Memorandum
To:

Nick Lawler, P.E. and Corey Godfrey, Littleton Water Department (LWD)

From:

Alan G. LeBlanc, P.E. and Lisa H. Gove, P.E.

Date:

December 2019; Sections 1 and 9 updated May 2020

Subject:

Summary of the PFAS Workshop and Engineering Alternatives Evaluation

1.0 Introduction
As per the contract signed with LWD on August 20, 2019, titled Preliminary PFAS Treatment Study,
CDM Smith was tasked with performing preliminary engineering alternatives analysis for LWD’s
treatment of PFAS in the short and long term. The culmination of CDM Smith’s work was presented
in a workshop held on October 22, 2019 with LWD and several key stakeholders including
representatives of Massachusetts Department of Environmental Protection (MassDEP) and the
LWD Water Commissioners.
At the conclusion of the workshop and upon discussions with the Littleton Water Commissioners,
LWD was able to swiftly move forward and present an updated PFAS plan of action at the fall Town
Meeting. LWD’s PFAS plan included both a near term solution of a Temporary Blending Pipeline and
a long-term solution for incorporation of PFAS treatment into the proposed, but not yet constructed
Whitcomb Avenue WTP.
This memorandum serves to summarize and document the evaluations performed by CDM Smith in
this study. Sections 2 through 8 of this memorandum were completed in 2019, while Sections 1,
Introduction and 9, Recommendations have been updated in April 2020 to reflect progress and
updates made in 2020 directly related to this evaluation. Other 2020 efforts, such as Benchscale
Testing and Blending Pipeline Engineering work are under separate contracts and separate
deliverables.

2.0 Scope and Background
The detailed scope Preliminary PFAS Treatment Study included review of options for removing perand polyfluoroalkyl substances (PFAS) detected in the Spectacle Pond water supply well at the
Littleton Spectacle Pond Water Treatment Plant (WTP), review of the water quality along with
relevant existing information, research on regulatory topics and potential treatment technologies,
and assisting LWD in developing an interim water supply alternative and a long-term water supply
alternative.
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The Spectacle Pond well provides raw water for treatment at the Spectacle Pond WTP. Water from
this well is presently conveyed in a raw water pipeline and treated in the WTP to remove iron and
manganese. LWD observed the combined perfluorooctanoic acid (PFOA) and
perfluorooctanesulfonic acid (PFOS) concentration in the groundwater supply well to be below the
EPA Health Advisory level of 70 parts per trillion (ppt) but above the Draft Maximum Contaminant
Level (MLC) presently under consideration by the MassDEP of 20 parts per trillion. This
memorandum serves to document and evaluate LWD’s options to address PFAS in their water
supply source and to aid in future planning.
While granular activated carbon (GAC) is often identified as the preferred treatment technology for
PFAS, GAC’s capacity to remove the compounds can be exhausted in a relatively short amount of
time compared to many contaminants typically treated by GAC. The time to reach contaminant
breakthrough varies depending on site-specific conditions such as other constituents in the water
source that may compete with PFAS for sorption to the GAC. In addition, smaller chain and less
hydrophobic PFAS (which are receiving increased regulatory and public attention) are removed
less effectively by GAC than PFOA and PFOS. Long-chain refers to perfluoroalkyl carboxylic acids
(e.g., PFOA) with eight or more carbons and perfluoroalkane sulfonates (e.g., PFOS) with six or
more carbons. All PFAS with less than six carbons are referred to as short-chain. As such, benchscale testing to evaluate PFAS treatment using GAC will be discussed in this memorandum. Further,
other treatment technologies have also been shown to remove these compounds with comparable
or potentially improved effectiveness, depending on source water quality, and will be considered as
treatment alternatives in this study.
During the course of this project, CDM Smith facilitated a workshop with Littleton officials to
consider the various alternatives for addressing the PFAS contamination in the Spectacle Pond well.
The workshop took place on October 22, 2019 and resulted in a consensus on how LWD should
proceed.
On October 28, 2019, Littleton Town Meeting approved and funded the recommended actions. This
memorandum documents the alternatives considered and the reasons for the selections. The
memorandum is organized into the following sections:
1.

Introduction

2.

Scope and Background

3.

Existing Operations

4.

Water Quality

5.

Regulatory Review and Treatment Goals

6.

Treatment Technologies
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7.

Interim Water Supply Alternatives and Selected Approach

8.

Long-Term Water Supply Alternatives and Selected Approach

9.

Recommendations

3.0 Existing Operations
3.1 Spectacle Pond WTP
The Spectacle Pond WTP is located off Great Road near the western border of Littleton, MA. The
Spectacle Pond WTP treats water from one groundwater well. LWD’s MassDEP water withdrawal
permit for the Spectacle Pond well caps the well’s production at 0.936 million gallons per day
(mgd). The water is pumped from the Spectacle Pond well into a 12-inch diameter ductile iron (DI)
transmission pipe and enters the Spectacle Pond WTP through an 8-inch DI pipe.
Figure 1 shows a process flow diagram (PFD) of the treatment process at the Spectacle Pond WTP.
The raw water is primarily treated through chemical addition and membrane filtration at the WTP.
Raw water flows through an ozone contact chamber to oxidize iron and manganese prior to
filtration. The ozonation process is designed such that there is no ozone residual left in the water
following the contact chamber. This treatment system was the first municipal application of
ultrafiltration in Massachusetts when it was built. Four (4) filtration units filter out the oxidized
precipitates and have a combined maximum design capacity of 1.5 mgd. Water enters the clearwell,
and is dosed with sodium hypochlorite, potassium hydroxide and sodium polyphosphate prior to
the finished water entering the distribution system.
The existing ultrafiltration membranes are routinely backwashed. Spent filter backwash is
discharged to a backwash settling process. A separate membrane system provides treatment for
spent filter backwash water. The plant practices the recycle of supernatant, while settled solids are
collected and later hauled offsite.
LWD cleans the filter membranes about once per week with a citric acid solution, which is then
neutralized with potassium hydroxide to achieve a pH between 6.5 and 8.3. About 2,000 gallons of
this neutralized solution is then sent to sand filters as a batch. The sand filters discharge to outfall
001A into Spectacle Pond. The sodium hypochlorite and sodium polyphosphate pumps are
temporarily turned off when the cleaning tank is being filled as finished water is used in the filter
membrane cleaning process.
Water is triple-pumped through the Spectacle Pond WTP. The first pump is located in the
groundwater well. The second pumping system is located after the ozone contact chamber to boost
the pressure to drive the water through the membranes. The third pump is located in the clearwell
which delivers the water into the distribution system.
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Figure 1. Flow diagram for current Spectacle Pond Water Treatment process.

3.2 Well Capacity and Operation
As noted above, the Spectacle Pond WTP treats water from one well called the Spectacle Pond well
or Well No. 5. The approved maximum daily flow is 0.936 mgd. Plant staff report that the existing
well pump is capable of delivering a maximum of 750 gpm. Figure 2 presents monthly data of
water production over the calendar year 2018.
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Well Production Data
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Figure 2. 2018 Spectacle Pond Well production data.

4.0 Water Quality
4.1 PFAS
CDM Smith reviewed LWD-furnished records as well as additional analytical data gathered by LWD
for PFAS and general water quality parameters. LWD provided analytical data for both raw and
finished water data. Finished water data is presented in this memorandum. Analytical results for
finished water are slightly lower than what was observed in the raw water. It is suspected that this
is a result of the sensitivity of the analysis and PFAS is not being removed through the treatment
processes.
The available finished water PFAS data are plotted in Figure 3 and summarized in Table 3. Results
for all samples exceeded the draft MassDEP MCL level of 20 ppt. As seen in Figure 4, PFOA makes
up the largest portion of the detected PFAS at the Spectacle Pond well.
To assess the wider ranges of PFAS present in the water, LWD sampled the finished water on
August 19, 2019 for analysis of 24 PFAS, which includes some of the known precursors to the
perfluorinated alkyl acids (e.g., PFOA and PFOS). Of the PFAS detects from the 24-compound
analysis, four are compounds included on the draft MCL for the Commonwealth of Massachusetts.
The sum of these PFAS detects are 22.21 ppt, as also seen in Table 2. The 24-compound analysis
detected eight (8) PFAS. Four (4) of these, shaded in green in Table 2, are the compounds that have
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been detected in previous samples. Two (2) new PFAS were detected: perfluorobutanoic acid
(PFBA), perfluoropentanoic acid (PFPeA). The associated lab reports are included as Attachment
A. These newly detected compounds have perfluorinated chain lengths that are shorter than PFOA
and PFOS. Treatment of these shorter-chained compounds is discussed in Section 6.

Figure 3. Total Finished Water PFAS levels in 2019 samples.
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Figure 4. Average values of the detected PFAS compounds In Draft MCL.
Note: Perfulorononanoic acid (PFNA) and Perfluorodecanoic Acid (PFDA) also included in the Draft MCL were non-detect.
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Table 2. PFAS Detects from 24-Compound Analysis (August 19, 2019).
PFAS (ppt)

Acronym

CAS

Carbon Chain
Length

Filter
Effluent

Perfluorobutanesulfonic Acid

PFBS

375-73-5

4

2.11

Perfluorohexanesulfonic Acid

PFHxS

355-46-4

6

2.98

Perfluoroheptanoic Acid

PFHpA

375-85-9

7

3.96

Perfluorooctanoic Acid

PFOA

335-67-1

8

9.09

Perfluorooctanesulfonic Acid

PFOS

1763-23-1

8

6.18

Perfluorobutanoic Acid

PFBA

375-22-4

4

6.68

Perfluoropentanoic Acid

PFPeA

2706-90-3

5

4.03

Perfluorohexanoic Acid

PFHxA

307-24-4

6

4.62

Total PFAS included in draft MCL (ppt)
Note:
1.
2.

22.2

Highlighted rows indicate those PFAS that are included in MassDEP draft MCL.
Concentrations shown are in ppt

Table 3. PFAS Detects from Finished Water Samples in 2019
PFAS (ppt)

Acronym

CAS

Carbon
Chain
Length

6/19/2019

8/6/2019

8/19/2019

9/23/2019

Perfluorooctanesulfonic Acid

PFOS

1763-23-1

8

7.41

6.41

6.18

7.24

Perfluorooctanoic Acid

PFOA

335-67-1

8

12.2

8.55

9.09

9.86

Perfluoroheptanoic Acid

PFHpA

375-85-9

7

5.19

2.12

3.96

3.75

Perfluorohexanesulfonic Acid

PFHxS

355-46-4

6

ND

3.21

2.98

3.09

Perfluorohexanoic Acid

PFHxA

307-24-4

6

4.50

ND

4.62

4.50

Perfluoropentanoic Acid

PFPeA

2706-90-3

5

NA

NA

4.03

NA

Perfluorobutanoic Acid

PFBA

375-22-4

4

NA

NA

6.68

NA

Perfluorobutanesulfonic Acid

PFBS

375-73-5

4

2.54

ND

2.11

2.54

NA – Not analyzed
ND – Not detect
Note: highlighted rows indicate those PFAS that are included in MassDEP draft MCL.

4.2 Other Water Quality Parameters
For assessing non-fluorine containing compounds and general water quality parameters, CDM
Smith reviewed the LWD’s historical records of the raw water and finished water from the
Spectacle Pond well. Data are summarized in Table 4. Raw water at the Spectacle Pond well
consists of high iron and manganese concentrations (up to 0.71 and 1.5 mg/L, respectively). These
levels are similarly high in the treated water with concentrations up to 1.5 and 0.909 mg/L
indicating that the current system is not performing optimally. Historical trends in finished water
quality for iron and manganese can be seen in seen in Figure 5 and 6 respectively.
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Table 4. General Source Water and Finished Water Quality

Parameter

Minimum

pH
Arsenic, mg/L
Alkalinity, mg/L as CaCO3
Aluminum, mg/L
Barium, mg/L
Calcium, mg/L

6.6
0.004
75

Chlorides, mg/L
Color (apparent color units)
Copper, mg/L
Hardness, mg/L
Iron (total), mg/L
Magnesium, mg/L

83.3

Manganese (total), mg/L
Nickel, mg/L
Nitrate, mg/L
Potassium, mg/L
Sodium, mg/L
Sulfate, mg/L
Total Dissolved Solids, mg/L
Turbidity, NTU
Zinc, mg/L
Total Organic Carbon, mg/L
Dissolved Organic Carbon,
mg/L

35.4

101
0.244
3
0.78
0.45
39.7
6.3
244

1.66

Raw Water
Average
Maximum
6.7
0.008
78
ND
0.021
38.9

6.8
0.011
81

87.3
ND
ND
110.5
0.500
3.2

91.2

1.16
ND
0.5225
3.9
40.15
8.75
274
ND
ND
5.75
1.22

42.4

120
0.71
3.4
1.5
0.67
40.6
11.2
304

9.3

Finished Water
Minimum
Average
Maximum
6.4

7.0

7.7

ND
62

0.004
110

ND
0.009
30
53

0.0
83
0.012
0.013
35
73

ND
ND
81
ND
2.9
ND

1.1
0.3
99.5
0.2
3.4
0.094

2.5
1.3
110.0
1.5
4.3
0.909

ND
0.25
3.9
24.9
4.5
216

0.001
0.509
11.3
34.0
5.81
244.33

0.002
1.1
23.3
41.8
8.3
268

ND
ND

0.45
0.004

1.1
0.014

1.4

3.9

6.5

1.15

1.16

1.16

Note: In the raw water samples, ammonia and nitrite were also reported as non-detect. In finished water samples all
volatile organic compounds (VOC) and nitrite were reported as non-detect.

0.04
0.019
39
88
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Figure 5. Iron levels in Spectacle Pond WTP finished water
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Figure 6. Manganese levels in Spectacle Pond WTP finished water

5.0 Regulatory Review and Treatment Goals
5.1 Regulatory Review
Since PFAS became emerging contaminants of concern in the early 2000s, federal and state
authorities have established a number of health-based regulatory values or advisory levels. On the
federal level, final regulations have not been promulgated for PFAS. The USEPA issued Provisional
Health Advisory Levels (HALs) in 2009 for short-term exposure at 400 parts per trillion (ppt), or
nanograms per liter (ng/L), for PFOA and 200 ppt for PFOS, which were later replaced by the
updated lifetime drinking water HAL of 70 ppt for the combined concentration of PFOA and PFOS.
This HA level was based on the best available peer-review studies of the compounds’ effects on
laboratory animals and epidemiological studies of human populations exposed to PFAS (USEPA,
2016).
Although EPA has not indicated that PFAS will be regulated through the primary standard by
issuing a MCL, federal actions are ongoing to address the rapidly growing concerns on PFAS in
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water. The Third Unregulated Contaminant Monitoring Rule (UCMR 3) collected samples for the
following six PFAS compounds: PFOA, PFOS, perfulorononanoic acid (PFNA, C9),
perfluorohexanesulfonic acid (PFHxS, C6), perfluoroheptanoic acid (PFHpA, C7), and
perfulorobutanesulfonic acid (PFBS, C4). EPA also published the official PFAS Action Plan in
February 2019 to outline the concrete steps to address PFAS through short-term solutions and
long-term strategies. Other actions completed since the issuance of the PFAS Action Plan include
expanding the drinking water Method 537 to include four replacement PFAS (e.g. GenX) and
developing human health toxicity values for GenX and PFBS. In addition, legislative actions are also
in motion to fast-track additional regulatory action with a bill from the U.S. Senate.
State-specific regulations and guidelines involve various concentration limits of different
compounds, demonstrating that in the absence of national regulatory standards, the future of PFAS
standards is unclear in all states. Many states have been actively addressing PFAS contamination
and have developed standards and guidance values in drinking water and groundwater. Presently,
numerous states have state-specific standards, health advisories, and/or guidance levels for PFAS
in drinking water, groundwater and/or surface water, regulated by different authorities.
The regulatory limits are characterized by the overall decreasing trend as well as a broader range of
PFAS beyond PFOA and PFOS being included by individual or combined limits. Many states have
been adopting the approach of regulating individual compounds. The concerns over the long-chain
PFAS, such as PFOA, PFOS, and PFNA, compared to the short-chain compounds that are less
bioaccumulative and toxic, are similar across the state borders.

5.2 Treatment Goals
The six PFAS compounds to be included in the combined treatment goal are PFOA, PFOS, PFNA,
PFHxS, PFHpA and PFDA which are the subset of PFAS compounds that will be promulgated as an
MCL by MassDEP in 2020.
CDM Smith recommends LWD target half the proposed MCL, or 10 ppt for the six MassDEP
compounds as indicated in Table 5. This treatment goal takes into account potential analytical
challenges with measuring very low PFAS concentrations. In addition, the ability to treat the
broader suite of PFASs has benefits for long-term treatment performance and future regulatory
updates on PFASs. Subsequent chlorination of the water can oxidize fluorine-containing
compounds, known as precursors, that can form longer-chain PFASs like PFOA and PFOS.
Table 5. Recommended PFAS Treatment Goals
PFAS

Acronym

Carbon Chain
Length

Perfluorooctanoic Acid

PFOA

8

Perfluorooctanesulfonic Acid

PFOS

8

Perfluorohexanesulfonic Acid

PFHxS

6

Perfluoroheptanoic Acid

PFHpA

7

Combined Treatment Goal

10 ppt
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PFAS

Acronym

Carbon Chain
Length

Perfulorononanoic Acid

PFNA

9

Perfluorodecanoic Acid

PFDA

10

Combined Treatment Goal

6.0 Treatment Technologies
The stability of the carbon-fluorine bonds present in perfluorinated alkyl acids such as PFOA and
PFOS, make PFAS not amenable to many conventional destructive treatment technologies.
However, several technologies have been investigated for the effectiveness of PFAS removal, and
these include GAC, anion exchange (AIX), membranes, and higher energy oxidation processes.

6.1 GAC
GAC is the most common treatment method in both drinking water and remediation as its
application for PFAS removal has been practiced over 15 years at numerous installations. GAC has
been found to achieve effective removal of PFASs, especially long-chain (C>7) compounds. Both
bituminous, or coal-based, and coconut-based carbon have been investigated for PFAS removal in
the industry. With its track record for longer-chain PFAS removal, GAC may be an effective solution
for LWD, but the limiting factors for GAC’s performance also need to be evaluated. Possible
competitive adsorption with other compounds present in the water could hinder the PFAS removal
by GAC, and removal effectiveness for shorter-chained compounds may be limited.
Testing of various GAC products has observed that GAC selection is of critical importance as certain
products exhibited much earlier PFAS breakthrough than other products, which makes testing with
LWD’s specific water matrix critical. Currently, there is minimal universal guidance on GAC
selection for PFAS removal and little data on the GAC treatment and life cycle costs compared with
competing technologies.
Sufficient GAC capacity and adsorption rates are desired for acceptable operating time between
carbon changeouts. As presented in Table 4, elevated levels of dissolved and total organic carbon
were observed in LWD’s filtered effluent, suggesting the potential for organic interferences with
PFAS adsorption on GAC. One of the major advantages of GAC is the lack of a waste stream and a
related disposal concern, as spent activated carbon is either thermally destroyed or reactivated.
However, infrequent GAC backwashing is expected, as backwashing is limited to washing the fines
off the GAC during the first GAC fill and at every GAC changeout.
CDM Smith emphasizes that testing is critical for system design and cost performance to confirm
that GAC is a viable solution for the specific water matrix of LWD’s groundwater. If the PFAS
treatment is to be placed downstream of greensand filters, the impact of the chlorine and
permanganate residuals on GAC is believed to be minimal but represents another unknown for
estimating GAC longevity with respect to PFASs. In addition, it should be noted that GAC’s
effectiveness for PFAS adsorption is known to decrease with shorter carbon chain compounds. The
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fate of federal or state regulations for short-chain compounds is more unclear than long-chain
PFAS. Therefore, testing of GAC’s performance with both long-chain and short-chain PFAS would
result in valuable data to support long-term reliability of a GAC-based PFAS treatment process.

Description
Granular media for GAC is produced from carbonaceous material, such as bituminous coal, lignite
coal, coconut shells, and wood, which is then activated by heat. GAC is used in water treatment to
remove a wide variety of dissolved contaminants, such as natural organic compounds, synthetic
organic chemicals, taste and odor precursors, color forming organics, and disinfection by-product
precursors. GAC removal of the target contaminants, including PFAS, from liquid streams occurs
through primarily physical adsorption. With its large porous internal surface area from the
activation process, GAC gains the adsorption capacity to accumulate a substance on the surface of
the media. Adsorption of contaminants in water by GAC occurs mostly by nonspecific physical
adsorption, which is caused by binding mechanisms from the electrons shared between the GAC
media adsorbent and the contaminant adsorbate. The dissolved adsorbate migrates from the liquid
stream through the pore channels of the GAC media to reach the area where the strongest attractive
forces are. Contaminants adsorb onto the GAC media because the attraction of the carbon surface
area is stronger than the attractive forces that keep them in solution.

6.2 Anion Exchange
Ion exchange 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. PFAS are generally
present in the environment in their anionic form with a negative charge, and therefore, AIX is
capable of removing PFAS from water. Factors that influence AIX performance include influent
contaminant concentration, treatment design (e.g., flow rate, resin bead size and material), and
competing ion concentrations, such as sulfate, nitrate, bicarbonate, etc.
Although used less extensively than GAC, AIX has shown effectiveness at removing long-chain
PFASs, especially for PFOS as it has shown more effective PFOS removal than GAC. Similar to GAC,
low effectiveness of short-chain PFAS removal has been reported with AIX by researchers, but
contradictory study results exist, which indicate faster kinetics and higher capacity with removing
the short-chain PFBS than PFOS. [Recent piloting examinations by others demonstrate that AIX as
either a standalone treatment system or a polishing step following GAC can be very effective at
short-chain PFAS removal. Anion exchange achieved removal of both long-chain and short-chain
PFASs to a non-detect level for a high number of bed volumes treated from waters with both high
(~20,000 ppt for six UCMR 3 compounds) and low (~100 ppt) influent PFAS concentrations and
presence of competing anions.
Importantly, the AIX systems have higher capacities, which may lead to less frequent changeouts
than GAC and lower operating costs. Additionally, AIX has been tested to perform at much shorter
empty bed contact times (EBCT) than GAC, resulting in smaller equipment footprint and capital
cost. Ion exchange treatment typically accompanies a resin regeneration step and corresponding
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management of brine waste. However, the AIX systems that have been tested in recent years
comprised single-use selective resins in a set-up similar to single-use GAC systems, and thus, no
additional space is required for the resin regeneration equipment (e.g., salt), and no brine disposal
provisions are required with such systems.
With potential cost savings, reduced space needs, and insignificant presence of competing anions in
the water, AIX may be a viable PFAS treatment alternative to GAC for LWD, particularly if treatment
of PFASs with chain lengths shorter than PFOA/PFOS is desired. While AIX resin is more expensive
than GAC media, AIX systems have higher capacities, which can lead to lower operating costs at
optimal changeout frequencies.

6.3 Membranes
The applications of pressure-driven membrane technologies are widely applied in water treatment,
but their applications in PFAS removal still require more thorough investigation. Microfiltration
and ultrafiltration are unsuitable for PFAS removal, due to their molecular weight cut-off (MWCO)
values being too high. Therefore, reverse osmosis (RO) and nanofiltration (NF) with lower MWCO
properties have been studied for PFAS removal application, with RO having demonstrated
significant removal of all the PFAS, including the short-chain compounds. Data on NF performance
are more limited, but positive bench-scale test results have been reported for removal of PFAS with
a range of molecular weights. However, the MWCO properties may vary from different NF
membrane materials, so NF’s applicability needs to be confirmed through testing.
RO membranes have the same MWCO properties across manufacturers and thus should offer very
high removal efficiency compared to other treatment alternatives. However, despite RO’s
effectiveness, it would be the most costly method for removal, due to high capital cost and energy
demand. Importantly, both RO and NF generate a waste stream containing high concentrations of
reject contaminants, and the management and treatment of the waste stream must be addressed in
design. Also, RO and NF are susceptible for fouling, and thus a pre-treatment step may be required
to address the high fouling tendencies. Overall, like GAC and AIX, treatment with membranes
would need to be investigated further and validated at bench- or pilot-scale.
Although membrane technologies may offer high PFAS reduction as well as multi-contaminant
removal beyond PFASs, high capital and operating costs and fouling potential are major
disadvantages. In addition, the PFAS regulations in Massachusetts currently being considered focus
on addressing long-chain PFASs, which reduces the need for the treatment intensity that
membranes offer.

6.4 Oxidation
PFASs are generally resistant to advanced oxidation processes (AOP) that use generated hydroxyl
radicals to transform contaminants. AOPs with hydrogen peroxide or peroxydisulfate have been
demonstrated to be ineffective at breaking down organic compounds, generally showing less than
10% removal of PFASs at the expense of significant energy input. However, other emerging

Nick Lawler, P.E. and Corey Godfrey
May 2020
Page 16
oxidation and reduction technologies (e.g., photocatalytic oxidation, photochemical oxidation and
reduction, persulfate radical treatment, thermally induced reduction) have the potential to degrade
PFASs, but they are presently not practiced in water treatment applications and are still in early
stages of development. Therefore, oxidation technologies are not recommended for further
consideration or testing in Littleton.

7.0 Interim Water Supply Alternatives and Selected Approach
One interim solution discussed during the October 2019 workshop was the potential blending of
treated water from LWD’s Beaver Brook WTP to Spectacle Pond WTP so that a higher volume of
water is available to LWD to supply the town during higher volume months. Following the
workshop, LWD has procured a service agreement for the furnishing and maintenance of a
temporary waterline to convey potable water from its Beaver Brook WTP to Spectacle Pond WTP.
While the piloting, bench scale testing and final design of the permanent PFAS treatment solution is
being carried out, the temporary blending pipeline between the two plants will operate. It is
expected that the pipeline will be in operation for approximately 2.5 years. During this time, a
service contractor will furnish, install, own, maintain and eventually remove (once the WTP is
finished) an approximately 9,000 linear foot long, 8-inch diameter temporary waterline connecting
the Beaver Brook WTP and Spectacle Pond WTP. CDM Smith is working with LWD and their
existing instrumentation and controls contractor to modify their existing supervisory control and
data acquisition (SCADA) system to be able to integrate the two systems. Controls will be set in
place to maintain flows from either plant such that the total concentration of PFAS leaving Spectacle
Pond WTP remains below 20 ppt.

8.0 Long-Term Water Supply Alternatives and Selected
Approach
Several long-term solutions for addressing water supply within the town were presented and
discussed during the October 2019 workshop. The three main options that were discussed and
evaluated include:



Add PFAS treatment to the existing Spectacle Pond WTP;



Build a new WTP Spectacle Pond to address iron and manganese as well as PFAS
contamination; and



Expand the Whitcomb Avenue WTP design to accommodate flow from Spectacle Pond well
and address PFAS contamination.

Adding onto or building a new WTP at Spectacle Pond was deemed unfavorable given that the plant
cannot be taken offline for 2.5 years while the existing plant is demolished and rebuilt. Additionally,
there is insufficient space on the site to build a new plant while the existing plant remains in
operation.
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Ultimately, design of a centralized WTP at the Whitcomb Avenue location, to include flow from
Spectacle Pond, was chosen as the most favorable and cost-effective solution. A design for the
Whitcomb Avenue plant upgrade which includes iron and manganese removal, has already been
permitted by MassDEP and is ready to be bid out for construction. Following completion of piloting
and bench scale testing, design criteria for treatment of iron and manganese, as well as PFAS from
the Spectacle Pond well will be developed and included in the revised full scale design of the
Whitcomb Avenue WTP.

9.0 Summary of Recommendations and Next Steps –
From the information gathered as a result of the research conducted for this memorandum as well
as discussions had during the October 2019 workshop, the following summary of LWD next PFAS
Action Plan steps and recommendations are presented below.



Temporary Blending Pipeline – CDM Smith recommended LWD to move forward with
design and construction of the blending pipeline. Both permanent and temporary pipeline
were evaluated. Based on the schedule and permitting constraints of a permanent pipeline,
CDM Smith recommended LWD move forward with Massachusetts General Law Chapter 30B
procurement of a completely temporary pipeline service contract and integration of new
instrumentation and controls as well as SCADA work at the Spectacle Pond and Beaver Brook
WTP’s to accommodate the pipeline. As time allows in 2020, LWD will move forward with
design, permitting and installation of some sections of permanent pipeline to improve the
transmission system performance.



Pilot Testing and Site Work for Whitcomb Avenue WTP Treatment - LWD is working
with another consultant and Blueleaf Incorporated to conduct a pilot testing effort, wherein
biological filtration and greensand filtration will be examined for iron and manganese
removal on Spectacle Pond raw well water. The pilot information will be used to determine
filter loading rate and predict filter run times. Treated effluent from the best performing
technology will be collected and used in bench-scale testing of different PFAS removal
technologies. Since many aspects of the design phase for the PFAS treatment addition do not
rely on the results of the bench-scale testing (e.g., surveying, geotechnical investigation,
electrical system verification), CDM Smith recommended to LWD that such tasks could be
performed in parallel bench-scale testing work.



Bench Scale Testing of PFAS Treatment Media Alternatives - LWD is working with CDM
Smith to conduct bench-scale testing to determine which PFAS treatment alternative will
meet LWD’s needs for PFAS removal. Bench-scale testing will provide valuable data for
selecting the effective treatment that will meet the treatment goals, provide information on
design parameters, and be favorable in capital and operating costs. CDM Smith will collect
effluent water from the preferred iron and manganese removal process currently being
piloted by Blueleaf Incorporated and will use that water in the bench scale testing exercise.
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Preparation of PFAS Design Criteria – At the conclusion of the Benchscale Testing work,
CDM Smith will provide for LWD’s use, recommended design criteria for the PFAS treatment
processes at Whitcomb Avenue (to be designed by others).



Further WQ Collection from Spectacle Pond - The presence of natural organic matter can
significantly impact the effectiveness of PFAS treatment. CDM Smith recommends that LWD
continue to gather samples and build a database of raw water TOC, DOC and UV254 given the
historical variation. Additionally, this data can be used to calculate specific ultraviolet
absorbance (SUVA) which can be used to make informed predictions on disinfection
byproduct (DBP) formation potential of the finished water. It is recommended that at least
one year of data be collected so that any seasonal variations can be observed.



Continued Collaborative DEP Communications – Understanding that the PFAS regulatory
process and approvals are changing at record pace and that MassDEP involvement is
extremely important to both project success and maintaining a brisk schedule, CDM Smith
highly recommends LWD continue communicating with MassDEP on the project progress,
sharing new information and ideas as well as the status of the upcoming PFAS regulations
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