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Landfill Functional Stability – Technical Basis to Optimizing PCC 
Systems Over Time and Determining the End of PCC per Part 115



Agenda
I. Part 115 Amended Michigan Statute Summary (PCC)

II. History – Evaluation of Post Closure Care (EPCC)

III. Goal of Post Closure Care (Time-Based vs. Performance-Based) 
• Partnership

• Importance of Beneficial End Use Strategy

• Follow the Science/Data 

• Confirmation Monitoring

IV. What is Functional Stability and How Does it Work?
– Performance Metrics – Transitioning from Functional Stability to Custodial Care

V. Q&A



Primary Presentation Objectives

• Understanding Functional Stability Process

• Importance of Confirmation Monitoring

• Driver for Decision-Making is Data (Performance-Based)
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PART 115
SOLID WASTE MANAGEMENT

324.11503.amended Definitions; D to G.

(27) "Functional stability" means the stage at which a landfill does not 
pose a significant risk to the environment, natural resources, or the 
public health, safety, or welfare at a point of exposure, in the absence 
of active control systems
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PART 115
SOLID WASTE MANAGEMENT

324.11517.amended

Time-Based vs. Performance-Based

Sec. 11517. (1) The postclosure plan may include monitoring and 
maintenance provisions not otherwise required by part 115 if designed 
to achieve and demonstrate functional stability,…
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PART 115
SOLID WASTE MANAGEMENT

324.11517.amended 

324.11517.amended Approval of closure certification and postclosure
plan; modification of postclosure care period; release from postclosure
care; duties of owner or operator. 
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Where Are We?

 EPA Slow to Change
 States taking the lead
 Subtitle C PCC Guidance 

Published 12/15/16
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Why Increased Focus 
Today?

 Landfill PCC permits expiring

 EPA – No Guidance on “protection of 
human health and the environment”

 Certainty – No “Kicking the Can”
o All stakeholders are seeking 

“certainty” - need an objective process 
for planning purposes



(1) The length of the post-closure care period may be:

• (A) decreased by the Director of an approved state if the owner or operator 
demonstrates that the reduced period is sufficient to protect human health 
and the environment; or

• (B) increased by the Director if it is determined that the lengthened period is 
necessary to protect human health and the environment. 

EPA on evaluating threat of MSW Leachate:
• “Concentrations at the point of exposure, rather than concentrations in 

the leachate in the collection system, may be used when assessing 
threats.” 

- EPA 1998, Section 6.6.3
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Post-Closure Care and Protection of HH&E (Subtitle D)
What is the Federal Framework?



Guiding Principle

RCRA was not established with the goal 
of permanently marginalizing land; the 
intent for completion of PCC followed 
by suitable reuse of former landfill 
properties is the intent of the 
regulation



Consistency with Sustainability Concepts

• Landfill managed so that outputs are controlled in an acceptable way
• Residues should not pose an unacceptable environmental risk
• Future uses of groundwater other resources not compromised

Beneficial Reuse – Reintegrating property into community critical 
component to long-term landfill sustainability

“Safe transfer of waste from society to nature”



13

Technical Foundation – Initial Peer-Reviewed 
Performance-Based Methods



SWANA’s Technical 
Policy T-9.3

 “T-9.3 Termination of MSW Landfill Post Closure Care 
Requirements”
o Developed in Collaboration with NWRA
o Reviewed and Approved by Technical Divisions and 70 

Member International Board

 Policy Statement:
 PCC Term is finite
 Term should be defined using site-specific data and 

a performance-based approach
 Technical evaluation methodology and 

performance-based criteria should be agreed upon 
in advance
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Technical Basis for EPCC Process

Define activities and duration of care in terms of Functional Stability

• Monitor to confirm predictions (Confirmation Monitoring)

• Performance-based, site-specific

• Focused on emissions, which defines relationship with environment
– Leachate and landfill gas

– The release of constituents can be evaluated for potential impacts at the POC/POE

• Step-down reductions in PCC, and eventual termination, can be 
justified based on the outcome of these evaluations
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Functional Stability Model
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Performance-Based Post-Closure Care and Functional Stability



Elements of Functional Stability Postclosure Plan

Iterative Process for making incremental improvements to landfill control 
elements

Major Components
1. Confirm target goals for each PCC element 
2. Assemble and evaluate existing data
3. Identify data gaps (e.g., parameters)
4. Develop sampling approach to address data gaps
5. Continue PCC operations and monitoring approach until such time 

as re-evaluation is possible (based on data)

Look for system and monitoring optimization opportunities 
based on data



Demonstrating Functional Stability
• Confirm the end goals for PCC in terms of Functional 

Stability

• Confirm reliable indicators of Function Stability on a site-
specific basis

• DATA

• Perform evaluations to demonstrate Functional Stability

• Custodial Care

Several 
Evaluation 
Rounds



EPCC Summary



LFG – Measured vs. Modeled
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Methane Flow
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BOD and COD – Leachate Surrogate Parameters
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Groundwater/Leachate Evaluation
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Cover Settlement
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“That’s where 
we are on the 
curve!”

(a) Leachate Module

(b) Groundwater Module

(c) Gas Module

(d) Cap Module

Year 28 Year 56
EARLIEST Potential Start of Cap CM EARLIEST Potential End of Cap CM 

 (depends on GAS MODULE) (depends on LEACHATE and GW MODULES)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0.E+00

2.E+06

4.E+06

6.E+06

8.E+06

1.E+07

1.E+07

1.E+07

2.E+07

2.E+07

1975 1985 1995 2005 2015 2025 2035 2045 2055 2065 2075

Year 18 = FUNCTIONAL STABILITY CONDITIONS ASSUMED MET 

0

20

40

60

80

100

120

140

160

180

1975 1985 1995 2005 2015 2025 2035 2045 2055

Year 20 = Time at which leachate functional stabil ity conditions are 
expected to be verified
EXPECTED START DATE FOR GROUNDWATER CONFIRMATION 

CONFIRMATION MONITORING SURVEILLANCE 
MONITORING

M
od

el
ed

 G
as

 G
en

er
at

io
n

Po
te

nt
ia

l R
em

ai
ni

ng
(%

)

METHANE MIGRATION MONITORING

0%

20%

40%

60%

80%

100%

1975 1985 1995 2005 2015 2025 2035 2045 2055

Actual flow
data to flare

Ke
y D

ec
is

io
n 

Pa
ra

m
et

er
BO

D 
Co

nc
en

tr
at

io
n

(m
g/

L)

FUNCTIONAL STABILITY LINE

M
od

el
ed

 G
as

 C
ol

le
ct

io
n 

Ra
te

 
at

 7
5%

Co
lle

ct
io

n 
Ef

fic
ie

nc
y(

m
3 /

ye
ar

)
M

od
el

ed
 A

nn
ua

l R
at

e 
of

 
Se

tt
le

m
en

t (
%

 To
ta

l P
os

t-
Cl

os
ur

e
Se

tt
le

m
en

t)

CUSTODIAL CARECAP SURVEILLANCE 
MONITORING

4                   14                 24                 34                44       54                 64
Years Post-Closure

DETECTION MONITORING

START OF OPERATIONS

4                   14                 24                 34                44       54                 64                74
Years Post-Closure

START OF OPERATIONS

4                   14                 24                 34                44       54                 64
Years Post-ClosureSTART OF OPERATIONS

CAP CONFIRMATION MONITORING

FUNCTIONAL STABILITY LINE

FUNCTIONAL STABILITY LINE

Potential extension of 
METHANE MIGRATION MONITORING 
if de minimus condition is not met

Reference: Morris, Caldwell, Bull (2012) Application of a 
performance-based methodology to evaluate optimization 
and completion of post-closure care at a municipal landfill. 
Proc. Global Waste Management Symposium, 30 
September - 3 October 2012, Phoenix, Arizona



What is Custodial Care?

• Routine level of passive care needed after active PCC obligations are 
completed (defined by demonstrating Functional Stability)

• Land ownership care obligations:
– Maintenance of site features and access controls

– Control of nuisances

• Mandated through land use controls
– Deed restrictions, covenants, other legal instruments

– Uniform Environmental Covenants Act (UECA) – if applicable

No walk away



Beneficial Reuse of Landfills:
Put your Closed Site to Work!



Example
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New York Landfill – Case Study (~1970-1993)
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WAC 173-351-500:
Closure and Post-Closure Care 

WAC 173-351-500(2)(a)
– A closed landfill is functionally stable when it does not present a threat to HHE at 

the POE for humans or environmental receptors

WAC 173-351-500(2)(b)(iii) – Consider at least the following factors:
– (A) Leachate production and quality must be such that maintenance and operation of 

the LCS can be ceased...

– (B) LFG production and composition must be such that maintenance and operation of 
the GCS can be ceased…

– (C) The cover system must attain geotechnical stability for slope and settlement…

– (D) Groundwater quality must remain in compliance with the protection standards 
established in WAC 173-351-440(8) at the relevant POC
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Functional Stability Q&A

Is it really as simple as “where are you on the curve?”
 Qualified Yes…….this requires data.

Can this concept be used on a modular basis to optimize OPEX prior 
to ending PCC for the landfill?
Yes – optimizing PCC costs is a critical element of the functional stability objective

What is the next step after determining a landfill is functionally 
stable?
Confirmation monitoring.  Monitor to confirm shutting off active controls is 

protective

After that?
Custodial Care.  Non-regulatory (non-FA) property management (perhaps with 

Institutional controls/deed restriction).



• Performance-based EPCC Methodology is a technical framework that 
can be a bridge between a closed landfill & beneficial property re-use

• A functional stability-derived outcome provides:
• Risk and cost “certainty” for all stakeholders

• Alternative to perpetual care or source removal alternatives

• Places burden on the O/O to show “no threat at a POE”

• Reasonable allocation of financial resources aimed at a shared 
objective of beneficial re-use of the property

Process provides a more objective outcome with the 
goals understood by all parties in advance
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Take Away Messages



Thank You!
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