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EXECUTIVE SUMMARY

Resolve 2021, Chapter 172, required the Bureau of General Services (BGS) to conduct a study of
methods to treat PFAS in leachate collected from the Juniper Ridge Landfill (JRL) in Old Town and
the Dolby Landfill (Dolby) in East Millinocket. Specifically, the study was to identify readily
available methods to reduce the concentration of six regulated PFAS (referred to as PFAS(6)) to
no more than 20 ng/l, which is the Maine Interim Drinking Water Standard (IDWS) for PFAS in
drinking water as per Resolve 2021, Chapter 82.

The ensuing Report contains findings of the study performed by BGS’ consultant, Sevee & Maher
Engineers, Inc., and their subconsultant, Crawford Engineering.

This Executive Summary reviews the sources and volumes of leachate collected at the Dolby and
JRL landfills, provides a summary overview of available treatment technologies, identifies the
technologies best suited for the two landfills, and summarizes the estimated costs for developing
and implementing the PFAS treatment infrastructure for Dolby and JRL based on current leachate
volume and PFAS concentration data from both facilities.

Report Qualifiers

e The is no known PFAS treatment standard for leachate. The report uses the State IDWS
as the goal for PFAS treatment. It should be borne in mind that lower PFAS concentration
guidance for drinking water is being considered by the State which could affect the
conclusions in the Report. It is also possible that a PFAS treatment standard for leachate
could be adopted in the future that could affect the conclusions in the Report.

e Funding sources for the PFAS treatment systems are not included in the Report.

e Responsibilities between the state and the JRL operator for leachate treatment and
leachate treatment byproducts at JRL are not included in the report.

e The potential for portions of the PFAS treatment equipment to be leased by the state
from a private party has not been evaluated for compliance with State of Maine
procurement requirements.

e The report uses a five-year timeline for cost-comparisons of the various technologies
identified. Based on the research performed, it is likely that some of the identified
technologies will be improved while others may be found impractical in a true scale
setting.
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e The conclusions in the Report draw from PFAS data collected at Dolby and JRL as result of
four leachate sampling events conducted between fall 2021 and summer 2022. Changes
in the leachate PFAS content are possible and could affect the conclusions.

Sources and Volumes of Leachate - Dolby

Dolby has three separate landfills known as Dolby |, Il and Ill; however, for purposes of the Report,
the landfills are referred to collectively as “Dolby” unless specifically indicated otherwise.

The Dolby facility has been closed since 2012 and no longer accepts waste. It does, however,
collect leachate from an area comprising 128 acres. To reduce the volume of rain, snow melt, and
other infiltration percolating through the landfill and thus producing leachate, the state started
capping Dolby with a geomembrane cover in 2016. The capping process is being conducted in
stages, with the second phase scheduled to be complete in 2023. As of the date of the report,
about 37 acres of Dolby are covered with geomembrane and 91 acres are covered with soil.
Funding for the third stage of capping will be requested as part of a Maine Governmental
Facilities Authority bond in the FY24 budget.

Leachate flow at Dolby typically averages 110,400 gallons per day (gpd) with peak monthly flows
(during the springtime) reaching 227,000 gpd and peak daily flows of over 864,000 gpd. The
leachate flow is expected to decline as more geomembrane cover is placed, however the Dolby
Landfill also collects contaminated groundwater which will continue after all the geomembrane
cap has been placed. Prior to starting the geomembrane cap, the highest springtime daily
leachate flows at Dolby reached 864,000 gpd. The leachate from the landfill flows to an on-site
storage pond and is then pumped through a pipeline to the East Millinocket Wastewater
Treatment Plant (EMWWTP) where it combines with the sanitary wastewater from the Town of
East Millinocket for biological treatment before discharge to the Penobscot River. The average
daily wastewater flow from the Town is 343,000 gpd (which is over three times greater than the
typical average daily leachate flow from Dolby). The combined maximum influent flow to the
EMWWTP (i.e., Town wastewater plus Dolby leachate) has exceeded 2 million gallons per day
(MGD) in the springtime since the EMWWTP was upgraded in 2019.

Sources and Volumes of Leachate — JRL

The State of Maine owns the land at JRL, but the landfill is operated entirely by NEWSME Landfill
Operations, LLC (“NEWSME”) under an Operating Services Agreement. Leachate is collected from
122-acres and typically flows at an average rate of 42,000 gpd. The average day leachate flow
rate is expected to increase to 69,300 gpd in 2024 when another waste cell is opened and the
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peak day flow for 2024 is projected at 115,000 gpd. The JRL leachate flow will vary in the coming
years as new cells are added and filled cells are permanently covered with geomembrane.

The JRL leachate flows to an on-site storage tank and is then trucked to the Nine Dragons (ND)
Wastewater Treatment Plant (NDWWTP) in Old Town. The leachate combines with the
wastewater from the ND Mill and undergoes treatment before discharge to the Penobscot River.
The average daily wastewater flow from the Mill is over 20 MGD, which is almost 300 times
greater than the average daily JRL leachate flow. The large wastewater flows from the ND Mill
make treating the JRL leachate, once combined with the ND wastewater, impractical.

PFAS Concentrations in Dolby and JRL Leachate

Four leachate sampling events for PFAS (one in fall 2021 and three in spring 2022) indicated a
PFAS(6) range of 351 to 4,426 ng/l (average of 1,725 ng/l and standard deviation of 1,670 ng/I)
for Dolby, and a PFAS(6) range of 410 to 2,627 ng/| (average of 1,856 ng/l and standard deviation
of 871 ng/l ) for JRL. All the measured PFAS concentrations in the Dolby and JRL leachate
exceeded the 20 ng/I IDWS for PFAS(6).

Overview of PFAS Treatment Technologies

Four commercially available treatment technologies were identified for removing PFAS(6) from
the Dolby and JRL leachates: (1) treatment by “adsorption” media (e.g., granular activated carbon
and ion exchange resins); (2) treatment by reverse osmosis (RO), which consists of high-pressure
membrane filtration; (3) treatment by foam fractionation (FF), where PFAS molecules attach to
air bubbles; and (4) electrochemical advanced oxidation process (EAOP), which destroys PFAS
using electrically generated oxidizers. Of these potential treatment technologies, it is considered
that EAOP, though attractive due to its potential for PFAS destruction ability, is limited in its
capacity to economically handle the volumes of leachate generated at Dolby and JRL. Also, in
comparison to the other PFAS treatment technologies, EAOP is promising but still not a maturely
developed treatment process. Although effective at PFAS reduction, the EAOP effluent from
Dolby and JRL would still require biological treatment before discharge to the environment.

RO, FF, and EAOP are typically used for “upfront bulk” PFAS removal before other forms of water
treatment occur whereas adsorption is typically used to remove or polish PFAS from otherwise
clean water. It is not uncommon for bulk removal to be paired with adsorption to further lower
PFAS concentrations. The Dolby and JRL leachate once treated for PFAS by any of these methods
will continue to be conveyed to the wastewater treatment plant(s) for biological treatment and
discharge to the river. Use of adsorption media alone for treating the Dolby and JRL leachate
after biological treatment is unlikely given that the high-volume wastewater flows would require
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multiple adsorption treatment units and the non-biological characteristics of the wastewater
would rapidly deplete the effectiveness of the adsorption media.

PFAS Treatment Side Streams

Adsorption, FF, and RO technologies all have concentrated PFAS byproducts, or “side streams,”
that need to be managed as waste. EAOP does not have a PFAS side stream. Adsorption results
in large volumes of granular media containing concentrated PFAS. FF results in 0.5 to 1 percent
of the influent flow becoming “foamate” containing concentrated PFAS. RO results in 10 to 12
percent of the influent flow becoming concentrated with PFAS. EAOP is very energy intensive and
is not well developed for treatment of large volumes of leachate, however, EAOP could be used
to manage the PFAS side streams from FF or RO.

Currently, most concentrated PFAS side streams from FF or RO are either “super-loaded” (i.e.,
bulk loaded) onto adsorption media or are stabilized/solidified; both side streams can then be
disposed by landfilling, or in some situations the stabilized/solidified material can be used as
landfill cover. Incineration of PFAS adsorption media is in use, however the end-products of
thermal treatment are uncertain and currently incineration of PFAS is being re-examined by the
U.S.EPA. At this time, there is no clear regulatory guidance for disposal of PFAS once it has been
removed from leachate.

PFAS Treatment Alternatives for Dolby and JRL

PFAS treatment alternatives for the Dolby and JRL leachate include the following:

PFAS Treatment at the Dolby Landfill Site. Upfront treatment at the Dolby landfill site using FF,
RO, or EAOP is expected to result in an effluent that meets Maine’s IDWS of 20 ng/I PFAS(6). The
PFAS side streams from FF and RO treatment can be either destroyed on-site using EAOP or be
super-loaded onto adsorption media for management as solid waste. Leachate treated for PFAS
at the Dolby Landfill will continue to be piped to the EMWWTP for biologic treatment.

PFAS Treatment at East Millinocket Wastewater Treatment Plant. Adsorption of PFAS at the
EMWWTP (with sufficient leachate pretreatment) should result in an effluent meeting the IDWS
for PFAS(6) of 20 ng/l. However, PFAS adsorption at the EMWWTP on a typical day will result in
treating three times more daily volume as compared to if treating the Dolby leachate alone. The
ratio of wastewater to leachate volume can increase tenfold in the springtime due to the high
volume of infiltration and inflow (I&l) associated with the Town’s sewer system. PFAS adsorption
at the EMWWTP would require the biological effluent to be pretreated for non-biological
parameters before PFAS adsorption to optimize life of the adsorption media.
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PFAS Treatment at Juniper Ridge Landfill. The JRL leachate chemistry is very complex and exhibits
high concentrations of total suspended solids, total dissolved solids, total organic carbon,
ammonia, chloride, iron, manganese, and contaminants that need to be reduced by
pretreatment before PFAS removal by adsorption can be efficient.

FF, RO, or EAOP performed at the JRL landfill site is expected to result in an effluent that has
PFAS(6) less than 20 ng/l. Pretreating the JRL leachate in advance of FF, RO, or EAOP will only
require simple filtration to avoid suspended solids from impacting operations. The concentrated
PFAS side streams from FF and RO can be destroyed using EAOP or the foamate can be super-
loaded onto an adsorption media for management as solid waste.

An additional JRL leachate alternative was considered but was determined to be cost prohibitive
and potentially not technically feasible. This method would use on-site physical-chemical
pretreatment of the leachate followed biological treatment using a membrane bioreactor (MBR)
with the resulting MBR effluent receiving PFAS treatment by adsorption. Additional investigation
of this treatment alternative is necessary to assure sufficient physical-chemical pretreatment of
non-PFAS contaminants occurs to achieve MBR efficacy. Due to the complex chemical nature of
the JRL leachate, there is a high probability that the leachate cannot be pretreated sufficiently to
allow effective follow-up PFAS adsorption. PFAS adsorption of the Nine Dragons Wastewater
Treatment Plant effluent (including the JRL leachate) was not considered due the high volume of
wastewater from the Mill that would also need to be treated.

Conclusion

Available PFAS treatment technologies were evaluated for removing PFAS(6) from the Dolby and
JRL leachates. Four technologies (FF, RO, EAOP, and adsorption) were identified as the most likely
to reduce PFAS(6) to less than Maine’s IDWS of 20 ng/I.

Best Technology for Treating Leachate Containing PFAS

The report concludes that Foam Fractionation (FF) is the best technology for reducing PFAS
concentrations in the leachate from both Dolby and JRL. FF produces foamate as a byproduct
that can be destroyed either by using EAOP or by super-loading the PFAS onto adsorption media
(granular media) for management as solid waste. Stabilization/solidification of the foamate is
also possible, however there are no known facilities in Maine performing that function

As would be expected, any reduction in the volume of leachate produced will also affect the cost
of PFAS treatment. At Dolby, reduction of the leachate volume produced is being addressed by
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way of implement a geomembrane cover upgrade on Dolby lll. At JRL the volume of leachate

produced is largely a factor of open operating area and covered area. JRL uses temporary and

permanent geomembrane to limit infiltration into the waste to minimize leachate production.

Cost Estimates

Cost estimates and notable issues for the Dolby and JRL leachate PFAS treatment alternatives are

summarized in Table ES-1. The cost estimates focus on the range of leachate flows expected,

overall leachate chemistry, and the range of PFAS(6) measured in the Dolby and JRL leachate for
fall 2021 and spring 2022.

Cost for treating Dolby and JRL leachate for PFAS(6) using FF, including foamate treatment, (as of

spring 2022) are as follows:

FF leachate and foamate treatment at Dolby: $1.88 to $3.31 million per year plus $7.6
million infrastructure improvements for startup, which equates to a 5-year present worth
range of $15.8 to $22 million.

FF leachate and foamate treatment at JRL: $1.05 to $1.8 million per year plus $2.6 million
for infrastructure improvements for startup, which equates to a 5-year present worth
range of $7.2 to $10.4 million.

Next Steps

Leachate quality monitoring, including testing for PFAS and conventional wastewater
pollutants, should be conducted at a monthly frequency during 2023 to identify potential
seasonal changes that could affect PFAS treatment selection. Treatment vendors will
likely require such data before demonstration of any site-specific PFAS treatment method
is considered.

Pilot testing of the FF treatment technology should be scheduled for both landfills.

Pilot testing of the EAOP treatment technology on both the leachate and foamate should
be considered.

Super-loading of PFAS in the FF foamate side stream onto adsorption media should also
be evaluated.
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TABLE ES-1

SUMMARY OF COST, RESIDUALS, AND EFFECTIVENESS OF PFAS TREATMENT ALTERNATIVES AT DOLBY AND JRL

DOLBY LANDFILL

FF AT DOLBY AND RO AT DOLBY AND PFAS TREATMENT OF
PROJECT ELEMENT SUPER-LOAD FOAMATE EAOP AT DOLBY EAOP TREATMENT EMWWTP EFFLUENT
ONTO IEX AND DISPOSAL OF CONCENTRATE AND GAC DISPOSAL
A. COST SUMMARY
Site Work/Project Development CAPEX $4,430,000 $4,600,000 $4,600,000 $2,280,000
Equipment/Process Installation CAPEX $240,000 Included in Annual Leases $4,290,000 $5.9 to $9.6 million
Contingency/Engineering/CM $2,991,040 $2,972,800 $5,680,000 $5.2 to $9.3 million
TOTAL CAPEX $7,660,000 $7,620,000 $14,500,000 $13.4 to $19.5 million
Annual Leases/Other O&M Costs $1.88 to $3.31 million per yr $5.31 million per yr $2.624 million per yr $0.84 million per yr
Present Worth Cost of CAPEX $7.6 million $7.6 million $14.6 million $13.4 to $19.5 million
Present Worth Cost Leases/O&M Costs (1) $8.1 to $14.3 million $23.0 million $11.4 million $3.6 million
TOTAL 5-YEAR LIFE CYCLE PRESENT WORTH $ $15.8 to $22.0 million $30.6 million $25.9 million $17.0 to $23.1 million

B. OTHER PERFORMANCE CRITERIA

Ability to Meet PFAS(6) IDWS

Highly Probable: Dolby leachate
successfully treated by FF in lab
test

Promising: EAOP has treated
leachate in bench and pilot
studies

Highly Probable: RO has
successfully treated leachate full
scale

Questionable: Adsorption treatment
needs extensive & effective
pretreatment

Residuals Requiring Further Management

FF Foamate of 550 gpd to be
super-loaded on IEX and LF
disposed or treated by EAOP

No residual side streams
requiring management

RO concentrate of 11,000 gpd to
be treated by EAOP; significant
volume and cost for concentrate
treatment

Spent GAC requires off-site
management; biosolids in lagoons
likely tainted with PFAS

Pretreatment Requirements

Process is resilient and effective
with simple filtration (if necessary)

Process is resilient and
effective with simple filtration

(if necessary)

Process is resilient and effective
with filtration and pH
adjustment

Significant pretreatment of high
volume EMWWTP effluent critical
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TABLE ES-1 (cont’d)
SUMMARY OF COST, RESIDUALS, AND EFFECTIVENESS OF PFAS TREATMENT ALTERNATIVES AT DOLBY AND JRL

11. JUNIPER RIDGE LANDFILL

FF AT JRL AND RO AT JRL AND PRETREATMENT AND
PROJECT ELEMENT SUPER-LOAD FOAMATE EAOP AT JRL EAOP TREATMENT PFAS ADSORPTION
ONTO IEX AND DISPOSAL OF CONCENTRATE AT JRL AND GAC DISPOSAL

A. COST SUMMARY

Site Work/Project Development CAPEX $1,470,000 $1,580,000 $1,510,000 $1,420,000
Equipment/Process Installation CAPEX $130,000 Included in Annual Leases $3,400,000 $8,940,000
Contingency/Engineering/CM $1,020,000 $1,010,000 $3,140,000 $6,630,000
TOTAL CAPEX $2,630,000 $2,590,000 $8,050,000 $17,000,000
Annual Leases/Other O&M Costs $1.05 to $1.8 million $2.52 million $2.04 million $0.74 million
Present Worth Cost of CAPEX $2.63 million $2.59 million $8.05 million $17 million
Present Worth Cost Leases/O&M Costs (1) $4.54 to $7.81 million $10.9 million $8.81 million $3.21 million
TOTAL 5-YEAR LIFE CYCLE PRESENT WORTH $ $7.2 to $10.4 million $13.5 million $16.9 million $20.2 million

B. OTHER PERFORMANCE CRITERIA

Ability to Meet PFAS(6) IDWS

Highly Probable: JRL leachate
successfully treated by FF in 2 lab
tests

Promising: EAOP has treated
leachate in bench & pilot
studies similar to JRL

Highly Probable: RO has
successfully treated leachate full
scale similar to JRL

Highly Doubtful: Adsorption
treatment needs extensive &
effective pretreatment

Residuals Requiring Further Management

FF Foamate of 350 gpd to be
super-loaded on IEX and LF
disposed or treated by EAOP

No residual side streams
requiring management

RO concentrate of 6,900 gpd to
be treated by EAOP; significant
volume and cost for concentrate
treatment

Two sludge streams and spent GAC
requires management

Pretreatment Requirements

Process is resilient and effective
with simple filtration (if necessary)

Process is resilient and
effective with simple filtration
(if necessary)

Process is resilient and effective
with filtration and pH
adjustment

Significant pretreatment of complex
JRL leachate required

Note:

1 Present worth cost presented for five-year period with interest rate of 5 percent.
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STUDY TO ASSESS TREATMENT ALTERNATIVES FOR
REDUCING PFAS IN LEACHATE FROM STATE-OWNED LANDFILLS

1.0 INTRODUCTION

Perfluoroalkyl and polyfluoroalkyl substances (PFAS) are a group of man-made chemicals
manufactured since the 1940s. They were widely used in Teflon and other non-stick household
products, stain repellants, waterproof clothing, food paper packaging such as coffee cups and
pizza boxes, lubricants, aqueous film forming foam (AFFF), and many other consumer products.
The substances have been referenced as “forever chemicals” due to the strength of the PFAS
carbon-fluorine bond that comprises each PFAS molecule, which is not susceptible to natural
degradation or treatment using typical processes. PFAS have been detected in surface waters,
groundwater, drinking water, wastewater treatment plant (WWTP) effluents, and in landfill
leachate. Over the past five years, the United States Environmental Protection Agency (U.S.EPA)
and other state environmental agencies have identified landfill leachate as a potentially
significant source of PFAS to the environment.

Maine passed Resolves 2021, Ch. 172! “to address PFAS Pollution at State-Owned Solid Waste
Landfills.” This law includes language relative to the Bureau of General Services (BGS) completing
a study of methods for treating leachate at the State-Owned landfills. Sevee & Maher Engineers,
Inc. and Crawford Engineers (i.e., the SME Team) were contracted by BGS to conduct a study (i.e.,
the Study) to identify and assess treatment alternatives for reducing the concentration of PFAS
in the leachate collected from the State-Owned solid waste landfills in East Millinocket (i.e., the
Dolby Landfill also known as Dolby) and in Old Town (i.e., the Juniper Ridge Landfill also known
as JRL). Figures 1-1 and 1-2 show aerial views of Dolby Landfill and JRL, respectively.

e A copy of Resolves 2021, Ch. 172, which defines the scope of the Study is presented as
Appendix A. In 2021, MEDEP adopted an Interim Drinking Water Standard (IDWS) of 20
nanograms per liter (ng/l) for the sum of six specific PFAS in drinking water (see
Appendix A for a copy of Resolves 2021, Chapter 82), referred to as PFAS(6) for the Study

1 This law stipulates that “BGS and its consultant shall consider treatment technologies other than dilution that are
available or under development and that could be designed and installed on-site at the landfills or at an off-site
treatment facility to reduce PFAS substances in the leachate to no more than the interim drinking water standards
established pursuant to Resolve 2021, Chapter 82. If treatment to that standard is determined by BGS to not be
feasible based on available treatment technologies, BGS may, with input from the Maine Department of
Environmental Protection (MEDEP), consider options to reduce PFAS substances in the leachate to a different
standard”.
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and this Report. The six PFAS are perfluorooctanoic acid (PFOA),
perfluorooctanesulfonate (PFOS), perfluorononanoic acid (PFNA),
perfluorohexanesulfonic acid (PFHxS), perfluoroheptanoic acid (PFHpA), and
perfluorodecanoic acid (PFDA). The Study uses the PFAS(6) IDWS of 20 ng/l as the leachate
treatment goal.

This Report presents the findings of the Study authorized by BGS. The Report contains nine
sections with associated tables, figures, and appendices. Sections 1.0 through 5.0 provide
background information relative to PFAS in general, information specific to the physical
characteristics of the Dolby and JRL landfills relative to leachate production, and the quality of
the leachate from those facilities relative to PFAS presence and other leachate chemistry that will
influence PFAS treatment. Sections 6.0 and 7.0 examine the variety of PFAS treatment
alternatives that are potentially available for leachate and describe a group of treatment
alternatives considered practical for implementation at Dolby and JRL. Section 8.0 evaluates the
costs and feasibility for the various treatment alternatives, and Section 9.0 summarizes the
findings of the Study and offers steps to consider for preparation to treat PFAS in the Dolby and
JRL leachates.
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