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Introduction / Background
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Geochemical and Natural Attenuation Conditions – Area A (Cross Sectional – All Zones)

§ DO < 1 mg/L
§ ORP < 0 mV  “significantly reducing”
§ pH – 6 to 9 s.u.
§ Favorable for reductive dechlorination
§ Upward hydraulic gradient impedes 

downward migration of COCs until 
MW‐30 cluster

§ Downward vertical gradient 
dominates from MW‐30 to SW 
property boundary

§ DO > 1 mg/L
§ ORP > 0 mV “slightly oxidizing”
§ pH – 6 to 9 s.u.
§ Mostly unfavorable for reductive 

dechlorination
§ Former source area and mid‐plume COC 

impacts negligible
§ Downward vertical gradient dominates 

from MW‐30 to SW property boundary

§ Highest COC concentration in Bedrock 
proximal to MW‐30 cluster

§ Dissolved gases present (i.e., MEE)
§ Low to ND NO3 and SO4
§ Ferrous iron detected
§ TOC >10 mg/L
§ Increased chlorides compared to upgradient
§ Natural attenuation parameters supportive 

of “reducing conditions”
§ Corresponds to observed geochemical 

conditions
§ Favorable for reductive dechlorination

§ Dissolved gases low or not present (i.e., MEE)
§ Elevated NO3 and SO4 (mixed)
§ Ferrous iron not detected
§ TOC typically <10 mg/L
§ No pattern to chlorides concentrations
§ Natural attenuation parameters supportive of 

“marginal conditions”
§ Corresponds to observed geochemical 

conditions



Microbial Conditions – Area A (Cross Sectional – All Zones)

§ qPCR data indicated presence of 
DHC and functional reductase genes 
@ low populations

§ Additional microorganisms (DHBt, 
DHB, etc.) detected in reasonable 
population for partial reductive 
dechlorination

§ CSIA data indicate enrichment of 
PCE/TCE/c‐DCE @ MW‐30 and 
downgradient

§ Molar shift to TCE/c‐DCE from PCE
§ Enrichment suggestive of biotic 

processes
§ qPCR/CSIA data supportive of 

“mostly favorable conditions”; 
could potentially be enhanced

§ Corresponds to observed 
geochemical conditions

§ No qPCR or CSIA 
data available for 
Overburden Zone 

§ qPCR data indicated presence of DHC and functional 
reductase genes @ low populations

§ CSIA data indicate enrichment of PCE and TCE along 
property boundary

§ Molar shift to c‐DCE along property boundary 
§ Enrichment suggestive of biotic processes
§ qPCR/CSIA data supportive of “marginal conditions”, 

but could potentially be enhanced
§ Corresponds to observed geochemical conditions



Background
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Technology Overview



Technology Overview
The EnviroFlux Passive Flux Meter™ (PFM)
• Nylon mesh tube filled with a sorbent/tracer mixture

• Permeable sorbent retains dissolved contaminants

• Sorbent mixture is preloaded with specified amounts of resident tracers

• Activated carbon is used as the sorbent and a suite of different alcohols are used for the tracers

• After a period of exposure, PFM is removed 

• Sorbent is extracted to quantify the mass of all contaminants intercepted by the PFM and the 
residual masses of all resident tracers

• Contaminant mass used to calculate time-averaged contaminant flux; residual resident tracer mass 
used to calculate cumulative groundwater flux. 

• Variable depth deployment provides water/contaminant mass flux profiles from a single PFM 
deployment event



Technology Overview
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Project Summary



Project Summary
• Deployed PFMs in Areas A & B

• Targeted weathered bedrock and bedrock zones

• Twenty-two (22) PFMs deployed
• Area A – 13 PFMs
• Area B – 9 PFMs

• PFM sizes ranged from 2-in to 5-in, depending on the borehole/well size

• Well construction varied from cased well to open-hole completion

• PFMs allowed to soak for ~ 5 weeks prior to start of removal
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Results / Evaluation



Results -Flux Meter Data



Project Summary
Area A – PFM Locations



Project Summary
Area B – PFM Locations



Results – Areas A & B



Results – Area A

§ Darcy velocities from the 
PFMs agree well with 
observed fracture patterns 
(frequency and aperture) 
from the geophysical logging



Results – Area A



Results – Area A
§ Highest mass flux observed in and 

around MW‐30 cluster

§ Predominantly in the weathered 
bedrock and upper portion of the 
more competent bedrock

§ Mass flux decreases in the 
downgradient direction



Results – Area A
§ Highest parent product 

concentrations at MW‐7 cluster

§ Parent/degradation product 
observed at MW‐30 cluster

§ Supportive of ongoing attenuation 
mechanisms

§ Concentrations decrease 
significantly in downgradient 
direction

§ Further supports ongoing 
attenuation mechanisms



Results – Area A

qPCR Results
Presence of DHC and reductase genes but at low populations
Populations ↑ downgradient
Bioaugmentation should be considered
DHBt/DHG/DSB  Parents to c‐DCE at downgradient locations

CSIA Results
Enrichment of PCE/TCE and c‐DCE observed downgradient From MW‐30 to MW‐23 clusters
Slight enrichment of PCE/TCE in source area
Molar shift from PCE  c‐DCE/VC/Dissolved gases observed from upgradient to downgradient
Predominant from MW‐30 to MW‐23 cluster

PFM Results
Highest darcy velocities @MW‐30AR (~30‐50 ft‐bgs)
Highest COC mass flux @MW‐30 cluster
Highest mass discharge per unit width @MW‐30 cluster
Highest Total VOCS average conc. @MW‐30 cluster
Target zone extends from ~25-45 ft-bgs; darcy velocity decreases deeper/downgradient



Results – Area A

MECHANISMS (Overburden):
Physical
• dilution, dispersion, advection
Chemical
• Biotic ‐ limited
• Abiotic ‐ limited

MECHANISMS (Former Source):
Physical
• dilution, dispersion, advection
Chemical
• Biotic – limited upgradient; improving 

downgradient; potential for biostimulation 
and/or bioaugmentation

• Abiotic – potential given lack of degradation 
products with decreasing parent

MECHANISMS (Weathered Upper Bedrock):
Physical
• dilution, dispersion, lateral advection
Chemical
• Biotic – direct evidence of degradation; 

potential for biostimulation and/or 
bioaugmentation

• Abiotic – limited potential



Results – Area A

Potential Pilot Technologies
• Mass flux reduction
• Permeable Reactive Barrier

• Enhanced Bio Zone 
• Possibly  EVO/ZVI/Activated 

Carbon Zone

Potential Pilot Technologies
• Source / Mass Flux Reduction
• Abiotic

• Possible ZVI/Activated 
Carbon Zone

• ISCO – EBR Reactors
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Conclusions

Lessons Learned



Conclusions

§ PFM study was successfully implemented

§ Results yielded enhanced understanding of the complex flow zones in Areas A & B

§ Provided for further enhancement of Geochem CSM

§ Provided additional data for the development of a phased pilot study work plan
§ Phase 1 ‐ Area A
§ Phase 2 ‐ Area B

§ Flux measurements will provide a baseline for comparison against flux measurement that 
will be incorporated in the planned pilot studies



§ Size matters ….

§ 2‐in PFMs easy to handle, deploy and retrieve, even if multiple intervals are daisy‐chained

§ 5‐in PFMs cumbersome/difficult to handle, deploy and retrieve, especially when multiple intervals are 
daisy‐chained

§ Along the same lines, for larger diameter PFMs mechanical assistance in retrieval should 
be considered

§ Processing retrieved PFMs in the field is straightforward

§ Turnaround time from the vendor for the analyses was reasonable with results in hand in 
2‐3 weeks following retrieval

§ Results were used to enhanced CSM understanding and in the development of planned 
field‐scale pilot demonstrations

Lessons Learned
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