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Why End Post-Closure Care?

Resource optimization

Beneficial land reuse
Recreational
Commercial

| Agric

Keeping up with historical

landfills Country | Operating | Operating
) ] ] landfills Landfills
Avoid an ever Increasing (REI) (late 2000s)

Cost certainty
Liability management
Community goodwill

workload USA 6300 1800
Ever-increasing number of Germany 560 330
sites being closed UK 2000+ 465
Focus regulation and

Ref: Laner, Crest, et al. (2012) A review

attention where most needed of approaches for the long-term

management of municipal waste landfills.
Waste Management, 32(3), 498-512




Geosyntec®” U.S. Regulatory Context:
e Performance-Based Regulation

= Subtitle D (40 CFRS8 258.61)

= The general assumption is a prescriptive 30-year term for PCC, but
actually the regulation is performance based:

= For example: “é s t onpnaging leachate if the owner or operator
demonstrates that leachate no longer poses a threat to human
health and the environment [HHE]...”

= Protection of HHE is demonstrated when potential threats are
minimized to acceptable levels at the relevant POE

= POE typically is closest property boundary location at which a
receptor could be exposed to contaminants and receive a dose
via a credible pathway

= Active gas collection can be terminated when maintaining and
operating the gas monitoring system is no longer required to control
subsurface migration
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Geosyntec®” U.S. Regulatory Context:
COnSUANLS Control of Landfill Gas Emissions

= 40 CFR§ 60.7(a)(4)

» Removal of active gas collection system in low landfill gas
producing areas in closed landfills:

* Provide three successive emission reports demonstrating that
the landfill is no longer producing 50 Mg/year of NMOC

» The GCCS operated at least 15 years or it can be demonstrated
that the GCCS will be unable to operate due to declining gas
flows

= There are no surface methane emissions of 500 ppm or greater
In the landfill or closed area for 4 consecutive quarters

= 40 CFR Part 60, Subpart Cf (Proposed Rule)
= Revised criteria for active landfills
= 40 CFR Part 98, Subpart HH (GHG Reporting Rule)

= Applicable to landfills generating 25,000 Mg/year CO, equivalent
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Problem: Current Decision Model for PCC

-

Site Closure

—y—x

Care Program

Implement Post-Closure

Has duration of
Post-Closure Care
been 30 years, or a

allowed/required by
the Director?

<+— Post-Closure Care Period —»

shorter/longer period

No

How can the
Director
determine
this?

End Post-Closure Care




Geosyntec® U.S. EPA Guidance
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= Subtitle C

= “Draft Guidelines for Evaluating and Adjusting the Post-Closure
Care Period for Hazardous Waste Disposal Facilities under
Subtitle C of RCRA”

» |ssued for public comment, July 2015

= A number of comments received opined that the document does not go
far enough in clarifying procedures that should be followed

» Final version is still pending, due late-2016

= Subtitle D
= Study initiated, 2016
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Geosyntec® Other Stakeholders

consultants

. | -

= Stakeholder positions on long-term risk of closed MSW Landfills:
» |TRC guidance document on performance-based PCC (2006)
» EREF guidance document on performance-based PCC (2006, 2011)
= SWANA white paper on long-term risks (2011)

= ASTSWMO position paper and survey (2013)
= 10 States have promulgated regulations/guidance on completion of PCC

= Examples of States that have developed specific PCC regulations:
VA: Guidance for Terminating PCC (2006)

WI: Landfill Organic Stability Plans (2007)

CA: Proactive Monitoring for Step-Down PCC and Fin. Ass. (2010)
WA: PCC Plans and Fin. Ass. based on Functional Stability (2012)

FL: Guidance on Completion of Long-Term Care (2016)



Geosyntec® Technical Basis:
consultants Performance-Based Demonstrations

Define activities and duration of care in terms of “Functional
Stability” — “non-impacting relationship of closed landfill
with receiving environment in the absence of active care”

= Performance-based, site-specific

= Not concerned with organic stabilization of the waste, but
with landfill emissions (defines relationship with
environment)
= Leachate and landfill gas

* The release of constituents can be evaluated for potential
Impacts under worst-case scenarios

* Proactive data collection and end-use planning is essential

= Step-down reductions in PCC, and eventual termination,
can be justified based on the outcome of these evaluations

= We can monitor to confirm our predictions ___ Geosyntecoom T




Geosyntec® Qualitative Long-Term Behavior of
CisRnS Post-Closure Landfill Emissions
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Making the Case for Transition to
Passive Management
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Technical Basis for PerformanBased PCC
(Demonstrate Functional Stability)

- Define the end goals for PCdn terms of Functional
Stability

$

- Identify reliable indicators of Function Stability on a site-

specific basis
Several
Evaluation
Rounds are
Likely

+ Perform evaluation(s) to demonstrate Function Stability
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Geosyntec® Indicators of Functional Stability:

consultants Landfill Gas Management

= Statistical downward trend in methane collection rate

= Eliminating active gas control has not resulted in impacts due to
migration, emissions, or odors

» Generally predicated by some level of cap maintenance

= Gas management is compatible with beneficial reuse of the property
= Long-term passive/semi-passive gas management in place

= Confirmed to be working as designed

= Can gas management be wrapped into a general cover inspection and
property maintenance program?

B

Whirlybird




Geosyntec® Indicators of Functional Stability:
comadiants Leachate Management

= Downward trend in macro indicators of leachate quality

= Worst-case leachate release would not cause impacts

» Generally predicated by some level of cap maintenance

» |eachate management is compatible with beneficial reuse of the property
» Long-term passive/semi-passive leachate management in place

= Confirmed to be working as designed

= Can leachate management be wrapped into a general cover inspection
and property maintenance program?

GraV|ty Flow
“Farmers’ windmill” Wetlands system (AR




PhytoCaps as Alternative Covers
h Road Landfill, Ho ennsylvania
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Geosyntec® Demonstration of Functional Stability:
e Experience Gained

= Questions often Asked:
= Has such an evaluation been conducted with actual site data?

* Has the approach been approved by a regulatory agency?

= May 2016: Pre-Subtitle D Landfill, NY
» Retroactive sequential analysis 5-20 years after closure
= To be submitted to NYSDEC

= August 2015: Pre-Subtitle D Landfill, TX
= Approval from TCEQ for termination of their PCC permit

= 2013: Two Subtitle D Landfills, WA
* Predictive analysis of functional stability per Ch. 173-351 WAC

= Accepted by Dept. of Ecology, approval pending
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Case Study lllustrations
Landfill Gas
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Geosyntec® Time to de minimis Residual Gas Flow
coediaits (Closed Subtitle D Landfill, WA)
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Establish FS target based on:
Limit value (standard)
BACT specification
“de minimis” residual gas

Monthly Average Methane Flow Rate

Time since Closure (years)

Reference: Morris, Caldwell, et al. (2013) Functional stability and completion of post-closure care at municipal

landfills: Findings from application of a performance-based methodology,
Sardinia 2013, 30 Sep - 4 Oct, S. Margherita di Pula, Cagliari, Italy



Geosyntec® Time to de minimis Residual Gas Flow

consultants (Pre-SUbtitle D Landﬂ”, NY)
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Reference: Geosyntec Consultants (2016) Final Report Implementation of the EPCC
Methodology for Assessment of Functional Stability, Mohawk Valley Landfill, Frankfort, NY
Prepared for Environmental Research and Education Foundation
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Geosyntec®  Cover System Oxidation as Passive Control

consultants (Active Subtitle D Landfill, WA)
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Reference: Caldwell, Obereiner, and Morris (2016) Case study for prediction of a performance-based PCC
term for LFG collection using passive controls.

Proc. Global Waste Management Symposium, 31 January — 3 February 2016, Indian Wells, California
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Leachate
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Geosyntec® “Gateway” Indicators of Functional Stability
coediaits (Pre-Subtitle D Landfill, NY)

Biochemical Oxygen Demand (BOD)
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Reference: Geosyntec Consultants (2016) Final Report Implementation of the EPCC
Methodology for Assessment of Functional Stability, Mohawk Valley Landfill, Frankfort, NY
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Geosyntec® Leachate Functional Stability Analysis
coiautimnts (Pre-Subtitle D Landfill, NY)
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Geosyntec® Leachate Functional Stability Analysis
cHaats (Pre-Subtitle D Landfill, NY)
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= Tight geology above groundwater resource:
= |eakage of leachate will manifest in river (POE)
= Fate and transport (F&T) model pathways to river:
» Indirect leakage via alluvium (key parameter. ammonia, 60 mg/L)
» Direct leakage (surface seeps)
» Discharge from surface water outfalls (ammonia, 4.9 mg/L)
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Leachate Functional Stability Analysis

(Pre-Subtitle D Landfill, NY)
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Geosyntec® Closing Summary
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= Under a performance-based approach, PCC is continued for as long as
necessary and not for an arbitrarily defined period

= Defined in terms of Functional Stability
= Quantified in terms of leachate and LFG emissions

* Proactive measures can reduced PCC timeframe and make step-down
reductions in leachate/LFG controls easier

= End use planning is essential

= Tools and guidance have been developed to evaluate Functional
Stability and make step-down reductions to optimize leachate and LFG
controls

= Active - Semi-Active - Passive
= Once all controls are passive, regulated PCC ends
= Move to post-regulatory land management program (Custodial Care)
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Thank You

Jeremy Morris
jmorris@geosyntec.com
(410) 381-4333
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