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This Information Bulletin is pnmmarily intendel for personnk with proed manajement
responsibilities for Deparient of Enegy (DOE) erwvironmental restoration or waste
manaement prgects conducted pursuant to the n@oehensre Ervironmentd Response,
Compensation, and Liabiljt Act (CERCLA) or the Resource Congation and Reoeery Act
(RCRA). It describes issues faced at CERCLA sites and RCRA facilities/untegoing
closure and postlosure caravhen wastes will nmain onsite or groundwater is containated,
and discussetechnique for addressig these issues effeetly. [Note: thisinformation Bulletin
does not discuss closure when no wastesiae onsite (i.e., clean closure under RCRA, or cas
resultirg in unrestricted land use under CERCLA or RCRA corveddiction).]

Postclosure care is required whenzheds renain onsite (., contaminants renain abwe risk-
basel or othe regulatoly levels) and “barriers” are in place to pemt exposure of hnans and
ecolaical receptors to these fwds.In thisInformation Bulletin, the ten “barrier” is defined
broadly to include ag administrative or emjineeral device in place to prevernt unacceptable
exposures to lmards (eg., covers, fencig, land use restrictiongpumping ard treatirg of
groundwater to pneent migration of contaninants). Specificayl, this Information Bulletin
describe how four principles, consistent with and based on the Principles vwfoBmental
Restoration (as outlined idighlight 1), may be used as a fr@ework for effectively complying
with regulations and addresgjrissues associated with closure and jotsture care.
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Introduction
Closure and post-closure care activities include:

1. Terminating waste management operations or
active remediation of past releases, and

2. Planning and implementing management of
wastes that remain in place in a “ufit.

There are specific requirements under both RCRA
and CERCA for conducting closure and post-
closure care when wastes remain orfsithese
activities include those needed to obtajreament
from site rgulators that a CERICA or RCRA
project is complete. Also included are activities
necessarto implement surveillance, monitogn
and maintenance of aiarriers that are part of a
remeq. Examples of theypes of administrative
activities required Y statute or regulation under
CERQL.A and RCRA include:

1. Fa CERCLA projects, the statute and the
National Oil and Hazardous Substances
Pollution Contingeng Plan (NCP) define a
process for deletion of sites from thellNP
detail how to conduct $ear reviews to ensure
protectiveness of the remedhen wastes
remain in place, and require project managers
to document completion of a removal
operatiorn®

2. Fa RCRA corrective action projects, the
owner/operator must document completion of
corrective measures and submit a request for a
permit modification leading to post-closure
care?

! The tem ‘unit,” as used in this docoent, refers to an
distinct areas of a sitghere renediation orwaste
managenent is conducted or evaluated. A umdy be a
single area (e.g., RCRA regulated unit, landfill, grouatbr
remediation project) or a mber d smaller projects grouped
together (e.g., CERGL operable unit, entire NPL site).
2 RCRA cbsurepost-closure care muirements aredund in
40 CFR 264/265, Subpart G. CERErequirenents are
found in 40 CFR 300.

% See 40 CFR 300.425(e), 40 CFR 300.888)(ii), and 40
CFR 300.165, respectivel

“ Per 40 CFR 264.110264.120 (8bpart G)

Highlight 1: The History of the Principles of
Environmental Restoration

The Principles of Environmental Restoration
are the distilled lessons learned frgears of
practical field &perience implementing
environmental response programs under
RCRA and CERCA. These principles
emerged based on the collectiwperience of
project managers working on both public anﬂ
private lead sites since the inception of thes
environmental programs in the United Stateg.
This wealth of gperience, combined with the
anaysis of site approaches where responseg
have been successful, lead to the developmgnt
of four principles of environmental restoratiilL

Together, these principles form a framewor
that fosters communication and leads to pro
streamliniry.

ct

The four principles of Environmental
Restoration are:

1. Building an effective core team is essentigal.
For more information, refer to DOE/EH-
413-9911/0999September 1999

2. Clear, concise, and accurate problem
identification and definition are critical.
For more information, refer to DOE/EH-
413-9904(May 1999.

3. Early identification of likey response
actions is possible, prudent, and necgssar
For more information, refer to DOE/EH-
413-9902(May 1999.

4. Uncertainties are inherent and will alysa
need to be managedor more
information, refer to DOE/EHCERCLA-
002 (February 199yY.

Fa closure of RCRA regulated units the
owner/operator must submit a suyy®at that
indicates where hazards remain to the autporit
with jurisdiction over local land use. The
owner/operator must also document the plans
for post-closure care, which geneyathust



continue for at least 3fears after the date of
closure>

In addition to an administrative component of
remeq@ completion, closure, and post-closure,
RCRA and CERCA regulations establish

Performance-based objectives have the advantage
of providing project managers flexibifiin the
technical approaches thean use. This flexibiljt

also allows project managers to remediate in the
most efficient and effective manner possible. To

performance-based approaches that must be met achieve performance-based objectives effegtjvel
(e.g., develop a monitoring program to ensure thathowever, project managers must consider a

actions protect human health and the
environment). What is lacking in the regulations,
however, is a detailed framework to help project -
managers make the technical decisions needed to
meet these performance measuféss

Information Bulletin outlines considerations,
consistent with the principles of environmental
restoration, which provide this fraework.

Overview of major statutor y and
regulator y requirements related to
closure and post-closure care

The ke steps leadigto RCRA and CERCA

closure and the specific scope of tlnformation
Bulletin are depicted ifigure 1. On the ngt

page Figure 2 describes the major regulayor
requirements under which renyecbmpletion,
closure, and post-closure igically conducted

when wastes are left in place or groundwater is
contaminated. However, as seen in Figure 2, the
general requirements and technical objectives of *
these projects are primariperformance-based,
regardless of the regulayoiramework under

which the work is xecuted. Forxample, to reach
construction completion under CERAE, project
manayers must demonstrate that the implemented
remed is “functioning propes” and “performing

as designed®To reach project closure under
RCRA, rgulators must gree that a remgthas
achieved its project performance objectives and
that owners/operators have taken and will continue
to take “all steps to prevent threats to human
health and the environment!h all cases, when
hazards remain onsite, project managers must
develop monitoring and maintenance plans to .
ensure continued protection.

®Per 40 CFR 264.117(a)(and
40 CFR 264.117 (a) (2) (i) & (i)

® Per 40 CFR 300.43§(2)

" Per 40 CFR 264.113(a)(2)

number of critical issues, including:

Inherent uncertainties in actual site
conditions. When wastes remain in place,
uncertainties about the actual site conditions
neary always remain following remediation.
These uncertainties manclude questions
regarding the nature, amount, and behavior of
the waste materials left in place. Faample,
project managers mauestion whether
predictions about the future fate and transport
of waste left in place in a disposal area are
accurate. Consequeytproject managers
should consider what deviations froxpected
site conditions and waste characteristics are
likely. Furthermore, if a remgdioes not work
or does not continue to work in a satisfagtor
manner following implementation, a different
remedial approach maneed to be evaluated
(i.e., a contingent remgjl

Potential for future exposure.When wastes
remain in place, there is alysa potential that
future activities will lead to unplanned
exposures to human and environmental
receptors. Even if site conditions remain as
expected (e.g., wastes remain in disposal
units), posure pathwgs that have been
eliminated ly means of an engineered or
administrative barrier nyabe reopened (e.qg., if
animals burrow through cagh some cases
new, unplanned-fongosure pathwgs ma be
established (e.g., if different land uses than
assumed occur).

Continued canmunity awareness and
involvement. Both RCRA and CERCA
regulations require continued communication
with the local communjtduring closure and
post-closure activities, particulgnvhere
different land reuse scenarios are possibnle.



Figure 1. Timeline of Stages Leading to Closeout of RCRA and CERCLA Enviranental Projects
Typical RCRA/CERCLA Remediation

- - >
Phase: Discovery Investigation and Remedy Selection Project Closeout and
(PA/SI or RFA! Alternative Evaluation Implementation Long-term Care
(RI/FS and RFI/CMB (ROD/RDI and SOB/CMI)
Focus: i Identify 1 i  Gather sufficient data . Define canpletion  Define andnplement technical
i releases | | to define probles, i objectives before | 1 requirements tomeet NCP closeut
| potentialy : |  evaluate responses, and | implementation bgins !  conditions, define glectives tomeasure!
i requiring i manaje uncertainties . andmanae uncertaintie?s i success of logttem care, conduct 5-
. response ! ! thatwill arise durig ! ' as thg arise durig ! \ year reviews and delete fra NPL, !
i implementation !  action.  identify andmanage uncertainties that
"RI/FS Guidanck ‘Multiple guidance docments. Refef ~ — . o . T '
Primay OEPA ‘Phased Approach Guidarice to: http://tis.eh.dogov/oepa/ sl e
References: "Principles Factsheét§ >°  "Also refer to the Principles of
Environmental Restoratioi :
Typical RCRA Requlated Units: Design andimplementation trainig
. | - - >
Phase: Planning Operation of Unit Closure and Post-Closure Care
Focus: Obtain pemits and/or Comply with pemit and: ' Define and mplement technical aspedts
| establish procedures for ' other rgulatory | of RCRA closure requireents, obtain!
,  operation taneet Federal i requirements; deelop ! | postclosure pemit, define ojectives
'/ State hazardous waste! \  plan detailig how ! ' to measure success of lpterm care, |
| requirements . closure of operations i manae uncertainties that meain.
e : + will occur. !
Primay OEPA RCRA Pemitting Guide for -Multiple guidance -This Information Bulletin
References: Hazardous and Radioagati Mixed .
Waste Mangement Facilitie$ documents. Refer to:
http://tis.eh.dogov/oepa/
1. http://tis.eh.doe.gov/oepa/guidance/cercla/ri_fs/allri_fs.pd 5. DOE-EH-413-9911/0999 (Septeber 1999)
2. http://tis.eh.doe.gov/oepa/guidance/cercla/phased/phased. pdf 6. http://tis.eh.doe.gov/oepa/guidance/cercla/7combine.ppf
3. http://tis.eh.doe.gov/oepa/guidance/cercla/prob_id.pdf 7. http://tis.eh.doe.gov/oepa/guidance/rcra/permit_a.pdf
4. http:/itis.eh.doe.gov/oepa/guidance/cerclaygdpdf




Closure of Hazardous, Mixed, and Rmediation

TYPICAL COVER DESIGN CRITERIA

Coverthe landfill or cell with a inal cover
designed and onstucted to:

*Provide long-term minimization of migration
of liquids through the closed landill.
«Function with minimum mainénane.
«Promote drainage and minimze erosion or
abrasion ofthe cover.

«Accommodate settling and subsiehce so that
the cover's integrity is maintaired.

*Have a permeability less tharor equd to the
permeability of any bottom liner system or
natual soils resent

Figure 2. Typical Regulatory Requireanents for

Units with Waste in Place*

N

TYPICAL UNIT POST CLOSURE
REQUIREMENTS

Owner/Operéor must:

*Maintain the integrity and effectiveness of
the final cover (e.g. make repairs to correct
effects of settling, subsidence, erosion, or
other events).

« Continue to operate leachate collection
and removal system until the leachate is no
longer detected.

*Maintain and monitor the leak detection

system.

*Prevent run-on and run-off from eroding or
otherwise damaging the final cover.

*Protect and maintain surveyed benchmarks
used in complying with surveying and
record-keeping regulations.

Closed Unit

A

Monitoring Well

\Waste Material //

Drainage
Materia

Leachate Collection
ystem Sump (if
applicable)

Drain Pipe

Bottom Composite
Line (if applicable)

Residual
contamination
in vadose zone

Aquifer

—

Monitoring Well

Creek

]
¢ Residual Plume > MCLs

—~&—Groundwater flow

TYPICAL PERFORMANCE
REQUIREMENTS (40 CFR § 264.111)
Owner Cperaor must:

*Minimi zethe neel for further mainenane.
«Control, minimize, or liminate to the extent
necessay to protect human kelth and tle

environment, pos-closure esgpe ofhazardous weste,
hazardous @nstituents,leachae, contaminaed run-
off, or hazardouswast decomposition products b the

groundor surfa@ waters or the atmosplere.

TYPICAL MONITORING REQUIREMENTS
Owner Cperaor must:

*Maintain and ronitor the groundwater
monitoring ystem.

*Typicd requirementsfor regulated units and a#\RARsor apgdicable
requirements b CERQ_A and RCR corrective actions

GROUNDWATER PLUME CONTROL

Owner Cperaor must:

«Control and maintain jume to prevent
exposure and novement beyond points
of compliance.

*Maintain ®mplianae with regulatory
standards.




addition to meeting the regulayor
requirements, ensuring commuynéwareness
of remaining hazards and encouraging
communiy involvement are often crucial to
maintainirg the protection of human health
and the environment in the long-term.

» Transfer of infor mation. During closure, a
project manager must identiivhat
information should be transferred to the
regulators and other stakeholders to ensure
continuation of effective project closeout.
Project managers must also identiiethods
that work best to transfer that information.

By considering the following four principles, a
project manager will have a more effective
framework for evaluating and addressing each of
these issues associated with the closure / post-
closure phase of RCRA and CERE projects.

Planning and Implementing Effecti
Project Closeout °

ve

Four principles, consistent with and based on the
principles of environmental restoration, provide a
framework for planning and implementing
effective project closeout activities:

1. Define baseline conditions thatist at start of
project closure and post-closure activities.

Early identification of monitoring needs is
possible, prudent, and necegsiar detect ay
significant chamges to the baseline conditions.

Uncertainties are inherent during closure and
post-closure care, and must be managed.

Early, open communication and involved
decision-making Y stakeholders is essential.

® The tem “closeout” encanpasses all of those activities
associatedavith terminating wastemanagenent operations or
active renediation of past releases, and planning and
implementingmanagenent ofwastes that maain in place in
a unit. Closeout includesmedy completion, closure and
post-closure care.

These principles are not a prescriptive recipe for
success; rather, thare fundamental

considerations for thinking about issues associated
with closure.

Principle 1. Define baseline conditions that

exist at start of project closure and post-closure
activities. Clear definition of the baseline
conditions of the unit at the time of remedy
completion and unit closure is essential to ensure
effective protection of human health and the
environment in the long-term.

Perhaps the sghe most important actiwta

project manager can do to ensure effective
protection of human health and the environment
into the future is to clearidocument the baseline
conditions when an environmental project is
completed. The baseline conditions are the
elements of the leggllagreed-upon or mandated
“protective” scenario requiredylihe regulations.
Under ay regulatoy framework, this “protective”
scenario is definedylfour components:

Waste characteristics(e.g., contaminant
types, concentrations of contaminants left in
place);

* Unit characteristics (e.g., media containing
contamination, distance to groundwater,
possible transport mechanisms for
contaminants,@osure pathwgs to
receptors);

» Barriers in place (e.g., design and
requirements to maintain a multi-level cap,
pump-and-treatystem to restrict plume
migration, fence enclosing unit); and

» Other key assumptions/restrictions to
maintain protectiveness(e.g., restricted land-
use, groundwater use restrictions, zoning
restrictions).

Together, these four components describe the
status of the known hazards that remain in a unit
and how protection of human health and the
environment has been achieved and will be
maintainedIf charges to these baseline conditions



occur, protection of human health and the matrix also elaborates on the other restrictions that
environment mgnot continue to be maintained. A are required to maintain protectivendsgure 3
project manager ensures that future caretakers of provides anxample of a Post-Closure Conceptual
the unit understand the details of the “protective” Site Model with a matrix of baseline conditions.
scenario B documenting the baseline conditions

of a unit at completion. Principle 2. Early identification of monitoring
needs is possible, prudent, and necessary to
One method for documenting the baseline detect any significant changes to the baseline
conditions is to develop a Post-Closure conditions. When hazards will remain onsite,
Conceptual Site Model. This tool visuall monitoring establishes that baseline conditions
summarizes the remaimgmpotential hazards, are being maintained. Early identification of these
potential &posure pathwgs, and how pathwa monitoring needs is prudent. Identification of

are blockedln most cases, the framework of the  when, if ever, the level of these monitoring efforts
Post-Closure Conceptual Site Model alieaglists  can be reduced or need to evolve is also critical.

because sitegpically create conceptual site (SeeHighlight 2 for examples of different
models during the remedial investigation and methods to monitor the performance of a reyned
remeq selection phases of remediatioxidfing

conceptual site models can epsie modified to After documenting the assumed baseline

reflect the changes that occurred during remedial conditions of a unit, a project manager musttne
action.In addition to the Post-Closure Conceptual define how ap major changes in these conditions
Site Model, creation of a matrix that summarizes will be identified. These magament

assumed conditions and other restrictions is often requirements translate into monitoring needs.
beneficial. This matrix further defines the waste

and unit characteristics, and barriers in place. The Some monitoring needs will be drivep tlosure

Highlight 2. Examples illustrating different ways to monitor perfor mance of a renedy.

through direct observation. Faxample, the project manager yndetermine that thexpected condition of
the unit is that the cap will prevent infiltration of water and, therefore, minimize formation of leachate.

system’s capacitwill not be exceeded. However, a reasonable deviation to #peaed condition is that
leachate will form faster than thgstem can collect and treat it. Because the unit has a leachate collecti
sump, the project manager can dingationitor how much leachate is produckdnonitoring indicates that
leachate is forming faster tharpected, the project manager can devise a method for addressing this
unexpected condition (e.g.xpand the capagitof the treatmentystem, modiy the cap).

At a unit where waste has been capped in place, and no engineered liner or leachate cpitrticas,
the project manager must implement a different method for monitoring performance of timetbepcase,
the assumed conditions gnbe that the cap will minimize infiltration of contaminants into the groundwat
that in the past resulted in concentrations abowdrman contaminant levels (M(). Because the project
manager cannot diregtbbserve how much leachate is generated, the performance of the reegdak
monitored ly installing wells at the boundaof the unit. Monitoring of these wells will provide indications
that the cap is functioning propgle.g., mg demonstrate a trend of decreasing contaminant concentrati
In addition, the wells should be designed to provide conclusive evidence if the cap has failed and the
groundwater is contaminated (e.g., detection of contaminants at levels abbgg $6CGhat the project
manager has time to address thisxpeeted condition before unacceptabtpasures occur.

At a closed RCRA mulated landfill unit, a project mager is often able to monitor the performance of a g

assumed conditions are that ifydeachate is produced, it will be in such small quantities that the coIIectH)

r
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Figure 3. Example Post-Closure Conceptual Site Model and Matrix of Baseline Conditions
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Components of the Protective
Scenario

Description

Waste Characteristics

One landill containing wastes rmains onsite. Containants in the lanfl include: Ra-226, Sr-90 Cr, NO, CHGLDCE, Toluene, H, c** and D@\. The
estimatedvolume d material is appmeimately 420,000 cubigards; aminimum of 1,000 curiesvas disposedfan the landill, based on historical
information andknowledge o materials disposedfan this area.

Unit Characteristics

The landill is approximately 50-60feet aboe the upper ydrostatgraphic unit (HSU) and appxamately 80feet abwe the laver HSU d thegroundwvater
aqufer. The contaninants detected in the upper HSU include: CHIDICA, Cr, NG, DCE, Toluene, H, and G* The mntaminants detected inlte lower
HSU include: Cr, NO, CHGJ DCE, Toluene, H, C**, and DQ\.

Barriers inPlace

One single-lger capwith a design fie o 30years covers the lafitl.
There is a covenant that restricts land usavowtays:
1) There is to be no dging in the landill area, and
2)There shall be nogaicultural or residential usef groundvater; punping groundvaterfrom wells is prohibited.

Other Kgy Assumptions to Maintair
Protectiveness

Land usewill remain industrial.

Monitored natural attenuatiomill demonstrate that containants in thegroundvater are bel MCLs in 20years.
Remaining containants in lanfill areawill not continue to leach to the@undvater.

An alternate driking suppy is provided to local residents.

-8-



DOE-EH
A computer automated Site Conceptual Exposure Model (SCEM) Builder is avalable on the EH-41 World Wide Website at: http://www.eh.doe.gov/oepa/programs/scem.cfm


and post-closure regulations. Other monitoring  Not all aspects of response actions are amenable to
activities need to be implemented as a necgssar direct observations. For instance, pan

best management practice for ensuring protection containment in-place or in-situ technologies must

of human health and the environment. Regardlessbe monitored through use of discrete monitoring

of the specific reasons a project manager choosespoints (i.e., wells). These discrete monitoring

to implement monitorig, there will be a points mg provide positive evidence of whether a
continuing need to evaluate the performance of remed has failed (e.g., concentrations of
engineered and administrative barriers when contaminants in the groundwater increase above a
hazards remain onsite. Fotaenple, there is pre-determined threshold level). Monitoring a

always a chance that an engineered barrier will notremed’s performance from discrete points can
perform as intended (e.g., the design of a barrier also provide indicators of success (e.g.,

fails to contain contaminants). There is also a demonstrate that contaminants above the threshold
chance that a functioning barrier will be breached level have noyet been detected, demonstrate a
(e.g., burrowing animals damage the structural  trend of decreasing concentrations of

integrity of a cap). Hence, exposure to remaining contaminants). However, thigpte of monitoring

hazards at a site might occur under if: frequenty cannot provide conclusive evidence that
the remed is functioning propeyl. Instead,
1. Engineered barriers fail, monitoring of discrete points indicates trends,
which, in turn, project managers and regulators
2. Engineered or administrative barriers are must interpret to determine if a renyed
breached, or functioning propetsl.

3. Actual site conditions are or become different It is important to note that certain remedieyma
than those assumed. require specific monitoring approaches to be

employed. For @ample, if monitored natural

Consequenyl, monitoring should be designed to  attenuation is selected as the reppedsubstantial

detect if ay of these non-protective conditions monitoring approach is required, as defined in the

may exist or could develop. Use of Monitored Natural Attenuation at
Superfund, RCRA Corrective Action, and

Under some circumstances, a project managgr malnderground Storage Tank Sites; Directive

directly observe whether a remeis functioning 9200.4-17P, April 21, 1999%.

properly (e.g., determine whether a cap has

minimized infiltration of water through a closed  Decision rules for reducingmonitoring and

RCRA unit ly measuring the amount of leachate maintenance

generated through routine monitoring of a leachate

collection ystem). Thisype of monitoring allows  Another crucial aspect of devising an effective

a project manager to gain definitive evidence of  monitoring approach is idengyihg when

whether a remadis successful (e.g.yb monitoring and maintenance activities need to be

demonstrating thatx@ected quantities of leachate changed or can be reduced. As in all other stages

are being produced). Direct observation can also of environmental restoration, grnthose data

indicate when a remgdas failed (e.g., a sudden should be collected that are necegsar project

increase in the amount of leachate generated couldhanagers and regulators to make sound technical

indicate a breach in cap integjitHowever, direct and engineering decisions.

observation can oplbe emplged if a project

manager is able to identibarameters or Data from monitoring can be used as the basis for

conditions that can be observed as direct measuresvaluatirg attainment of the end remediation

of success or progress.

This directive is available on the internet at:
http://www.epa.gov/swerustl/dirediv/d920041 7htm
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http://www.epa.gov/swerust1/directiv/d9200417.htm

objective or compliance with regulayoor permit Principle 3. Uncertainties are inherent during

requirements. Fon@mple, a remediation straieg closure and post-closure care, anthust be

for a groundwater plume containing tritium yna managed:If hazards remain onsite, project- and

be a combination of pumping (to control plume  programmatic-level uncertainties are inherent and

migration) and natural attenuation. Once will need to be managed.

monitoring demonstrates that tritium has dech

to below its M@, plume migration measures can When wastes remain in place, there are inherent

be stopped. uncertainties that project managers should identif
and manage to ensure that protective conditions

During the remeglcompletion and closure phases, are maintained. Foixample, there are often

project managers should evaluate what additional uncertainties in baseline conditions, whether

action will be needed to protect human health and existing monitoring is adequate, whether remedies

the environment if site conditions change or if will continue to function as planned, and whether

remedies failLong-term care activities should key assumptions about potential receptors will

require a level of effort commensurate with the  remain valid in the future.

hazards that remain onsite and the potential risks

they pose. Similasl, monitoring should be When construction of a remgd complete, one
commensurate with the level of uncertgiat a potential uncertaigtis whether regulatgr

site. As certaintin site conditions increases, the  objectives have been met or if progress is being
level of effort associated with monitoring can made towards meetjrthose objectiveslf there is
often decrease. no question that the response is complete (e.g., all

contaminated soil was located and removed), there
Decision rules are a tool for defining criteria or should be no need for monitoring or contingencies.
boundaries for decreasing monitoring However, some remedies (e.g., capping or other
requirements. Because the project managelylikel engineered barriers) do not provide such definitive
will not be the individual responsible for Ign results.In mary cases, questions remain as to
term care of a unit, it is crucial that these criteria whether all contamination has been located and
be precissl defined during project closeout. mitigated.

In addition to project-specific, technical
uncertainties, a number of programmatic
uncertainties maneed to be evaluated:

Highlight 3: Example of a Decision Rule

IF a contaminant X is not detected iryaof
the groundwater monitoring wells above
EPA’'s MCLs for 12 consecutive quarterl
monitoring effortsTHEN remove
constituent X from the list of anges of
concern and do not continue monitoring for
this constituent.

* Will the assumed land-uses remain as
anticipated?

o Will future uses of the site create new
exposure pathwgs?

* Will deed restrictions and other administrative

It is important to note thatgalators must T ,
controls remain in place in the long-term?

approve the use of certain decision rules, gs is
the case in the aboveample. Once

decision-makers agree on a decision rule, * How long will engineered barriers retain their
generaly the technical staff nyeexecute the structural inteyrity?

decision without subsequent approvals as .

long as all criteria have been met. The Post-Closure Conceptual Site Model,

discussed as a tool useful for implementing the
first principle, also mabe the basis for evaluating
remainirg uncertainties. To evaluate uncertainties




using this tool, a project manager should consider implemented. Responsibifitmust be assigned to

the following:

conduct the monitoring and to evaluate the results.
(The next section contains a discussion of the

« What are the uncertain factors associated with parties responsible for implementing stewardship

the baseline conditions (i.e., what potential
deviations from gpected conditions are likel
to occur)? Note that these uncertain factors
may be technical or administrative in nature.

« What is the likelihood that deviations from
expected conditions will occur?

* What are the potential impacts that these
deviations will have on protection of human
health and the environment?

* What timeframe would be necesgéw
respond to encountering an upected
condition?

activities)

The uncertaint matrix is a tool deghed to assist
project managers in assessing and managing post-
closure uncertainties.yBorganizing information
regarding uncertainties into a matrix, project
manayers mg facilitate a determination of what
type(s) of management strategies are appropriate.
Figure 4 provides anxample of an uncertaint
matrix.

Refer toUncertainty Management: Expediting
Cleanup Through Contingency Planning,
DOE/EH/(CERQ.A)- 002 (Februay 1997) and
Expediting Cleanup through Problem
Identification and DefinitionDOE/EH-413-9904

By considering these factors, the project manager (May 1999):°

can assess the significance of an uncestairte
most sgnificant uncertainties are those that have:

1. A high probabiliy of occurrence,
2. A highly undesirable impact, and
3. Minimal time to respond before an

unacceptablexposure to human or
environmental receptors occurs.

Project mangers mg determine that contgencgy
plans should be developed to manage significant
uncertainties (e.g., plan to provide local residents
with an alternate drinking water supyl
contaminants spread to the groundwater aquifer).
By gaining upfront agreement from site regulators
on contingeng plans, the project manager can act
without dely if an identified deviation from
expected conditions is encountered.

As noted above, project managersyrdavelop
contingencies as a means of managing
uncertaintiesln addition, a monitoringystem
must be devised to alert decision-makers when
these contigencies must be implemented.
Decision-makers should identithresholds that, if
crossed, signal that the continggmaeust be

-11-

Principle 4. Early and open canmunication

and involved decisionmaking by stakeholders

are essentialEarly and open communication and
involved decision-making are necessary for
addressing issues and reaching a state of closure.
Identifying the appropriate decision-makers and
building a post-closure core team are also
essential to ensuring protection of human health
and the environment in the long-term.

The last principle relates to the importance of
maintaining open and frequent communication,
both among decision-makers at a site and with
other stakeholders during and after closeout
occurs. All of the other principles are more
effectively implemented using involved decision-
making.

Under RCRA and CERICA, DOE advocates
formation of a core team. This team is responsible
for agreeing that a project is complete and that
protection of human health and the environment
has been obtained. The core team traditignall

1 These docments are available on the EH-d&bsite at
http://tis.eh.doe.gov/oepa/guidance/cerclafimine. pdfand
http://tis.eh.doe.gov/oepa/guidance/cercla/prob _id.pdf
respectivel.



http://tis.eh.doe.gov/oepa/guidance/cercla/7combine.pdf
http://tis.eh.doe.gov/oepa/guidance/cercla/prob_id.pdf

Figure 4. Example Uncertainty Matrix

Expected Reasonable Probability of Time to I mpact Monitoring Plan | Contingency
Condition Deviation Occurrence Respond Plan
Cap prevents Burrowing High. Operations | Short.If the 1. High. Site inspection If signs of
intrusion into animals or of other landfills | air exposure | Radioactive evely 3 months to| burrowing
surface soils and plant roots indicate that over | pathwa is contaminants mabe | ensure integntof | animals or
re-suspension / | will breach time this is a reestablished, | re-suspended on cap. root intrusion
volatilization of | cap intg@rity | common intrusion | transport of particles and dispersed are detected,
contaminants scenario. contaminants | from the site, posimm | Note: an additional
into the air could occur | an unacceptable risk toMaintenance foot of sall
quickly. human health and activities will cover will be
potentially posirg an | include plant placed on top
unacceptable risk to | removal from cap| of the cap.
ecological receptors. | area.
2.Low.
VOCs will likely no
longer present a
problem due to rapid
volatilization.
Humans will | Low. Additional Short.If the Same as abovén Site inspection Reevaluation
dig in the area| controls (i.e., land| air exposure | addition, intrusion intg will include of remeq
of the landfill, | use restrictions and pathwa is the soil would likey evaluation of will be
breaching a fence) are in reestablished, | result in dermal fence intgrity conducted if
integrity of the | place to prevent | transport of | contact with and humans
cap. human intrusion. | contaminants | radioactive implementation | breach the
could occur | contaminants, posing| of land use integrity of
quickly. an unacceptable risk tocontrols. the cap and
human health. land use
Note: controls are
Maintenance not
activities will functional.
include fence
repairs.




Figure 4. Example Uncertainty Matrix (Continued)

Expected Reasonable Probability of Time to I mpact Monitoring Contingency
Condition Deviation Occurrence Respond Plan Plan
Contaminants in| Contaminants do Low. Based on | Long. 1. High.If Wells at the ared If, after 3years,
the groundwater| not attenuate modelirg of site | Monitoring data | groundwater bounday will be | data do not
will naturally naturaly to conditions, will indicate if remediation sampled ever3 | indicate that
attenuate to levels below contaminant the current trend| goals cannot be | months to ensure contaminant
levels below MCLs within the | characteristics, |in contaminant | reached in the | that natural concentrations
MCLs within a | required and the general | reduction 20-year period, | attenuation is will be below
20-year timeframe. trend established changes. Based| unit regulators | reducing the MCLs in the
timeframe. by existing on these data, thewill require a concentration of | required
monitoring data, | site manger will | different contaminants in | timeframe, the
MCLs will be have advance | remediation the groundwater| remeq will be
attained within a| warning if end | approach, which re-evaluated.
20-year objectives will | would be quite
timeframe. not be met in 20| costl.

years.

2.Low. No risk
to human health
would result
from additional
contamination of
the groundwater
because land us
restrictions and
an alternate
drinking suppy
prevent

4]

ingestion.




consists of those parties with decision-making
authorily at a site. For CERQA and RCRA
corrective action sites, there are gengrtiliee
agencies with this decision-making power: DOE,
EPA, and the host state. Often, for RCRA
regulated units, ol the state as the permitgin
authority must certiff completion of closure.
Members of a core team idgalict as co-project
managers, evaluating technical data and
determining the best approach forward. Even
though regulators are members of the core team,
they still retain their enforcement/oversight role
throughout the process.

Refer toExpediting Cleanup through a Core
Team ApproacH)OE/EH-413-9911/0999
(September 1999).

As a site prepares for long-term care, the
traditional core team will finish its formal duties
and a new team should be formed to oversee
project closure and post-closure care. This team
will be responsible for making decisions about
long-term care and should include (at a
minimum):

1. The pary responsible for enforcement of
closeout activities.

2. The pary responsible for monitoring,
maintenance, and implementation of other
closeout activities, as well asyaneeded
contingenciesln some cases the individuals
responsible for implementation of these
closeout activities will also be responsible for
conducting long-term stewardship activities
at the site. However, if different parties will
be responsible for long-term stewardship
activities, it is beneficial to include these
individuals on the team as well.

3. Any local government or other appropriate
officials, if zoning restrictions or other land-
use restrictions are components of the
implemented remsd

This team will have decision-malkjrauthorit
for the site in thegrears following closeout. At a
minimum, the post-closure core team will:

» Determine if monitoring data indicate that
contingeng plans should be implemented;

+ Determine when additional remedial action is
complete if contigengy actions are
necessy,

» Evaluate how changes in land-use affect the
protectiveness of the remed

» Evaluate data from site inspections to
determine if egineered and administrative
controls are functioning propgrand what
actions are needed if thare not;

e Communicate with the communwpiary
charges in site conditions; and

» Determine when monitoring and maintenance
activities can be reduced.

Ideally, the post-closure team should be formed
prior to completion of closure activities. An
informal transfer of information between the
remediation-phase core team and the post-
closure team could be a valuable supplement to
the closeout documentation. Thypé of

exchange benefits those members responsible for
ensuring continued protection of human health
and the environment.

Questions of polig or questions requirgpolicy
decisions will not be dealt with in E&L3Information
Bulletins unless that poljchas alreaglbeen
established thraih appropriate doguentation.
Please refer gnquestions concernirthe sulpect
matter covered in thidnformation Bulletin to Jewr
Coalgate, RCRA/CERCLA
Division (EH413), (202) 586075.
To obtain a copy of this documen’$
please access the EH-41 website\.
(http://tis-nt.eh.doe.gov/oepa
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