 5.8 

10/16/2023  3.3 6.3 9.9 21.2 6 

2/5/2024   4.4 7.3 14.1 4.1 

4/23/2024  3 4.5 8.6 16.8 4.1 

*Exceeds current MCL set by EPA. Note EPA has published that it plans to remove the limits other than PFOS and PFOA in 
forthcoming changes to the initial PFAS Rule.  This includes removal of the Hazard Index from the initial rule. 

Other Water Quality Parameters 

To assess general water quality parameters for the Townsend WTP, CDM Smith reviewed the City’s 
monthly operating reports (MORs) from January 2022 to June 2025 and the City’s total organic carbon 
(TOC) data from January 2020 to June 2025. These data are summarized in Table 5. Figure 6 through 10 
show Townsend’s pH, raw water turbidity, alkalinity, total hardness, and TOC. The finished water is 
assumed to be similar to that of the post-filter water that would be fed to the PFAS treatment system in 
terms of the Table 5 parameters other than pH, although some treatment chemicals (such as for pH 
adjustment or corrosion control and final disinfection and disinfectant residual formation) will be added 
after the PFAS treatment system. 

Table 5 Townsend Water Treatment Plant General Water Quality 

Parameter Unit Water Minimum Average Maximum 

pH standard units 
(S.U.) 

Raw1,2 7.19 — 7.52 

Finished 7.07 7.92 8.31 

Temperature 
degrees 

Celsius (°C) 
Raw 8.50 20.48 31.50 

Turbidity Nephelometric 
Turbidity Units 

(NTU) 

Raw 0.99 3.75 18.58 

Finished 0.03 0.07 0.21 

Total 
Alkalinity3 

milligrams per 
liter (mg/L) 

Raw 19.15 31.98 45.5 

Finished 19.50 31.96 63.50 

Total 
Hardness4 

mg/L as 
calcium 

carbonate 
(CaCO3) 

Raw 15.5 29.04 66.00 

Finished 25.0 46.97 63.00 

TOC mg/L Raw 2.88 3.94 6.70 

Finished 1.32 2.02 3.76 

Iron mg/L Raw 0.00 0.18 2.57 
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Parameter Unit Water Minimum Average Maximum 

Finished 0.00 0.04 0.88 

Manganese mg/L Raw 0.00 0.09 2.79 

Finished 0.00 0.00 0.02 

1. MORs report daily minimum pH values. The average of the minimum pH over the data set period is presented. 

2. MORs report daily maximum pH values. The average of the maximum pH over the data set period is presented. 

3. Removed total alkalinity outlier on 10/11/2024, finished water = 206 mg/L; 4/18/2025, raw water = 166.5 mg/L. 

4. Removed total hardness outlier on 6/28/2022, raw water = 70.5 mg/L, finished water = 118 mg/L. Removed total hardness 

outlier on 10/13/2022, raw water = 71.5 mg/L, finished water = 119.5 mg/L. 

 

 

 
Figure 6 Townsend Water Treatment Plant pH 
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Figure 7 Townsend Water Treatment Plant Turbidity 

 

 
Figure 8 Townsend Water Treatment Plant Alkalinity 
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Figure 9 Townsend Water Treatment Plant Total Hardness 

 

 
Figure 10 Townsend Water Treatment Plant Total Organic Carbon 
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2.3 Regulatory Review and Treatment Goals 

PFAS are a class of highly persistent chemicals that can potentially affect human health and compromise 
the immune system and/or reproductive system or increase the risk of some cancers. Because of their 
common presence in consumer products, PFAS are becoming increasingly present in environmental 
systems. In response, on April 10, 2024, EPA announced the final National Primary Drinking Water 
Regulation (NPDWR), which contains legally enforceable levels (or maximum contaminant levels [MCLs]) 
for six specific PFAS in drinking water. Table 6 presents the promulgated MCLs for drinking water. Note 
EPA has published that it plans to remove the limits other than PFOS and PFOA in forthcoming 
changes to the initial PFAS Rule. This includes removal of the Hazard Index from the initial rule. 

Table 6 EPA National Primary Drinking Water Regulation Maximum Contaminant Levels  

Compound MCL (enforceable levels) 

Perfluorooctanoic Acid (PFOA) 4.0 ppt 

Perfluorooctane Sulfonate (PFOS) 4.0 ppt 

Perfluorononanoic Acid (PFNA) 10 ppt 

Perfluorohexane Sulfonate (PFHxS) 10 ppt 

Hexafluoropropylene Oxide Dimer Acid (HFPO-DA/GenX) 10 ppt 

Mixtures containing two or more of PFHxS, PFNA, HFPO-DA (GenX), and 
perfluorobutanesulfonic acid (PFBS) 

1 (unitless) Hazard Index (see below) 

 

The Hazard Index (HI) MCL is calculated as follows: 

Hazard Index = (
[GenXwater]

[10 ppt]
) + (

[PFBSwater]

[2000 ppt]
) + (

[PFNAwater]

[10 ppt]
) + (

[PFHxSwater]

[10 ppt]
) ≤ 1 

The values in the denominator of these four terms are the EPA-determined health-based water 
concentrations (HBWCs) for the corresponding compounds. In other words, concentrations below the 
HBWCs are “the level below which no health effects are known or expected for that PFAS and allow for 
an adequate margin of safety.”1 

A running annual average (RAA) approach calculates compliance, which means a single result of PFOA or 
PFOS that is slightly above the proposed MCLs would not result in a violation, assuming other quarterly 
samples remain below the MCLs. Any non-detect values or detected levels below the practical 
quantitation limits (PQLs) measured by an EPA-approved analytical method for drinking water are 
treated as zero for the purposes of this equation. As any one compound approaches its HBWC, the other 
three compounds must approach non-detect to keep the Hazard Index below 1. 

Moreover, the NPDWR states that public water systems have until 2027 to complete initial monitoring 
of PFAS, followed by ongoing compliance monitoring, and until April 2029 to implement solutions to 

 

1  https://www.epa.gov/system/files/documents/2024-04/pfas_npwdr_faqsstates_4.8.24.pdf  

https://www.epa.gov/system/files/documents/2024-04/pfas_npwdr_faqsstates_4.8.24.pdf
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reduce PFAS levels if the MCLs are exceeded. More specifically, the RAA from April 2028 until April 2029 
must be at or below the PFAS MCLs; hence, the implementation of removal technologies may be 
necessary prior to 2029.  

On May 14, 2025, EPA published a press release on its intent to amend the NPDWR. The press release 
noted the following: 

▬ Additional time would be needed to comply with the MCLs; extend the timeline from 2029 to 

2031. 

▬ Hazard Index would be rescinded and the associated regulations for PFHxS, PFNA, GenX, and 

PFBS would be reconsidered. The Hazard Index and listed compounds could be considered for 

regulation in the future. 

▬ PFOS and PFOA limits (4.0 ppt each) would be maintained. 

While this announcement information is not yet promulgated into regulation, these adjustments would 
allow the City more time to select and implement improvements to their WTP to comply with PFAS 
regulations. EPA stated that the amendments would be proposed in Fall 2025 (by the end of 2025), with 
the intent to finalize in Spring 2026. 

This memorandum, however, assumes that the City’s treatment goal is to comply with the current 
regulatory standard by reducing PFOS and PFOA levels to below the 4 ppt limit each. As presented in 
Table 6, it is understood that PFOS will be the driving compound for compliance at the Townsend WTP. 
While the Townsend WTP historical PFOS average is approximately 16 ppt, 2025 PFOS data averages are 
closer to 20 ppt. For this study, breakthrough at the Townsend WTP is defined as an effluent 
concentration that is 20% of the influent concentration, which should be approximately at the current 
MCL for PFOS. More frequent media changeout would achieve lower levels.  While PFBS and PFHxS are 
present in the City’s water (according to the UCMR5 data), the resulting Hazard Index is not as 
consistently above the limit as PFOS/PFOA and the HI is planned to be removed from the initial rule by 
EPA; hence, this memorandum assumes that the breakthrough of PFOA and PFOS will trigger media 
change-out. The City’s goal is to comply with the standard by April 2029. These targeted dates for 
compliance may change if the recent EPA announcement become finalized. 

2.4 Treatment Alternatives 

PFAS are a class of highly persistent chemicals that can potentially affect human health and compromise 
the immune system and/or reproductive system, or increase the risk of some cancers. Because of their 
common presence in consumer products, PFAS are becoming increasingly present in environmental 
systems. Owing to the stability of the C–F bonds present in perfluorinated alkyl acids such as PFOA and 
PFOS, they are not amenable to many conventional destructive treatment technologies. However, 
several technologies have been investigated for the effectiveness of PFAS removal, including GAC, AIX, 
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membranes, and higher energy oxidation processes. Only GAC and AIX are evaluated in this 
memorandum per the project scope of work. 

Granular Activated Carbon 

GAC adsorption is a well-established and proven treatment technology for removing regulated PFAS as 
well as other contaminants, including taste and odor (T&O)-causing compounds, volatile organic 
compounds (VOCs), color-forming organics, pharmaceuticals and personal care products (PPCPs), and 
disinfection by-products (DBP) precursors. 

PFAS removal using GAC has been in practice for more than two decades, and coal-based, coconut-
based, and lignite-based carbon are among the materials that have been investigated within the 
industry. GAC is produced from carbonaceous material, which is activated by heating the material to 
temperatures greater than 800°C. It is porous in nature and associated with high surface area and high 
adsorptive capacity, as demonstrated in Figure 11. CDM Smith has performed more than 100 bench-
scale RSSCTs and pilot-scale tests to evaluate different carbon types in both groundwater and surface 
water. Testing of various GAC products has revealed that the expected life of the media varies greatly 
depending on the manufacturer. 

Long-chained PFAS, particularly perfluorinated sulfonates such as PFOS, are treated very effectively 
using GAC because the hydrophobic tail has an increased chance of interacting with hydrophobic 
adsorptive GAC sites. In contrast, shorter-chained PFAS such as perfluorobutanoic acid (PFBA) are 
treated less effectively and, therefore, would be the driver for media change-out if targeted for removal. 
Bench-scale and/or pilot-scale testing is typically recommended to compare PFAS removal efficacy. 

 
Figure 11 Magnified Granular Activated Carbon Particle (Courtesy of Calgon Carbon Corporation) 

PFAS removal using post-filtration GAC depends on water-specific chemistry and the presence of 
co-contaminants.  

For PFAS treatment, GAC can be housed in either concrete (gravity) contactors (Figure 12, for larger 
systems) or in pressure vessels (Figure 13, for smaller systems). Concrete contactors may be a better 
option for larger installations because of the higher operation and maintenance (O&M) of a large 
number of valves associated with GAC pressure contactors and the lower capital cost associated with 
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common wall concrete construction.  For pressure vessels, GAC contactors are often installed in lead-lag 
configuration. When the lead vessel media breaks through, the media in the lead vessel is replaced and 
the previous lag vessel becomes the new lead, thus allowing the lag vessel to always have a higher 
adsorptive capacity. Alternatively, pressure contactors can be placed in parallel, such that the feed 
water is dispersed evenly across all contactors with media changeouts occurring as needed. Parallel 
operation is common for concrete contactors.  The advantage of this arrangement is that it requires half 
the number of contactor cells relative to the lead-lag configuration. The spent GAC media can be 
disposed (in a landfill) or reactivated. Reactivated media can be purchased at a lower cost. GAC 
contactors (steel pressure vessels or concrete contactor tanks) can be located either outdoors (which 
would include heat tracing of the piping) or inside a building. 

GAC is commonly used for PFOA and PFOS removal, with empty bed contact times (EBCTs) ranging from 
10 to 20 minutes. Under both configurations, GAC post-filter contactor adsorption occurs after any 
existing granular media filtration processes. 

 
Figure 12 Granular Activated Carbon Concrete Contactors 
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 Figure 13 Granular Activated Carbon Pressure Contactors 

Anion Exchange 

While GAC is the most extensively used treatment technology, use of AIX resins is increasingly common 
for PFAS removal (Figure 14). AIX involves the use of synthetic resins, with a fixed charge, which are 
used to remove charged contaminant ions through the exchange sites of the resin beads. These resins 
have loosely adsorbed negative ions attached to positive sites. Those anions are exchanged for 
negatively charged heads of PFAS molecules, for which the exchange sites have a higher affinity. PFAS 
are generally present in water in their anionic form (with a negative charge); therefore, AIX can remove 
PFAS from water. Depending on the exchanged anion, some resins release chloride (Cl–) into the 
drinking water effluent, potentially causing corrosion if not mitigated. Not only do the resin beads offer 
an exchange site for the anionic PFAS heads, but the resin matrix also typically comprises a material for 
which the hydrophobic chains may have an affinity, which could remove PFAS via adsorption. Like GAC, 
longer-chained PFAS are generally treated more effectively using AIX than shorter-chained counterparts. 
In addition, perfluorinated sulfonates are better removed than the carboxylates counterparts, 
potentially rendering shorter-chained perfluorinated carboxylates the driver for media change-out in 
cases that target their removal. 

Similar to GAC, performance of AIX resins for PFAS removal is a function of the species and 
concentrations of PFAS present in the influent water, target treated water PFAS concentrations, 
hydraulic conditions (flow rate, EBCT, and loading rate), resin properties (bead configuration and 
material), and water quality (elevated levels of TOC, iron, manganese, competing anions such as sulfate, 
nitrate, and bicarbonate, or the presence of co-contaminants/residuals such as chlorine, polyphosphate, 
or calcium thiosulfate). 
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Figure 14 Ion Exchange Resin 

For this alternative, AIX contactors would be added downstream of the 
filters and upstream of the clearwells. AIX resins can also be installed in a 
lead-lag or parallel configuration in pressure vessels like GAC, as shown 
in Figure 15. AIX resin has higher capacities for both long-chain and 
short-chain PFAS, demanding much less EBCT than GAC (2 to 3 minutes 
required for AIX and 10 minutes for GAC, according to Recommended 
Standards for Water Works [10 States Standards]). This results in shorter 
vessel height and lower overall equipment/building footprint, as 
compared to GAC pressure vessels. Unlike GAC, gravity adsorber 
configuration with resin has not been implemented at large full-scale 
WTPs and would be difficult because of the high headloss associated 
with the finer media. AIX media is often not recommended to be 
backwashed to protect the bed’s mass transfer zone, which makes the 
system vulnerable to potential pressure buildup or biological fouling. This 
is why pretreatment or other fouling control is typically recommended, 
or sometimes required, by resin manufacturers. 

Similar to the potential issues with fresh GAC media on overall water 
quality, putting new AIX resin media online requires careful conditioning and monitoring of a number of 
contaminants. Standard AIX that is in the chloride form may initially strip sulfate and bicarbonate 
alkalinity from the influent water and releases chloride until the resin is conditioned after many bed 
volumes when sulfate and bicarbonate breakthrough and chloride level subsides. While it is not a 
standard practice, the resin market is evolving to make resins in bicarbonate or another form available 
to help mitigate this issue. In addition to the removal of alkalinity, this poses corrosion control concerns 
by increasing the chloride-to-sulfate-mass ratio (CSMR), which is associated with galvanic corrosion of 
lead solder on copper piping, posing a risk to the Lead and Copper Rule compliance for the period of 
elevated chlorides. 

In addition to post-filter AIX contactors, the AIX treatment could also be considered downstream of the 
post-filter GAC contactors. The post-filter application in addition to GAC would combine the benefits of 
both GAC and AIX. Notably, this configuration is not typical at full scale for WTPs that are fed with 
surface water. For this option, there could be 10 minutes EBCT for GAC followed by 2.5 minutes EBCT for 
AIX. 

Figure 15 Ion Exchange 
Pressure Vessel 
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3.0 Rapid Small-Scale Column Testing Bench Test – Analytical Results 
To evaluate the possible alternatives, RSSCT testing or pilot testing is typically performed to determine 
the efficacy of various technologies for PFAS removal. RSSCT testing provides a comparative analysis of 
media performance, which can then be used to predict the life of the media. Alternatively, a full-scale 
pilot provides a more direct evaluation of the change-out frequency for a given media for a full-scale 
facility. However, full-scale pilot testing typically requires about 1 year of testing. 

Given the aggressive schedule to meet the compliance date, an alternative approach to pilot testing at 
the Townsend WTP was conducted—the approach would include scaling the Townsend RSSCT data to 
full-scale, based on prior bench-scale and pilot testing conducted at the Mitchell WTP. The City 
conducted RSSCT bench-scale testing at the Mitchell WTP in 2021 and conducted pilot testing at the 
Mitchell WTP from 2021 to 2022. The goal of this study was to conduct RSSCT bench-scale testing on the 
Townsend WTP and Mitchell WTP combined filter effluent to (1) validate results from the 2021 Mitchell 
WTP RSSCT bench-scale testing, (2) compare current RSSCT results with pilot results for the Mitchell 
WTP, and (3) attempt to use the relationship between the Mitchell WTP RSSCT bench-scale testing and 
pilot testing to establish a full-scale scaling factor on the Townsend WTP RSSCT bench-scale data. As 
such, the best performing GAC and AIX medias from the 2021 to 2022 Mitchell WTP pilot test were 
tested for this RSSCT bench-scale testing exercise – Calgon Filtrasorb 400 (F400) and Calgon CalRes 2301. 

Tables 7 and 8 show the baseline water quality data and PFAS analytical results for the water collected 
as part of this project to perform RSSCT for the Townsend and Mitchell WTPs. The following subsections 
present the results of the RSSCT bench-scale testing. 

Table 7 Baseline Water Quality Results 

*Of the metals analyzed by Eurofins, arsenic, total and dissolved iron, and total and dissolved manganese were not detected 
above their respective reporting limits of 0.001 mg/L, 0.01 mg/L, and 0.002 mg/L. 
1The lab results are used from Appendix C Table 4-1, Pilot Protocol City of Greensboro Advanced Treatment of Emerging 
Contaminants (HDR 2021). 

Analytes 

Mitchell WTP 

RSSCT1 

2021 

Mitchell WTP 

Pilot Test 

2021–2022 

Mitchell WTP 

RSSCT 

2025 

Lake Townsend 
WTP 

Units 

pH 6.9 6.7 6.9 6.8 S.U. 

TOC 1.4 1.6 1.7 1.9 mg/L 

DOC N/A 1.6 1.7 1.9 mg/L 

Alkalinity 28 22 21 18 
mg/L as 
CaCO3 

Chloride N/A 14 13 6.2 mg/L 

Sulfate N/A 25 28 35 mg/L 

Temperature N/A 21 18 17 °C 

Total Calcium* N/A 8.2 15 13 mg/L 

Total Magnesium* N/A 2.8 2.5 2.3 mg/L 
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Table 8 PFAS Detected in the Water Collected for Bench Testing 

Analytes* Analyte Name  

Mitchell WTP 

RSSCT1 

2021 

(ng/L) 

Mitchell WTP 

Pilot Test2 

2021–2022 

(ng/L) 

Mitchell WTP 

RSSCT 

2025 

 (ng/L) 

 Townsend 
WTP RSSCT 

2025 

 (ng/L) 

PFBA Perfluorobutanoic acid 2.5 3.5 2.6 3.0 

PFPeA Perfluoropentanoic acid 3.0 5.5 4.4 5.7 

PFHxA Perfluorohexanoic acid 3.3 6.1 4.7 6.5 

PFHpA Perfuoroheptanoic acid ND 2.4 2.2 2.3 

PFOA Perfluorooctanoic acid 2.5 3.6 3.0 2.8 

PFNA Perfluorononanoic acid ND 0.9 0.60 J 0.69 J 

PFDA Perfluorodecanoic acid ND 0.42 0.34 J 0.39 J 

PFBS 
Perfluorobutanesulfonic 
acid 

2.1 4.1 3.2 2.9 

PFPeS 
Perfluoropentanesulfonic 
acid 

ND 2.5 1.7 J 1.7 J 

PFHxS 
Perfluorohexanesulfonic 
acid 

8.4 12 10 8.1 

PFHpS 
Perfluoroheptanesulfonic 
acid 

ND 0.6 0.49 J 0.43 J 

PFOS 
Perfluorooctanesulfonic 
acid 

16 24 19 18 

6:2 FTS 
1H,1H,2H,2H-
Perfluorooctane sulfonic 
acid 

ND 3.5 0.59 J 0.88 J 

Hazard Index (unitless) 0.8 1.3 1.0 0.8 

*Of the 25 compounds on the EPA 533 target analyte list, only the 13 compounds shown were above their analytical detection 
limits in the plants’ waters. PFAS with set federal MCLs that must be within compliance by 2029 are noted in bold. The Hazard 
Index (a unitless MCL set at 1.0 by EPA) was calculated by CDM Smith. J flags indicate that values are estimates (below the 2.1 
nanograms per liter (ng/L) reporting limit, but higher than the method detection limit). ND – Non-detect 
1 The lab results for EPA 533 are used from Appendix C Table 4-1, Pilot Protocol City of Greensboro Advanced Treatment of 
Emerging Contaminants (HDR 2021). 
2 The raw PFAS data was used from Table 4-7 in Pilot Scale Testing Technical Memorandum City of Greensboro Mitchell Water 
Treatment Advanced Treatment of Emerging Contaminants (HDR 2022), since no influent PFAS data were provided for the main 
PFAS pilot. 
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While the proposed methodology was considered feasible, further inspection determined that the pilot 
data collected previously at the Mitchell WTP were not suitable for such an exercise. Specifically, the 
pilot data with the GAC media did not achieve breakthrough during the test, which made comparison 
between the RSSCT and pilot data inconclusive. As a result, CDM Smith used a combination of RSSCT 
results and water quality data to estimate a range of bed lives for both GAC and IX. 

The full results of the CDM Smith RSSCT testing are further discussed in the following subsections and 
are documented in Appendix A. Prior RSSCT experiments to the CDM Smith’s RSSCTs were evaluated; 
results were extrapolated (Figure 16) for both experiments using Calgon F400 with the Mitchell WTP 
source water. The figures presented extrapolate the bed volumes at breakthrough based on the raw 
analytical data collected during the RSSCT bench-scale testing using a Thomas model, a widely accepted 
approach for predicting breakthrough curves in adsorption columns. The Thomas model was adopted to 

linearize the breakthrough data using the relationship ln
𝐶0

𝐶
− 1 as a function of bed volumes, enabling 

consistent comparison between data sets and supporting projection to full-scale performance. It 
assumes Langmuir adsorption kinetics, meaning that the contaminant molecules adhere to a finite 
number of identical sites on the GAC surface until saturation is reached. Additionally, the model is based 
on near plug flow conditions, where water moves uniformly through the column without mixing or 
dispersion, allowing for a sharp and predictable breakthrough front. The Thomas model helps account 
for the use of reduced particle size media, which accelerates adsorption kinetics by shortening the 
internal diffusion path to adsorption sites. These assumptions make the model particularly effective in 
systems where adsorption is the primary mechanism of contaminant removal, providing a reliable 
framework for extrapolating bench-scale data to full-scale performance. 

For each of the four PFAS species shown in Figure 16, the RSSCT results follow a similar breakthrough 
trendline as compared to the 2021 RSSCT bench-scale testing, with CDM Smith’s RSSCT results providing 
a more conservative result for the bed volumes to reach breakthrough. 

While surveying the baseline water quality for the tests performed at the Mitchell WTP, the TOC levels 
were found to be higher for CDM Smith’s RSSCT compared with the past RSSCT. CDM Smith’s experience 
with PFAS treatment media indicates that even a tenth of a milligram per liter of TOC can significantly 
affect media adsorption capabilities, thereby impacting contaminant breakthrough. Furthermore, the 
PFOS levels from the previous RSSCT experiments were lower, relative to CDM Smith’s RSSCT. As a 
result, because of the higher TOC and PFOS levels in CDM Smith’s RSSCT, it is expected that the RSSCT 
would breakthrough sooner than the RSSCTs performed in 2021. 
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Figure 16 Comparison of the Rapid Small-Scale Column Test Results at the Mitchell Water Treatment Plant 
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3.1 Granular Activated Carbon Results 

The PFOS results of the RSSCT experiments for the Calgon F400, for both the Mitchell and Townsend 
WTPs, are displayed in Figure 17. For this study, the Townsend WTP PFOS breakthrough is defined as an 
effluent concentration that is 20% of the influent concentration, which should be approximately at the 
current MCL for PFOS. A 10% breakthrough is also displayed on all graphs, which corresponds to 
approximately half of the MCL. The Thomas model results are shown in Figure 18. For PFOS to reach 
20% breakthrough for the Townsend WTP source water, about 16,000 bed volumes were required for an 
EBCT of 10 minutes per the raw data. Using the Thomas model, about 18,000 bed volumes were 
required to reach 20% breakthrough. The former value was used to estimate O&M costs, for 
conservatism.  
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Figure 17 Results for CDM Smith Rapid Small-Scale Column Test at the Mitchell Water Treatment Plant 
(top) and Townsend Water Treatment Plant (bottom) with Granular Activated Carbon for PFOS. 
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Figure 18 Results of the Thomas Model for Rapid Small-Scale Column Test at the Townsend Water 
Treatment Plant with Granular Activated Carbon for PFOS. 

3.2 Anion Exchange Results 

The PFOS results of the RSSCT experiments for the Calgon CalRes 2301 for both the Mitchell and 
Townsend WTPs are displayed in Figure 19. The Thomas model results are shown in Figure 20. PFOS did 
not reach 20% breakthrough during the RSSCT for the Townsend WTP source water. For PFOS to reach 
20% breakthrough for the Townsend WTP source water, approximately 320,000 bed volumes were 
required for an EBCT of 2 minutes based on the Thomas model. This value for breakthrough based on 
the Thomas model is used to estimate O&M costs. A 10% breakthrough is also displayed, which 
corresponds to approximately half of the MCL. 
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Figure 19 Results for Rapid Small-Scale Column Test at the Mitchell (top) and Townsend (bottom) Water 
Treatment Plants with Anion Exchange for PFOS 
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Figure 20 Results for the Thomas Model at the Townsend Water Treatment Plant with Anion Exchange for 
PFOS 

3.3 Data Desktop Study and Conclusions 

The estimated time to breakthrough is presented, both in terms of bed volumes and years, in Table 9. 
Note that the RSSCT data are based on the design plant flow (30 MGD) and a discrete data point of 
water quality, while the media life is based on the average flow (18 MGD) and averaged water quality 
over the course of a year. As noted above, any changes in TOC relative to the RSSCT levels would alter 
the time needed to reach media exhaustion. Moreover, if the City’s goals for PFOS treatment are more 
conservative than treating to the MCL, or if regulations become more restrictive, actual change-out 
frequencies could be increased. 

Table 9 Townsend Water Treatment Plant Rapid Small-Scale Column Test Bed Life in Bed Volumes and 
Years 

Media EBCT (min) 

Bed Volumes to 
Reach 20% 

Breakthrough Based 
on RSSCT, 

Design Flow 

(30 MGD)1 

Years to Reach 20% 
Breakthrough 

Average Flow 

(18 MGD) 

GAC 20 16,000 1 – 1.52 

IX 2.5 320,000 2 – 3 

1. 20% breakthrough corresponds to PFOS to less than 4 ppt based on historical PFAS data at the Townsend WTP. 
2. Results are based solely on RSSCT results.  
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The RSSCT data for GAC and AIX media indicate that both GAC and AIX were effective in removing PFAS 
compounds. As expected, the AIX media had a higher number of empty bed volumes (EBV) than GAC 
before reaching breakthrough, similar to that observed during the 2021 Mitchell WTP RSSCT and 2021 to 
2022 Mitchell WTP pilot testing. Considering that one bed volume for GAC is equivalent to four bed 
volumes of AIX (owing to the 10- and 2.5-minute EBCT, respectively), it was expected that AIX lasted for 
more bed volumes than GAC.  

After a detailed review of the options, data, as well as other treatment factors, the City has determined 
that GAC is the preferred treatment alternative. GAC is a well-proven technology for surface water 
treatment applications, in contrast to AIX, which is not as commonly used with surface water treatment 
applications. AIX can be added downstream of the GAC contactors in the future, if ever needed for 
additional treatment of small-chain PFAS compounds, to meet future regulations. Following is a 
discussion of O&M costs associated with both media.  

4.0 PFAS Treatment Facility Conceptual Design 
This section describes the treatment system conceptual sizing criteria for PFAS treatment.  Both 
pressure contactors and gravity contactors are presented for comparison.   

4.1 Design Criteria 

Granular Activated Carbon 

GAC contactors can be either pressure vessels or gravity concrete contactors, so both options are 
summarized below. For pressure vessels, 42 steel pressure vessels would be required for the 30 MGD 
design flow with vessels operating in lead-lag for an EBCT of 10 minutes per vessel.   The new lead 
contactor can be running while the new lag contactor is changed out. Piping/valves would provide 
flexibility for series/parallel mode of vessel operation. The pressure system design would include the 
following: 

▬ GAC vessel feed pumps. Filtered water would be piped to new GAC feed pumps to feed water to 

the vessels. 

▬ Forty-two steel pressure vessels containing GAC and operating in lead-lag mode. Each 12-foot-

diameter vessel would contain approximately 40,000 pounds (lb) of GAC media. The vessel will 

include elliptical top and bottom heads and an underdrain system consisting of either a steel 

plate with nozzles or a manifold system. The vessel will be supported by four structural steel 

legs anchored to a concrete slab. Each contactor will include the following connections: 

▪ Top head – Inlet for filtered water or backwash water discharge and vent, inlet for media 

loading 

▪ Bottom head – Backwash inlet, outlet for media unloading and manway 

▪ Side wall – Sample taps at even increments across the GAC bed and manway 

▬ Each GAC vessel would be rated for 1.4 MGD to provide 10 minutes of EBCT. 
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▬ Piping, valves, and appurtenances would convey pumped filtered water to the GAC system and 

treated water to the clearwell. 

▬ Chemical injection points for sodium hypochlorite, fluoride, lime, and caustic would be relocated 

to the combined GAC treated water pipe (upstream of the clearwell). 

A summary of the conceptual design criteria for GAC pressure vessels is presented in Table 10. 

Table 10 Conceptual Sizing for Granular Activated Carbon Pressure Vessels 

Component 
10 min EBCT per Vessel 

Lead-Lag Operation 

Pairs of Vessels 21 

Total Number of Vessels  42 

Firm Capacity, MGD 30 

Flow per Vessel, MGD  1.4 

GAC Pressure Vessel Diameter, each, feet 12 

Hydraulic Loading Rate, gallons per minute per 
square foot (gpm/ft2) 8.8 

GAC Bed Depth, feet/vessel 12 

 

The GAC steel pressure vessels are furnished as a packaged system. The manufacturer supplies all the 
controls, piping, valves, and appurtenances to minimize the connection points for the filtered water 
supply, treated water discharge, and backwash system. Because of the potential for freezing, as well as 
the extensive O&M of outdoor equipment, an indoor GAC facility would be recommended for this 
application. 

For gravity concrete contactors, eight concrete contactors will be required in parallel to provide a 20-
minute EBCT for 30 MGD. The GAC media used for the basis of design for this evaluation is Calgon F400. 
The key design parameters for the GAC concrete contactors are summarized in Table 11. This alternative 
would also require a building to house the concrete contactors. 

The concrete contactor system design would include: 

▬ GAC contactor feed pumps. Filtered water would be piped to new GAC contactor feed pumps 

that would feed water to the contactors. 

▬ Eight (six duty; two standby) concrete GAC contactors operating in parallel. Each contactor 

would contain approximately 300,000 lb of media, a layer of gravel, and an underdrain system. 

▬ Each concrete GAC contactor would be rated for 5 MGD to provide 20 minutes of EBCT. 

▬ Piping, valves, and appurtenances would convey pumped filtered water to the GAC system and 

treated water to the clearwell. 
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▬ Chemical injection points for sodium hypochlorite, fluoride, lime, and caustic would be relocated 

to the combined GAC treated water pipe upstream of the clearwell. 

Table 11 Conceptual Sizing for post-filter Granular Activated Carbon Concrete Contactors 

Component Value 

Number of Contactors (for N+2 redundancy) 8 (6 duty, 2 standby) 

Firm Capacity, MGD  30 

Length of Contactor, feet 40 

Width of Contactor, feet 22 

EBCT, minutes 20 

GAC Bed Depth, feet 10.5 

Hydraulic Loading Rate, gpm/ft2 4 

 

For backwash waste associated with GAC contactors, an equalization basin would be required. The 
backwash basins are conceptually designed to accommodate a total startup backwash waste cycle from 
up to two contactors, resulting in an approximate total volume of 1,700,000 gallons. Sizing and 
configuration of the basins and handling of the backwash and filter-to-waste water should be further 
evaluated as part of a future phase of design based on the City’s goals. Table 12 summarizes the 
equalization basin sizing.   

Table 12 Granular Activated Carbon Backwash Basin Sizing 

Parameter Value 

Depth of Basin (feet) 15 

Length/Width of Each Cell (feet) 87 

No of Cells  2 

Volume per Cell (gallons) 850,000 

 

Anion Exchange 

Post-filter AIX treatment would use pressure vessels. The AIX treatment process would include: 

▬ Vessel feed pumps will convey filtered water upstream of the chemical injection points to the 

new AIX system. Presence of common drinking water oxidant, such as chlorine, ozone, 

permanganate, can be damaging to most gel-based resin products in the market. Macroporous 

resins, like the Calgon CalRes 2301, are more tolerant to chlorine. However, if using a gel-based 

resin, any free chlorine present in the filtered water would likely need to be quenched to 

prevent chlorinated filtered water entering the AIX train. 

▬ Thirty steel pressure vessels containing AIX resin and operating in lead-lag mode would be 

required. The 12-foot-diameter pressure vessels designed for post-filter GAC application can 
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also be used for AIX. Using these vessels would allow flexibility to change from GAC to AIX or 

vice versa, in the future. Furthermore, these vessels could potentially allow for a greater media 

depth, at the expense of increased headloss. Each vessel would contain approximately 20,000 lb 

resin and would be rated for 2 MGD to provide 2.5 minutes of EBCT per contactor at 30 MGD. 

The 30 vessels do not need a standby because of the quantity of vessels and the configuration 

being in lead-lag. The pressure vessels would be located inside a building. 

▬ Piping, valves, and appurtenances would convey pumped filtered water to the AIX system and 

treated water to the clearwell. 

▬ Cartridge filters will be used upstream of the pressure vessels for particulate removal and kept 

within housing units. 

▬ The chemical injection points for sodium hypochlorite, fluoride, lime, and caustic would be 

relocated to the AIX treated water pipe (upstream of the clearwell). 

▬ Chlorine quenching or chloramination system would be installed, including chemical pumps and 

storage. 

▬ Possible AIX skimming or cleaning system (to be determined at a later stage of design) would be 

considered. 

Table 13 presents a summary of the conceptual design criteria for AIX system. 

Table 13 Conceptual Sizing for Post-Filter Anion Exchange Pressure Vessels 

Component 
2.5 min EBCT per Vessel 

Lead-Lag Operation 

Pairs of Vessels 15 

Total Number of Vessels  30 

Firm Capacity, MGD* 30 

Treatment Capacity per Vessel Pair, 
MGD  

2.0 

AIX Pressure Vessel Diameter, each, feet 12 

EBCT, minutes/vessel 2.5 

Hydraulic Loading Rate, gpm/ft2 12 

AIX Bed Depth, feet/vessel 4 

*New lead vessel is online while new lag is changed out or out for maintenance 

4.2 Conceptual-Level Cost Estimates 

Capital cost estimates are presented herein to provide comparative costs for the GAC gravity concrete 
and AIX pressure vessel treatment technologies. AACE International (AACE) recommends five classes of 
estimates and associated accuracy for construction cost estimating, as specified in AACE 17R-97, Cost 
Estimate Classification System. Opinion of probable construction cost (OPCC) accuracy increases as the 



 
 
City of Greensboro 
Department of Water Resources 
Page 31 
 

 TOWNSEND WTP PFAS TREATMENT EVALUATION AND FACILITY PLANNING TM 

project advances from the conceptual to the detailed design phases and, eventually, to project bidding 
and construction. These accuracy factors represent typical variances of actual costs after the application 
of contingency. Considering the current study is a conceptual desktop evaluation, the OPCC presented 
herein is considered to be a Class 5 estimate and expected to have an accuracy range of -30% to +50%. 

Assumptions 

Tables 14 and 15 present the OPCCs for both treatment alternatives. The following basic assumptions 
were used during the cost development: 

▬ Field general conditions are approximately 12.5% of the subtotal, including labor, material, and 

equipment. 

▬ Taxes are approximately 6.75% of the permanent material cost. 

▬ Bonds, permitting, and insurance are 3.4% of the subtotal, including labor, material, and 

equipment. 

▬ Contractor overhead/profit total is approximately 12% of the subtotal, including labor, material, 

and equipment. 

▬ Construction contingency is assumed to be 35% on the final subtotal. 

The OPCC is presented in 2025 dollars and should be escalated by 5% per year until the midpoint of 
project construction.  Escalation and engineering have not been incorporated into the OPCC estimates 
presented herein and hence should be added for capital cost planning when those numbers become 
known 

Opinion of Probable Construction Cost for Granular Activated Carbon Gravity Contactor PFAS 
Treatment Facility 
Table 14 Opinion of Probable Construction Cost for Granular Activated Carbon Gravity Contactor PFAS 
Treatment Facility 

Component OPCC 

Pump Station for PFAS Treatment Facility $15,000,000 

GAC Gravity Contactor PFAS Treatment Facility $57,000,000 

Backwash Equalization Tank $4,000,000 

Site Work $12,000,000 

SUBTOTAL $88,000,000 

Contingency (35%) $31,000,000 

TOTAL $119,000,000 

 

The OPCC for the PFAS Treatment Facility Pump Station includes site excavation and backfill, a concrete 
wet well below the pump station floor, building construction, site grading and paving around the pump 
station, an electrical room, and all pump station equipment, piping and appurtenances.  
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The OPCC for the GAC Gravity Contactor PFAS Treatment Facility includes site excavation and backfill, 
building construction, site grading and site paving around the facility, and all treatment equipment, 
piping, and appurtenances.  

The OPCC for the backwash equalization tank includes site excavation and backfill, cast-in-place 
concrete basin construction, and basin instrumentation.  

The OPCC for the site work includes the piping from the filters to the PFAS Treatment Facility Pump 
Station, piping from the PFAS Treatment Facility Pump Station to the GAC gravity contactor PFAS 
Treatment Facility, piping from the GAC gravity contactor PFAS Treatment Facility to the clearwell, and 
all necessary backwash piping.  

Opinion of Probable Construction Cost for Anion Exchange Pressure Vessel PFAS Treatment 
Facility 
Table 15 Opinion of Probable Construction Cost for Anion Exchange Pressure Vessel PFAS Treatment 
Facility  

Component OPCC 

Pump Station for PFAS Treatment Facility $18,000,000 

AIX Pressure Vessel PFAS Treatment Facility $65,000,000 

Backwash Equalization Tank $4,000,000 

Site Work $12,000,000 

SUBTOTAL $99,000,000 

Contingency (35%) $35,000,000 

TOTAL $134,000,000 

 

The OPCC for the backwash equalization basins and site work assume the same costs as the GAC gravity 
contactor PFAS Treatment Facility. 

The OPCC for the AIX Pressure Vessel PFAS Treatment Facility includes site excavation and backfill, 
building construction, site grading and site paving around the facility, and all treatment equipment, 
piping, and appurtenance.  

4.3 Operations and Maintenance Costs  

Annual O&M costs for GAC gravity concrete contactors and AIX pressure vessels are presented, for 
comparison purposes, in Table 16 for GAC and Table 17 for AIX. 

Assumptions 

▬ All O&M costs provided are in 2025 dollars. 

▬ The average daily flow is assumed to be 18 MGD. 

▬ O&M costs are presented based on media change-out frequencies of 1 to 1.5 years for GAC and 

2 to 3 years for AIX based on the results presented above.  
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▬ Media costs include the cost of the media, delivery, installation, and removal. Media for AIX is 

assumed to be disposed of at every change-out, while GAC is assumed to be regenerated up to 

five times before disposal is required. Costs are based on quotes provided by Calgon for F400 

GAC and CalRes 2301 AIX in July 2025.  

▬ Power unit cost is $0.08 per kilowatt-hour (kWh). 

▬ Advanced treatment would require 40 hours of labor per month. 

▬ Water quality testing will occur twice per month on the filtered water, effluent of each 

contactor or pair of vessels, and combined effluent from the PFAS Treatment Facility. 

Operations and Maintenance Cost Comparison 
Table 16 Granular Activated Carbon Concrete Contactors Annual Operating and Maintenance Cost 

Parameter Quantity Units Unit Cost Cost 

Media Changeout1 — — — 
$4,500,000–-
$6,750,000 

Media Change-Out Once Every Year 
(includes shopping, loading, and spent 

media disposal) 
1 changeouts/yr 

$6,745,000/
change-out 

$6,750,000 

Media Change-Out Once Every 1.5 Years 
(includes shopping, loading, and spent 

media disposal) 
0.7 changeouts/yr 

$6,745,000/
change-out 

$4,500,000 

Filtered Water Pumping Power 1,500,000 kWh/yr $0.08/kWh $120,000 

Labor 480 hr/yr $60.55/hr $30,000 

Water Quality Testing 24 
sampling 
events/yr 

$5,000/ 

sampling 
event 

$120,000 

Building Miscellaneous 18,000 ft2/yr $2.50/ft2 $50,000 

O&M Allowance $23,300,000 Equipment Cost 2.00% $470,000 

TOTAL ($/year) 
$5,300,000 – 
$7,500,000 

1. Results are based solely on RSSCT results.  
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Table 17 Anion Exchange Pressure Contactors Annual Operating and Maintenance Cost 

Parameter Quantity Units Unit Cost Cost 

Media Change-Out — — — 
$1,770,000–
$2,660,000 

Media Change-Out Once Every Two Years 
(includes shopping, loading, and spent 

media disposal) 
0.5 changeouts/yr 

$5,318,000/
change-out 

$2,660,000 

Media Change-Out Once Every Three 
Years (includes shopping, loading, and 

spent media disposal) 
0.33 changeouts/yr 

$5,318,000/
change-out 

$1,770,000 

Filtered Water Pumping Power 4,100,000 kWh/yr $0.08/kWh $330,000 

Labor 480 hr/yr $60.55/hr $30,000 

Water Quality Testing 24 
sampling 
events/yr 

$5,000/ 

sampling 
event 

$120,000 

Building Miscellaneous 27,600 ft2/yr $2.50/ft2 $70,000 

O&M Allowance $34,800,000 Equipment Cost 2.00% $700,000 

TOTAL ($/yr) 
$3,000,000 – 
$4,000,000 

 

4.4 Facility Layout 

The City is currently in the process of designing a 24 MGD concrete GAC contactor facility at its Mitchell 
WTP. The City’s preference is to construct GAC gravity contactors at the Townsend WTP to maintain 
similar technologies at the two plants and to maintain operational and maintenance familiarity within 
the plant’s staff. CDM Smith developed a site plan of the Townsend WTP (Figure 21) which maintains a 
footprint for a PFAS Treatment Facility that can be based on either GAC or AIX treatment technology. 
Based on the City’s preference on treatment technology, the remainder of this memorandum assumes a 
GAC gravity contactor PFAS Treatment Facility for the Townsend WTP, with the proposed process flow 
diagram shown in Figure 22.  

CDM Smith has developed a conceptual building layout for the PFAS Treatment Facility with GAC gravity 
contactors, as shown in Figure 23 and Figure 24. The PFAS Treatment Facility will be located on the 
south side of the plant, adjacent to the plant entrance. The building will have an access road on all four 
sides to allow for maintenance and media delivery. The PFAS Treatment Facility is planned to be two 
stories. The upper and lower level will include space allocations for uses to be determined by the City as 
part of a future phase of design. 

CDM Smith has developed a conceptual building layout PFAS Treatment Facility Pump Station, as shown 
in Figure 25. The PFAS Treatment Facility Pump Station will be located east of the existing Treatment 
Train No. 3 and will include four transfer pumps (three duty, one standby) and two backwash pumps 
(one duty, one standby). The number of pumps and the pump hydraulics will be further evaluated as  
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Figure No. 5-23
PFAS TREATMENT FACILITY CONCEPTUAL UPPER LEVEL PLAN

© 
20

22

N

5-36
5-25-2

*DIMENSIONS ARE ONLY FOR SPACE ALLOCATION
PURPOSES ON THE SITE. ACTUAL DIMENSIONS OF THE
FACILITY SHALL BE BASED ON DETAILED LAYOUTS OF THE
FACILITIES.

*

*

Townsend Water Treatment Plant 



City of Greensboro
Townsend Water Treatment Plant Master Plan Project

 Figure No. 5-25
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part of a future phase of design. The PFAS Treatment Facility Pump Station footprint includes space for 
an electrical room. 

For backwash waste, an equalization basin is proposed and conceptually designed to accommodate a 
total startup backwash waste cycle from up to two contactors, resulting in an approximate total volume 
of 1,700,000 gallons. Sizing and configuration of the equalization basins and handling of the 
backwash/filter-to-waste water should be evaluated further as part of a future phase of design.  

5.0 Summary and Conclusions 
GAC offers many advantages to the City including operational continuity between the Mitchell WTP and 
the Townsend WTP. In addition, using GAC as the PFAS treatment media would provide additional 
treatment benefits, such as TOC reduction or the removal of other synthetic organic contaminants. AIX 
currently cannot be regenerated, while GAC has been shown to regenerate/reactivate multiple times. 
GAC is a well-known and commonly used technology that has been proven to remove PFAS at the full 
scale on surface water applications in North Carolina and across the nation.  

Because of the various quantitative and qualitative benefits to incorporating post-filter gravity GAC 
contactors, CDM Smith recommends that the City select this GAC alternative for their future PFAS 
Treatment Facility. Overall, this PFAS Treatment Facility would include a gravity GAC contactor building, 
a PFAS Treatment Facility Pump Station, backwash basins, and all the associated site work and piping. 
Selecting GAC will allow the Townsend WTP to leverage their experiences with the Mitchell WTP’s 
gravity GAC contactor facility to ensure a cohesive and effective PFAS treatment system.  
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Appendix A 
City of Greensboro Water Treatment Plants Rapid Small-Scale 
Column Testing Technical Memorandum 
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