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Overview of this Presentation

♦ Description of the site (CSM) and data results from 
additional investigations

♦ The remedial technologies & implementation of the 
remedy

♦ Groundwater monitoring program

♦ Evaluation of the groundwater data by the U.S. EPA’s 
Groundwater Statistics tool

♦ Results and recommendations
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Frontier Hard Chrome Superfund Site
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Conceptual Site Model
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Generalized Hydrogeological Model
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Data Results from the Additional Investigation Soil (mg/kg)

Cleanup Goal 
19 (mg/kg)
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Direct push survey 
sampling for Cr(VI) in 
groundwater & downhole 
electromagnetic borehole 
flowmeter testing results

Taken from Battelle, 
(1/2004) In Situ Redox 
Manipulation 
Permeable Reactive 
Barrier Emplacement: 
Final Report, Frontier 
Hard Chrome

Direct push survey 
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Data results from an 
additional direct push survey 
for total chromium for 
groundwater quality (µg/L)

Direct push survey 
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The Remedial Technologies

♦ In Situ Redox Manipulation Permeable Reactive Barrier

♦ Treatment of the source area soil & groundwater in situ 
using augers to mix a reducing agent “EcoBond”
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Schematic to 
illustrating the 
concept of the 
ISRM Wall

Taken from Battelle (1/2004), In 
Situ Redox Manipulation 
Permeable Reactive Barier
Emplacement: Final Report, 
Frontier Hard Chrome
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Injection 
and 
Monitoring 
Wells

Final Location of the Reactive Barrier
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Implementation of the ISRM Wall
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Treatment of the Source Area Soil & Groundwater In Situ 
Using Augers to Mix the Reducing Agent “EcoBond”

Two different auger size 
diameters, 10 and 6 feet 
with injection ports along 
the stem of the auger. 
Treatment depths 2.5 to 25 
feet BGS
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Treatment of the Source Area Soil & Groundwater In Situ 
Using Augers to Mix the Reducing Agent “EcoBond”
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Treatment of the Source Area Soil & Groundwater In Situ 
Using Augers to Mix the Reducing Agent “EcoBond”
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Confirmation Soil Sample Results 
Hexavalent Chromium (7 & 17 feet BGS)
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Confirmation Groundwater Sample Results 
Hexavalent Chromium (down to 30 feet BGS)
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Groundwater Monitoring Network 
and Monitoring Program

Thanks to:
Bernie Zavala
U.S. EPA, Region 10



Site Map and Monitoring Well Locations
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Groundwater Monitoring - A-Zone 
Total Chromium Concentration (µg/l) September 2007
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Groundwater Monitoring - B-Zone
Total Chromium Concentrations (µg/l) September 2007
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Implementation of the
Long Term Monitoring Optimization (LTMO )

♦ Monitoring And Remediation Optimization Software 
(MAROS) method was selected for the LTMO and the 
evaluation was performed in 2007

♦ Total of 33-monitoring wells were actively being 
monitored

» 16-wells in the A-zone

» 17-wells in the B-zone

♦ Sampling frequency was quarterly for the most part
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MAROS Uses Several Lines of Evidence 
to Develop Recommendations for the Monitoring Network

Lines of Evidences Method

Individual well trend Mann-Kendall (linear regression)

Plume wide trends Moment analysis: Total dissolved mass, center 

of mass, and distribution of mass

Well redundancy and sufficiency Delaunay triangulation and slope factor 

calculation, along with area ratios and 

concentration ratios

Sampling frequency Modified cost effective sampling

Data Sufficiency Sequential T-Test, Student’s T-Test and Power 

analysis

Qualitative Evaluation Hydrogeologic factors, monitoring objectives, 

stakeholder concerns and all statistical results 

to develop final recommendations
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Results of the LTMO

♦ Monitoring network was sufficient

♦ General decreasing trend in groundwater quality in all 
monitoring wells

♦ Some monitoring well redundancy

♦ Sampling frequency could be reduced from quarterly to 
semi-annually

♦ After 2007 the list of monitoring well locations for 
sampling changed from 33 to 22 
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The Statistical Evaluation of the Groundwater Data

♦ Recommended Approach for Evaluating Completion of 
Groundwater Restoration Remedial Actions, March 
2014

♦ Groundwater Statistical Tool and User’s Guide. January 
2014
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Remediation and Attainment Monitoring 
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♦ The evaluation will be performed on a Well by Well basis 
per COC

♦ Either a statistical approach or non-statistical approach can 
be used

♦ There are two different phases of evaluation groundwater 
monitoring  

» Remediation phase monitoring – typically is completed when the 
data collected and evaluated demonstrate that the groundwater 
has reached the cleanup levels

» Attainment phase monitoring – contaminant cleanup level has been 
met for each well and will be in the future



Example of Remediation & Attainment Monitoring
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Examples of Attainment Monitoring Non-Statistical 
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Groundwater Statistics Tool - Data input 
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Groundwater Statistics Tool 
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Groundwater Statistics Tool 
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Groundwater Statistics Tool 
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Groundwater Statistics Tool 
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Results and Recommendations

♦ No, this site has not attained the chromium cleanup 
level throughout the plume

♦ The 95% UCL is 64.3 ug/L cleanup level 50 ug/L

♦ Yes, the trend is decreasing or not statistically 
significant

♦ Recommendation: Continue sampling for two additional 
quarters and redo the evaluation
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Comparison of Case Study to the EPA’s Guidance for 
Evaluating of Groundwater Restoration

♦ Discussion of the evolving CSM

♦ Remedial Technologies and monitoring confirms the DQOs were meet

♦ Adequate groundwater monitoring program (LTMO) - Groundwater 
monitoring network was sufficient

♦ Statistical Evaluation of the groundwater data on a “well-by-well basis” for 
each COC

♦ Evaluated remediation monitoring and then attainment monitoring through a 
statistical tool

♦ Statistical analysis for each well determined that additional monitoring is 
needed to demonstrate completion of the restoration remedial action

♦ Once groundwater restoration has been met, it will be recommended to 
pursue site deletion.
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Questions?
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Disclaimer

♦ Information presented in this presentation represents the views 
of the author(s)/presenter(s) and has not received formal U.S. 
EPA peer review.

♦ This information does not necessarily reflect the views of U.S. 
EPA, and no official endorsement should be inferred. 

♦ The information is not intended, nor can it be relied upon, to 
create any rights enforceable by any party in litigation with the 
United States or any other party.

♦ Use or mention of trade names does not constitute an 
endorsement or recommendation for use.
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