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ABSTRACT  
 
Some coal combustion residual (CCR) disposal units regulated by the Federal CCR 
Rule will require groundwater remedies.  Groundwater pump and treat (P&T) technology 
is often considered to be a presumptive remedial technology by regulatory agencies 
and, while it can perform well as a hydraulic barrier to protect nearby receptors, it is 
usually very slow, costly, and inefficient in restoring groundwater quality.  More efficient 
and sustainable technologies such as in situ redox controls, permeable reactive 
barriers, and monitored natural attenuation (MNA) should be considered at sites with 
less potential for short-term exposure to receptors.   
 
The wide range of inorganic constituents in CCR leachate with differing mobility in 
various geochemical environments cannot currently be treated by a single in situ 
technology.  For units regulated by the CCR Rule, the point of compliance (POC) is at 
the edge of waste and provides no space for sequential in situ treatment barriers that 
could otherwise address this range of constituent mobility.  Therefore, in situ treatment 
approaches face a serious space constraint at these sites.  Although the CCR Rule is 
very prescriptive regarding the POC and the numerical water quality cleanup standards, 
it provides some flexibility regarding the time needed to achieve cleanup.  Furthermore, 
the time variable provides an avenue for incorporating risk assessment into the remedy 
selection process.  The planned introduction of a permit program and regulator under 
the Infrastructure Act should enhance the opportunity to justify less aggressive 
groundwater remedies. 
 
Mass flux and mass discharge metrics are now being used at groundwater remediation 
sites.  Several recent CERCLA remedies embrace these concepts as interim remedy 
performance metrics for source control measures and as metrics for the transition from 
more aggressive/active remedial systems to less aggressive/passive remedial 
technologies.  Interim mass-based performance metrics can help to take the short-term 
focus away from achieving drinking water standards. 
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INTRODUCTION 
 
Some coal combustion residual (CCR) disposal units regulated by the Federal CCR 
Rule1 will require groundwater remedies.  Groundwater pump and treat (P&T) 
technology is often considered to be a presumptive remedial technology2 and, while it 
can perform well as a hydraulic barrier to protect nearby receptors, it is usually very 
slow, costly, and inefficient in restoring groundwater quality3.  Therefore, more efficient 
and sustainable technologies such as in situ redox controls, permeable reactive 
barriers, and source control upgrades along with monitored natural attenuation 
(MNA)4,5,6 should be considered at sites with less potential for short-term exposure to 
receptors.   
 
ALTERNATIVES TO PUMP AND TREAT TECHNOLOGY 
 
The wide range of inorganic constituents in CCR leachate with differing mobility in 
various geochemical environments cannot currently be treated by a single in situ 
technology7.  For units regulated by the CCR Rule, the point of compliance (POC) is at 
the edge of waste and provides little or no space for sequential treatment barriers that 
could otherwise address this range of constituent mobility.  Therefore, in situ treatment 
approaches face a serious space constraint at these sites.  This situation might lead 
some stakeholders to conclude that a presumptive P&T remedy is needed because it 
will provide hydraulic containment at the POC regardless of a constituent’s geochemical 
mobility.  Furthermore, the owners of some disposal units might select a conservative 
P&T remedy as a business risk management decision because of the self-implementing 
nature of the CCR Rule that relies upon citizen’s suits to ensure compliance with the 
rule requirements.  Such a decision could waste available resources on a more costly 
remedy that provides little extra cleanup performance.  MNA should be evaluated along 
with source controls as a potentially viable groundwater remedy component.  The 
planned introduction of a permit program and a regulator under the Infrastructure Act8 
should enhance the opportunity to justify less aggressive groundwater remedies. 
 
GROUNDWATER REMEDY REQUIREMENTS UNDER THE CCR RULE 
 
The CCR Rule regulates CCR as a non-hazardous solid waste under the Resource 
Conservation and Recovery Act (RCRA).  The Groundwater Monitoring and Corrective 
Action requirements in the CCR Rule are derived from those previously promulgated for 
municipal solid waste (MSW) in 40 CFR Part 258.  However, the groundwater 
performance standards (GWPS) for cleanup concentrations and the POC under the 
CCR Rule are more stringent and more prescriptive than those for MSW.  40 CFR 
257.951 indicates that the GWPS for the CCR Rule must be the drinking water 
Maximum Contaminant Level (MCL) or background, whichever is greater, or if no MCL 
has been established, the background concentration.  The MSW regulations allow 
development of a risk-based GWPS.  40 CFR 257.981 establishes the POC for cleanup 
at the downgradient edge of the CCR unit whereas the MSW regulations allow the POC 
to be up to 150 meters downgradient from the edge of waste (but not off site). Although 



the CCR Rule is very prescriptive regarding the POC and the numerical GWPS, like the 
MSW regulations, it provides some flexibility regarding the time needed to achieve 
cleanup.   
 
40 CFR 257.961 presents the requirements for the Assessment of Corrective Measures 
(ACM) following confirmation of a release to groundwater, which is discussed in a 
companion paper9.  The ACM includes evaluation of several factors including, but not 
limited to, “...the time required to begin and complete the remedy.”  40 CFR 257.971 
presents the requirements for Remedy Selection under the CCR Rule.  Those 
requirements are divided into mandatory requirements and balancing considerations, 
some of which include evaluation of cleanup timeframes.  The mandatory requirements 
indicate that the selected remedy must: 
 

• Be protective of human health and the environment; 
 

• Attain the GWPS (i.e. cleanup concentration); 
 

• Control the source(s) of releases so as to reduce or eliminate, to the maximum 
extent feasible, further releases of constituents in Appendix IV into the 
environment; and 

 
• Comply with standards for management of wastes generated during remediation. 

 
EPA will soon clarify10 that a fifth mandatory requirement was not intended to apply to 
releases to groundwater.  None of these mandatory requirements explicitly mention 
expectations for remedial timeframes.  The balancing considerations that ‘should’ be 
considered during remedy selection include: 
 

• Long- and short-term effectiveness and protectiveness including, among other 
things, the degree of certainty for remedy success and the time until full 
protection is achieved; 

 
• Effectiveness of source control measures; 

 
• Ease or difficulty of implementation; and 

 
• Degree to which community concerns are addressed. 

 
Time is one of several factors to be weighed against each other in these balancing 
considerations but again specific expectations for cleanup timeframes are not 
mandated.  A proposed schedule for implementing and completing the remedy “…in a 
reasonable period of time…” must be included in the remedy selection document1.  
Reasonableness of the timeframe is based upon six factors: 
 

• Nature and extent of contamination; 
 



• Probability of actually achieving cleanup goals; 
 

• Availability of treatment/disposal capacity; 
 

• Potential risks to human health and the environment from exposure to 
contamination prior to remedy completion; 

 
• Resource value of the aquifer; and 

 
• “Other relevant factors.” 

 
The above factors clearly allow for flexibility in what constitutes a reasonable period of 
time on a case-by-case basis.  This concept has previously been addressed by USEPA 
in the preamble to the National Contingency Plan11 and in CERCLA remedy guidance12.  
Although the CCR Rule explicitly prohibits development of risk-based numerical 
groundwater cleanup goals, the above remedy selection criteria do not require the 
fastest alternative and therefore provide an avenue for incorporating risk assessment 
(specifically time-varying exposure) into the remedy selection process via cleanup time.   
 
MNA groundwater remedies for inorganics have been used at mining sites and 
estimated cleanup timeframes of 10 years to 40 years are most commonly proposed, 
though some extend for more than 100 years6.  Such timeframes could appear slow to 
third-party stakeholders that might initiate a citizen’s suit with the intent of achieving 
cleanup goals in a more aggressive timeframe.  Establishing an interim performance 
metric based upon mass flux/mass discharge metrics offers an approach to reduce the 
risk of such litigation and to gain acceptance of more efficient and less aggressive 
remedial measures. 
 
The reasonableness of remedial timeframe is discussed in the USEPA guidance12 that 
synthesizes the key elements of other USEPA documents for the purpose of providing 
consistent application of national policy.  The guidance states as follows: “…when 
contaminated groundwater is not currently used or an alternative water source is readily 
available, and there is no near-term future need for the resource, it will likely be 
appropriate to consider a longer time frame for achieving restoration cleanup levels.  
Where longer remediation time frames are appropriate, less aggressive remediation 
methods and/or more passive remediation approaches (such as source control 
combined with MNA) should be considered.”   
 
Further, the Preamble to the 1990 Final Rule revising the National Oil and Hazardous 
Substances Pollution Contingency Plan (the “NCP”)11 provides, in a discussion of the 
USEPA goal of returning groundwater to beneficial use within a timeframe that is 
reasonable, that “[r]easonable restoration time periods may range from very rapid (one 
to five years) to relatively extended (perhaps several decades).”   
 
Finally, the USEPA guidance document on presumptive groundwater remedies2 
provides that “[a]lthough restoration timeframe is an important consideration in 



evaluating whether restoration of ground water is technically impracticable, no single 
time period can be specified which would be considered excessively long for all site 
conditions.  For example, a restoration timeframe of 100 years may be reasonable for 
some sites and excessively long for others.”  Lastly, USEPA13 indicates that at some 
sites, a Technical Impracticability waiver may not be necessary “…if cleanup levels will 
be achieved in a reasonable time frame (i.e., less than 100 years).”  Clearly, multiple 
USEPA documents provide guidance on reasonable timeframes. 
 
MASS DISCHARGE CONCEPT 
 
The Interstate Technology and Regulatory Council (ITRC) published guidance on mass 
flux and mass discharge concepts in 201014.  Several recent CERCLA groundwater 
remedy changes embrace these concepts as interim remedy performance metrics for 
evaluating the effectiveness of source control measures and also as metrics to support 
the transition from more aggressive/active remedial systems to less aggressive/passive 
remedial operations15,16.   
 
Groundwater plumes typically arise from seepage through the bottom of the 
management unit.  If seepage is significant, a plume with constituent concentrations 
above GWPS may develop beneath the unit and extend downgradient beyond the POC.   
 
Two elements required to achieve cleanup goals are: 
 

• Controlling the source of the release to reduce the long-term loading of 
constituent mass to groundwater via seepage; and 

 
• Addressing seepage that has already occurred and migrated downgradient to 

distal portions of the aquifer. 
 
Mass discharge is an effective tool for evaluating both of these elements.  Figure 1 is a 
plan view of a conceptual CCR disposal unit showing a CCR constituent release to 
groundwater and the location of two nearby vertical transects used for calculating 
background mass discharge through the upper aquifer, and mass discharge 
downgradient of the disposal unit.  Note the location of the POC and the monitoring 
wells at the POC and the two transects. Figure 2 is a cross section through the unit 
along a groundwater flow path perpendicular to the vertical mass discharge transects 
through the upper aquifer.  Figure 2 shows the location where the mass flux through the 
bottom of the disposal unit toward the underlying aquifer is calculated.  Cases 1 through 
3, illustrated on Figure 2, show reductions in mass discharge through the bottom of the 
unit and associated improvements in groundwater quality in response to source control 
measures with varying degrees of aggressiveness.  Figure 3 is a cross section along 
the downgradient vertical transect B-B’ that is used to calculate the downgradient mass 
discharge.   
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Plan View 

Figure 2: Section View of Cases 1 Through 3 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The mass discharge (Md) of water and solutes through the bottom of the unit into the 
underlying aquifer as shown on Figure 2 is useful to evaluate the necessary 
performance of source control technologies so that less aggressive remedial measures 
in groundwater can be proposed over the long term.  It is calculated using the following 
formula: 
 

Md = C * A * v 
 
where 
 

• C is the concentration of a constituent in impoundment water or landfill leachate; 
 

• A is the bottom area of the disposal unit; and 
 

• v is the vertical seepage rate per unit area of the bottom of the disposal unit. 
 
 
The baseline pre-remedial mass discharge through the bottom of the disposal unit into 
the groundwater system is calculated using analyses of the impoundment water quality 
and model predictions of the seepage rate through the bottom of the impoundment.  
Projections of future mass discharge out the bottom of the unit are made based upon 
engineering evaluations of various source control remedial systems and associated 
model predictions of the reduction in seepage through the bottom of the unit.  Remedial 
systems could include retrofitting the unit with a new geosynthetic bottom liner, 
stabilization of the ash via various reagents, operational changes to dry ash 
management, ash dewatering systems, and closure cover systems. 
 
For multi-unit disposal systems, the mass flux through the bottom of each unit can be 
used to prioritize which units have the greatest effect on groundwater quality and hence 
should be prioritized for early source control measures. 

Figure 3: Cross Section at Transect B-B’ 



 
Mass discharge is also useful to evaluate the impact source control measures will have 
on future constituent concentrations in distal areas of the upper aquifer and to 
determine if more efficient in situ treatment technologies, MNA, and/or source 
control/monitoring remedies should be considered to achieve aquifer cleanup rather 
than P&T.  The mass discharge of a groundwater constituent through a downgradient 
vertical transect is calculated using the following formula: 
 

Md = k * i * A * C 
 
where 
 

• k is the hydraulic conductivity of a geologic unit; 
 

• i is the hydraulic gradient; 
 

• A is the cross-sectional plume area (i.e. the polygon on Figure 3); and 
 

• C is the concentration of the plume in the geologic unit based upon analyses of 
nearby monitoring wells. 

 
In some cases, the mass discharge through multiple stacked hydrostratigraphic units 
will need to be calculated and combined to account for varying geologic structure and 
physical properties.  It should be noted that the mass discharge approach allows some 
wells in less permeable zones, that clean up more slowly than permeable zones, to 
remain above the final cleanup standards if the overall mass discharge has been 
reduced by a targeted amount.  However, it should be noted that remedy completion will 
eventually require achievement of GWPS at all monitoring points downgradient of the 
POC as required by EPA guidance17. 
 
After the baseline mass discharge for pond seepage is calculated, standard hydrologic 
models can be used to predict the reduction in seepage, and mass loading to 
groundwater, arising from various source control alternatives.  These estimates of future 
mass loading to groundwater can be input to groundwater fate and transport models to 
estimate the resulting reduction of future constituent concentrations downgradient.  In 
this manner, the necessary level of source control can be identified to achieve the 
targeted mass discharge reduction in downgradient groundwater at B-B’. 
 
One potential target for mass discharge can be calculated by replacing the actual well 
concentrations with the GWPS, and some percent reduction toward the GWPS can be 
used as an interim performance metric for source control.  Another potential target is to 
reduce the flux out the bottom of the unit to no more than the background groundwater 
flux in groundwater beneath the unit from upgradient areas as measured by transect A-
A’ in Figure 1.   
 
 



MASS DISCHARGE EXAMPLE 
 
Table 1 presents the predicted baseline (Case 1) mass discharge of two constituents, 
lithium and selenium, across the downgradient vertical transect through the aquifer (B-
B’).   
 
 
 
 
 
 
 
 
 
USEPA has not established an MCL for lithium.  Therefore the GWPS for lithium is 
background under the CCR Rule.  Selenium has an MCL that is greater than 
background in this example and therefore the MCL is the GWPS under the CCR Rule.  
Table 1 shows that an estimated 68 percent and 86 percent reduction in the mass 
loading from pond seepage to the groundwater aquifer is needed to achieve a mass 
discharge equivalent to the respective GWPS for lithium and selenium, respectively, 
through B-B’.  This metric can then be used to evaluate which remedial technologies 
can achieve this reduction in mass discharge as well as the associated timeframes. 
 
Figure 2 shows the baseline scenario and two hypothetical source control scenarios.  
Case 2 has a closure cover but the ash has not been dewatered prior to closure.  Case 
3 is most aggressive of the three source control scenarios and includes both ash 
dewatering and a closure cover.  Hence, seepage continues for a longer period of time 
in Case 2 than Case 3.  Figures 4 and 5 show the resulting reduction in mass loading of 
lithium and selenium to groundwater from pond seepage.  Case 2 estimates a 74 
percent long-term reduction in mass loading to groundwater, while Case 3 estimates an 
83 percent long-term reduction.  Different results would be tabulated for different years.  
Assuming a targeted date for achieving interim mass discharge performance metrics is 
2030, then the mass discharge estimates summarized on Table 2 and Figures 4 and 5 
show that the more aggressive source control measures of Case 3 are necessary to 
achieve the remediation goals in the necessary timeframe.  If there are no nearby 
receptors, then it might be possible to justify a longer timeframe to achieve the desired 
reduction using the less costly Case 2 measures. 
 
 
 
 
 
 
 
 
 

Table 1: Baseline mass discharge of lithium and selenium across transect B-B’ for Case 1 

Table 2: Predicted mass discharge of lithium and selenium across transect B-B’ for Cases 1-3 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SUMMARY 
 
The October 2017 deadline for completing baseline groundwater monitoring under the 
CCR Rule will likely trigger Assessment Monitoring, followed by Corrective Measures, 
for a wide range of inorganic constituents at many older CCR units that are still 
operational.  The rule imposes stringent performance standards for groundwater 
remedies including achieving MCLs (or background) for constituents at the 
downgradient edge of the unit.  However, the rule is less prescriptive on the timeframe 
needed to achieve cleanup and this provides an opportunity for less aggressive and 
more efficient and sustainable groundwater remedies.  Mass flux and mass discharge 
are useful metrics for selecting a remedy with an appropriate aggressiveness based on 
potential risk to receptors.  Mass flux and mass discharge can provide alternative or 

Figure 4: Mass discharge (MD) of lithium to groundwater from pond seepage 
(Cases 1-3) compared to the total site background contribution 

Figure 5: Mass discharge (MD) of selenium to groundwater from pond seepage 
(Cases 1-3) compared to the total site background contribution 



interim remedy performance metrics in the short term that emphasize the benefits of 
source control measures and take the emphasis away from drinking water standards.  
These concepts can be helpful in supporting evaluation of alternatives to P&T 
technology including MNA, in situ treatment, and source control/monitoring. 
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