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Post-Remedy Verification Ground Water 
Monitoring for RCRA Facilities, Remedial 
Response Sites and VAP Properties 

Technical and regulatory guidance for the implementation and evaluation of post-remedy 
ground water monitoring    

Purpose 

Post-remedy verification ground water monitoring is performed at RCRA facilities, Remedial Response 
(RR) sites, and VAP properties to demonstrate that ground water will continue to meet the clean-up 
standards in the future once a ground water remedy has been implemented and is no longer active. This 
guidance provides Ohio EPA’s recommendations for the design and implementation of post-remedy 
verification ground water monitoring activities. While applicable to evaluating ground water remedies 
performed at RCRA facilities, RR sites and VAP properties; this guidance does not replace or substitute 
any ground water rules for ground water monitoring or remediation including but not limited to those 
under Ohio Administrative Code (OAC) Rules 3745-54-90 through -54-101, OAC Rules 3745-65-90 
through -65-94 or OAC Rules 3745-300-07, -300-10 or 300-11, or requirements of findings and orders. 

Background 

Ground water monitoring is performed for a variety of reasons including site characterization, remedy 
implementation and evaluation, and post-remedy verification ground water monitoring. These three 
categories are described as follows: 

• Site characterization monitoring evaluates site hydrogeology, determines the concentrations of 
contaminants of concern (COCs), identifies the nature and extent of contamination, and provides 
information needed to select and design a ground water remedy. Site characterization data also 
may be helpful in evaluating a remedy after implementation. Site characterization data is 
collected during a RCRA Facility Investigation (RFI) or Corrective Measures Study (CMS) for RCRA 
facilities and during Remedial Investigations/Feasibility Studies (RI/FS) for RR sites. For the VAP, 
site characterization data is collected during the Phase II investigation. 

• Remedy implementation and evaluation ground water monitoring is intended to demonstrate 
compliance with the ground water clean-up criteria or applicable standards. During remediation, 
ground water monitoring is necessary to evaluate the remedy’s effectiveness. Monitoring 
continues until the remedy has achieved the clean-up standards at the compliance point.  
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Remedy implementation with ground water monitoring begins during the corrective measure 
design and implementation phase at RCRA facilities and is generally associated with an operation 
and maintenance (O&M) plan. At RR sites, remedy implementation with ground water 
monitoring begins during the subsequent remedy design and implementation phase and is 
generally associated with an O&M plan.   

Under the VAP, a remedy may be implemented with an O&M plan and ground water monitoring 
as part of a No Further Action (NFA) letter. Alternatively, prior to the NFA letter submission, the 
remedy may be implemented with ground water monitoring and post-remedy verification to 
meet applicable standards in an O&M plan. Finally, the remedy may be implemented prior to the 
NFA letter submission with post-remedy verification ground water monitoring without an O&M 
plan.  

Regardless of the regulatory program, additional remedy implementation may be necessary 
before post-remedy verification period can begin if the original remedy fails to achieve its 
objectives in the anticipated timeframe.  

• Post-remedy verification ground water monitoring establishes that the facility, site or property 
will continue to meet applicable ground water standards at the compliance point after a remedy 
has initially achieved those standards. This monitoring is designed to identify COC concentration 
rebound in ground water after a remedy has been terminated and to establish that long-term 
COC concentration trends will not exceed applicable standards in the future.  Post-remedy 
verification ground water monitoring is implemented through O&M plans for RCRA, RR and VAP 
sites, although with some VAP NFA letter submissions post-remedy verification ground water 
monitoring may already be completed.  With all regulatory programs, implementation of 
additional remedial activities may be necessary to achieve ground water standards, and in those 
cases, post-remedy verification ground water monitoring needs to be restarted after 
implementing the additional remedy. 

The procedure for post-remedy verification ground water monitoring is essentially the same regardless 
of the regulatory program it is implemented under (RCRA, RR or VAP).  However, these programs are 
organized differently with program-specific requirements and utilize program-specific terminology: 

• Voluntary Action Program:  If a remedy for ground water has been initiated, but applicable 
standards have not been met or verified at the time the covenant not to sue (CNS) is requested, 
then an O&M plan is needed. The O&M plan should specify the time frame for ground water 
cleanup.  After applicable standards have been achieved, post-remedy verification ground water 
monitoring should be initiated as recommended by this guidance. Generally, remedial activities 
must achieve applicable standards within five years inclusive of post-remedy verification ground 



Post-Remedy Verification Ground Water Monitoring May 2022, Revision 2 
 

 
Page 3 of 7 

 

water monitoring, or by an alternative time frame agreed to by the director in accordance with 
an O&M agreement.1 

• RCRA Corrective Action under OAC 3745-54-101 and RR Programs:  Frequently, remedies for 
ground water cleanup are designed and implemented as part of the corrective measures or 
remedial action implementation.  The remedy specifics and performance standards are detailed 
in the permit, decision document or findings and orders. An O&M plan is needed for post-
construction remedy implementation.  If ground water standards are achieved during the 
remedial phase, then the O&M plan may only contain post-remedy verification ground water 
monitoring.  Otherwise, the O&M plan will require monitoring for both applicable standards 
achievement and post-remedy verification. An evaluation of contaminant transport time to the 
compliance point and whether a continuing downward trend exists for all hazardous constituents 
in all wells may be required in conjunction with the ground water monitoring activities. 

Additional guidance for post-remedy verification ground water monitoring is provided by Recommended 
Approach for Evaluating Completion of Groundwater Restoration Remedial Actions at Groundwater 
Monitoring Wells (U.S. EPA 2014) and Guidance for Evaluating Completion of Groundwater Restoration 
Remedial Actions (U.S. EPA 2013). 

Post-Remedy Verification Ground Water Monitoring Guidance 

After a remedy has achieved applicable standards, post-remedy verification ground water monitoring is 
required to ensure that further implementation of remedial activities is unnecessary for the facility, 
property or site to remain in compliance with the applicable standards. Ohio EPA recommends that post 
remedy verification ground water monitoring be conducted as follows:  

• RR sites and VAP properties should perform monitoring for a minimum of eight consecutive 
ground water sampling events collected quarterly over a period of two years. When extended 
post-remedy monitoring is necessary, e.g., when implementing monitored natural attenuation 
(MNA), semi-annual sampling events may be acceptable (depending on Director’s Final Findings 
and Orders for RR sites).  

• Monitoring conducted under RCRA corrective action (OAC Rule 3745-54-100) for a permitted 
facility should be performed at least semi-annually for three years.  Specifically, if an 
owner/operator is in corrective action at the end of a designated compliance period, the 

 
 
1 See VAP Technical Guidance Compendium document titled “Post-Remedy Verification Ground Water 

Monitoring for VAP Projects” (VA30011.014.004) for more guidance on post-remedy verification ground water 
monitoring for VAP projects.  

https://epa.ohio.gov/static/Portals/30/vap/tgc/VA30011-14-004.pdf


Post-Remedy Verification Ground Water Monitoring May 2022, Revision 2 
 

 
Page 4 of 7 

 

compliance period will be extended until the ground water protection standard has not been 
exceeded for three consecutive years. However, once the corrective action is terminated, some 
level of ground water (compliance) monitoring must continue during the 30-year post-closure 
care period. To fully terminate post-closure care ground water monitoring, Ohio EPA 
recommends the collection of at least four consecutive quarters with all results below the GWPS 
to mitigate the effect of seasonal variations. 

• RCRA facilities completing corrective action under OAC Rule 3745-54-101 (Integrated Ground 
Water Monitoring Plans) should perform monitoring for a minimum of eight consecutive 
sampling events collected either quarterly for two years or semi-annually for four years to 
demonstrate long-term compliance with RCRA ground water protection standard (GWPS).  

• Post-remedy verification ground water monitoring should not start until all clean-up standards 
have been met at all compliance point wells and should start no sooner than one quarter after 
ground water results are at or below the applicable standard. 

• The direct or indirect influence of the remedy should be assessed prior to starting the 
recommended sampling events:  

o Example 1, Fluid Injection:  If fluids are injected to promote degradation of ground water 
COCs, the recommended sampling should not begin until proxy data (e.g., injectate 
concentrations, redox parameters, daughter product concentrations, etc.) demonstrate that 
the injected fluids are no longer affecting ground water quality.  If the owner/operator, 
responsible party, or volunteer is injecting a biological amendment (e.g., molasses) to 
promote reducing conditions in the saturated zone or aquifer, Ohio EPA recommends that 
pre-treatment background samples be collected for the following redox parameters: total 
organic carbon, dissolved oxygen, oxidation-reduction potential, nitrate/nitrite, manganese, 
iron and sulfate. These redox parameters should be used as proxies to demonstrate that the 
injected fluids are no longer affecting ground water quality as appropriate. 

o Example 2, Pump and Treat:  Post remedy verification ground water monitoring should not 
begin until pumping has stopped, and the ground water elevation levels, potentiometric 
surface, and ground water flow regime have returned to pre-pumping conditions. 

o Example 3, MNA:  Post remedy verification ground water monitoring should start after the 
property-specific evaluation and monitoring have met their performance objectives.  (Ohio 
EPA 2001; U.S. EPA 2011; and U.S. EPA 2009). 
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• Post remedy verification ground water monitoring should include COCs plus any daughter COCs 
and/or hazardous or nonhazardous byproduct created or mobilized directly or indirectly from the 
remedy. 

• Post remedy verification ground water monitoring for RCRA facilities is required to determine 
ground water flow every time a sampling event occurs. Sampling-event-specific flow maps are 
required as part of the annual ground water report for RCRA sites.  

Ohio EPA recommends that post-remedy verification ground water monitoring data be analyzed by 
comparison to the standard and statistical trend analysis as follows: 

• Step 1, Comparison to the Standard: Compare all post-remedy ground water sampling results to 
the applicable standard: 

o If the last eight consecutive results for each COC/well combination are below the applicable 
standard, compliance with the applicable standard (the GWPS for RCRA facilities) has been 
demonstrated. 

o If any sample result exceeds the standard2, compare the 95 percent upper confidence limit 
(UCL) on the mean (or median or upper percentile as appropriate) of the post-remedy sample 
results to the applicable standard. If the 95 percent UCL and the last (most recent) sample 
result do not exceed the applicable standard, then compliance with the applicable standard 
has been demonstrated. 

o If the 95 percent UCL exceeds the applicable standard OR the last (most recent) sample result 
exceeds the applicable standard, then compliance with the applicable standard has NOT been 
demonstrated. The remedy verification process should continue, or additional remedial 
actions may be required.  If trying to achieve applicable standards in the VAP during O&M, 
then the CNS may be subject to revocation if remedy verification has not occurred within the 
required two-year time frame.  

 
 

2 If a monitoring result exceeds its standard, then the facility, owner/operator or volunteer may resample the 
specific well(s) for the parameter(s) that exceeded the standard. Unless the original result and the resample result 
exceed the standard, the sample result will not be treated as an exceedance of the standard.  If the resample 
result does not exceed its standard, that resample result may be used for statistical analysis in place of the original 
sample result. The resample must be collected prior to the next scheduled sampling event so that it will provide 
an independent sample result.  [Federal Register (Vol 47, No. 143, page 32303) and OSWER Directive 
9481.1985(01b)]. 
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• Step 2, Statistical Trend Test: Once the remediation standards are met, statistical trend analysis 
techniques such as the Mann-Kendal test should be used to establish that COC concentrations 
are statistically decreasing or stable. The trend test may not be used in place of meeting the 
clean-up standards. The trend test should demonstrate that a statistically significant increasing 
trend does not exist for any COC/well combination in the post-remedy data. Refer to the 
Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities, Unified Guidance (U.S. 
EPA 2009) for guidance on trend testing and other statistical analyses. Ohio EPA recommends the 
following minimum requirements for applying a statistical trend analysis to post-remedy ground 
water data: 

o A minimum of eight consecutive, statistically independent, post-remedy sample results 
including the last (most recent) result (using the same data set as was used for comparison to 
standard). 

o A minimum sampling period of two years, except for permitted RCRA facilities monitored 
under corrective action [OAC Rule 3745-54-100(F)], which require a minimum sampling 
period of three years to terminate corrective action activities. 

o A Type I error rate (alpha) of no less than five percent on upper tail of the distribution. 

If a trend analysis conducted as recommended by Ohio EPA does not indicate a statistically significant 
increasing trend or shows a decreasing trend, then post-remedy verification has been achieved and 
ground water monitoring may cease. However, if a statistically significant increasing trend is detected in 
the trend test for any COC at any well, then compliance with the applicable standard has NOT been 
demonstrated. The remedy verification process should continue, or additional remedial actions may be 
required.  If trying to achieve applicable standards in the VAP during O&M, then an extension request 
and a revised O&M plan with or without additional remedy implementation will be required if remedy 
verification has not occurred within the required five-year time frame. 
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