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Complex Case Study PJKS  
Site Description
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

 

Fuel Test/Development Facility 


 

(1957–Present) 


 

NPL Site and Order on Consent 
established State of Colorado as 
Lead Agency



 

Record of Decision Complete


 

Soils Closed


 

Three Ground Water Plumes


 

Two COCs, TCE and NDMA


 

Seven poorly-defined bedrock 
source areas 



 

Two types of bedrock, 


 

Fractured sandstone 


 

Fractured crystalline rock

Presenter
Presentation Notes
Site overview
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Complex Case Study PJKS 
Site Description
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Property Boundary

53 soil sites – all are closed
36 closed without restriction

12 closed with restriction
5 closed with restriction

plus limited cover 

Presenter
Presentation Notes
Orientation of AF Plant PJKS.  450 acres southwest of Denver CO.  Surrounded by 5000 acres of industrial property owned by Lockheed Martin Aerospace. 
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Complex Case Study PJKS 
Results of Investigations
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

 

3 groundwater plumes 
with associated bedrock 
source areas



 

2 COCs -TCE & NDMA


 

TCE plume boundaries 
are stable



 

Vapor Intrusion not 
significant 



 

NDMA plumes are stable 
& boundaries within TCE 
Plumes

Presenter
Presentation Notes
This figure is a composite map showing the maximum extent of the groundwater contamination in both the bedrock and alluvial aquifers. Blue plumes are bedrock plumes and green plumes are alluvial plumes. 7 source areas are located in bedrock aquifers and are the source for the alluvial plumes. Groundwater contamination is either TCE or a mix of TCE and NDMA. 



 D-4 Fuel Storage Area (TCE)

 Engineering Propulsion Laboratory (TCE)

 Systems and Components Area (TCE and NDMA)

 Central Support Storage Area (TCE and NDMA)

 D-1 Area (TCE and NDMA)

 Ordnance Testing Laboratory (TCE)

 T-8A Pumphouse (TCE)



Historical groundwater data indicate that while the contamination has crossed the property boundary, the contaminant concentrations have remained stable and that the plumes are not migrating. 



Interim Corrective Measures (ICM), to address TCE contamination, have been installed in all seven of the source areas. The ICMs consist of injecting sodium lactate/emulsified oil and bioaugmentation culture into vertical and horizontal wells. 



Data from the ICMs indicate that TCE is being degraded. Results from the D-1 Area show that on initial concentration of 12,000ppb of TCE has been degraded to less than 50ppb. 



In the summer of 2008, the ICMs were augmented with biobarrier installation in the alluvial groundwater at the crossover points. These barriers will accelerate the time required to achieve remedial goals. 
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Complex Case Study PJKS 
Conceptual Site Model
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

 

Diffuse bedrock source areas


 

100 to 135 Ft bgs 


 

Low porosity/low transmissivity, 


 

Bedrock/alluvium flux @ ≈

 

25 Ft bgs

Presenter
Presentation Notes
View of site topography showing sever slopes, legacy infrastructure at a former motor test stand and complexity of the site located in the foothill of the Rock Mountains.  Subsurface hydrogeology is complex. 
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Complex Case Study PJKS 
Remediation Risk Management1
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

 

Identifying Technical Challenges to Groundwater Restoration 


 

Contaminant-Related Challenges (TCE, NDMA)


 

Hydrogeologic Challenges 


 

Low porosity/low transmissivity & depth


 

Other Challenges 


 

Plume migration to adjacent property and “inordinate cost”


 

Evaluating the Likelihood of Technical Cleanup Challenges


 

Technology Performance Assessments, pilot-

 

or full-scale


 

Site data assessment 


 

Integration into the CSM


 

Evaluating the Adverse Impacts of Technical Cleanup Challenges


 

Noncompliance with regulations, remedies do not achieve ARARs 


 

Long-term property restrictions


 

Public perception


 

Litigation


 

Destabilize plume boundaries

Presenter
Presentation Notes
Interstate Technology and Regulatory Council, Technology Overview, Using Remediation Risk Management to Address Groundwater Cleanup Challenges at Complex Sites, January 2012

The restoration team addressed risk to the remediation effort using procedures the generally followed the reference ITRC risk management guidance.

Also refer to the EPA Groundwater Roadmap, recommended Process for Restoring Contaminated Groundwater at Superfund Sites, OSWER 9283.1-34 July 2011
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Complex Case Study PJKS 
Pilot Study Results
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PJKS Pilot Studies: 
TCE –

 

Enhanced Bioremediation 
12,000 µg/L to 25 µg/L @ D-1 site
NDMA –

 

no in-situ approach 


 

Reducing conditions –

 

did not work


 

Co-metabolism –

 

(TCE toxic to 
process) equivocal preliminary 
success with methane, butane, & 
propane

Ex-situ technology –

 

UV oxidation  is 
Standard


 

Expensive to operate 


 

Energy intensive

Tested ex-situ nickel hydrogen 
treatment -

 

technology not scalable

Presenter
Presentation Notes
Several pilot studies were conducted at the PJKS facility.  The bioremediation studs of TCE and NDMA was conducted as part to of the R/FS investigations .  Studies of the Nickel hydrogen ex-situ process and bench studies of NDMA degradation though co metabolism were ESTCP funded projects.  Additional studies of propane and methane enhance co metabolism studies funded by the AFCEE BAA program are currently being completed at the site.
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Complex Case Study PJKS 
Performance Model

Site data assessment: 

Presenter
Presentation Notes
Site data was evaluated to determine attenuation with distance (without degradation) on site to estimate target source concentration that would result in contaminat levels below regulatory level at the property boundary.  Degradation at the D-1 site pilot study were used to estimate degradation curves resulting from enhanced in=situ bioremediation.
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Complex Case Study PJKS 
Groundwater RAOs



 

The State of Colorado promulgated groundwater standards (e.g. 
CBSGs) are the basis of the media cleanup standards (MCSs) for 
individual COCs in PJKS groundwater



 

USAF, EPA, and CDPHE established Preliminary RAOs for 
groundwater at PJKS in Dec 2005 


 

RAOs may reduce exposure or reduce chemical 
concentrations 



 

Not always possible to remediate all groundwater to 
unrestricted exposure levels



 

Groundwater is not currently used on site 


 

The RAO to protect human health is intended to prevent future 
use until concentrations are reduced to the point use can be 
unrestricted and exposure unlimited 



 

Use will be restricted through the LUCs imposed by the 
Environmental Covenant 

Presenter
Presentation Notes
Groundwater monitoring will continue for the some time. The primary objectives of the monitoring are:

Continue to evaluate the overall distribution and trends of groundwater contamination at the whole site

Evaluate each interim action to determine in they are performing as designed.

Operation and maintenance of the groundwater interim remedies will continue until the remedial action objectives are met. Activities include:

Monitoring in situ conditions to make sure appropriate conditions are maintained

Inject additions carbon source if needed.



Several of the soil site remedies included capping soil contamination. These areas will require annual inspections and reporting.  In addition, there are fees associated with these sites.



The final groundwater remedy for PJKS still needs to be selected. The Interim Corrective Measures will likely be a major component of the final remedy for groundwater. The feasibility study will evaluate the groundwater remedies and make sure they are capable of meeting the Remedial Action Objectives. The final remedy will be selected and documented in the Record of Decision.
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Complex Case Study 
Groundwater RAOs (Cont.)
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RAOs for TCE:


 

Reduce TCE contamination at 
the transition points (where 
bedrock groundwater transitions 
into the alluvial system) 



 

Reduce TCE concentrations in 
bedrock source areas to levels 
that achieve CBSGs for 
groundwater beyond the PJKS 
point of compliance



 

Projected in approximately 10-20 
years considering uncertainty 
about response to in-situ 
treatment

Presenter
Presentation Notes
CSM showing source areas and crossover point where contaminated bedrock groundwater enters the alluvial system. 



I n t e g r i t y  - S e r v i c e  - E x c e l l e n c e
11

Complex Case Study 
Groundwater RAOs (Cont.)

RAOs for NDMA:


 

Protect human health by preventing contact with, and ingestion 
of, TCE or NDMA contaminated groundwater until unlimited 
use/unrestricted exposure levels are achieved.



 

Contain NDMA in the alluvium through the continued monitoring 
of the plume stability until the groundwater is remediated to 
beneficial use, except where a waiver is justified based on 
technical impracticability. 


 

No physical remedial system is required since the NDMA 
alluvium plume is stable.



 

Utilize a technical impracticability waiver for restoring NDMA 
within bedrock groundwater in a reasonable timeframe. 


 

Protectiveness in this zone will rely on Land Use Controls 
and monitoring.

Presenter
Presentation Notes
Groundwater monitoring will continue for the some time. The primary objectives of the monitoring are:

Continue to evaluate the overall distribution and trends of groundwater contamination at the whole site

Evaluate each remedial action to determine they are performing as designed.

Operation and maintenance of the groundwater interim remedies will continue until the remedial action objectives are met. Activities include:

Monitoring in situ conditions to make sure appropriate conditions are maintained

Inject additions carbon source if needed according to approved maintenance plan.



Five soil site remedies included capping soil contamination. These areas will require annual inspections and reporting.  In addition, there are fees associated with these sites.



The final groundwater remedy for PJKS. The Interim Corrective Measures will likely be a major component of the final remedy for groundwater. The feasibility study will evaluate the groundwater remedies and make sure they are capable of meeting the Remedial Action Objectives. The final remedy will be selected and documented in the Record of Decision.
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Complex Case Study PJKS  
Groundwater Selected Remedy

Remedial Action for TCE:


 

In-situ bioremediation with environmental covenant selected 
for TCE



 

TI waiver with environmental covenant selected for NDMA in 
contaminated bedrock groundwater



 

Operate and Maintain Interim Groundwater Remedial Actions


 

Remedial action performance monitoring 


 

Assess remedial action progress


 

Optimize

 

performance monitoring

Presenter
Presentation Notes
Groundwater monitoring will continue for the some time. The primary objectives of the monitoring are:

Continue to evaluate the overall distribution and trends of groundwater contamination at the whole site

Evaluate each interim action to determine in they are performing as designed.

Operation and maintenance of the groundwater remedies will continue until the remedial action objectives are met. Activities include:

Monitoring in situ conditions to make sure appropriate conditions are maintained

Inject additions carbon source if needed.



Several of the soil site remedies included capping soil contamination. These areas will require annual inspections and reporting.  In addition, there are fees associated with these sites.



The final groundwater remedy for PJKS documented in the Record of Decision selected in-situ bioremediation with environmental covenant selected for TCE and a TI waiver with environmental covenant selected for NDMA in contaminated bedrock groundwater.  The final remedy is a continuation of the Interim Corrective Measures for groundwater. The feasibility study determined bioremediation is capable of substantially reducing contaminant levels in bedrock and alluvial groundwater.  It is not clear that the technology can achieve the Remedial Action Objectives at CBSC target concentrations .
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Complex Case Study PJKS  
Groundwater Selected Remedy

Remedial Action Construction for TCE:


 

Interim remedies address seven bedrock TCE source areas in 
contaminated bedrock groundwater



 

Bioremediation –

 

carbon source, nutrients & bioaugmentation


 

Carbon source installed using vertical and horizontal wells 
and temporary injection points



 

Biobarrier installation at bedrock/alluvium transition



 

Operate and Maintain Interim Groundwater Actions


 

Remedial action performance monitoring 


 

Assess remedial action progress


 

Optimize

 

performance and monitoring


 

Industrial land use restriction in warranty deed at transfer


 

Negotiated landowner agreement to implement enforceable 
environmental covenant upon completion of ROD

Presenter
Presentation Notes
Groundwater monitoring will continue for the some time. The primary objectives of the monitoring are:

Continue to evaluate the overall distribution and trends of groundwater contamination at the whole site

Evaluate each interim action to determine in they are performing as designed.

Operation and maintenance of the groundwater interim remedies will continue until the remedial action objectives are met or asymptotic  levels are achieved.  Is Activities levels are above CBSGs, then rebound test will be accomplished to determine whether additional treatment optimization and treatment is warranted.  Procedures for two rebound test are described in the approved operation and maintenance work plan. Repeated treatment at low levels with limited response will not be continued



Monitoring in situ conditions to make sure appropriate conditions are maintained and Inject additions carbon source if needed.







I n t e g r i t y  - S e r v i c e  - E x c e l l e n c e
14

Complex Case Study PJKS 
Groundwater Remedy Construction

Remedial Action Construction for NDMA:


 

CDPHE approved a technical impracticability (TI) waiver for 
restoring NDMA within bedrock groundwater in a reasonable 
timeframe



 

Basis for TI waiver


 

Large volume of NDMA contaminated bedrock


 

Poor permeability of bedrock (i.e., pumpability) and inability to 
access contaminated groundwater 



 

Fractured bedrock with unpredictable flow characteristics and 
associated matrix back diffusion



 

Pumping with ex-situ treatment in PJKS bedrock groundwater is not 
technically or economically practical 



 

Contain NDMA in alluvium through monitoring of plume stability 


 

No physical remedial system required (the alluvial plume is stable)


 

Protectiveness in this zone will rely on Land Use Controls and 
monitoring.

Presenter
Presentation Notes
The final groundwater remedy for PJKS documented in the Record of Decision selected a TI waiver with environmental covenant for NDMA in contaminated bedrock groundwater.  The final remedy is a continuation of the Interim Corrective Measures for groundwater. The feasibility study determined in situ treatment is not capable of substantially reducing contaminant levels in bedrock and alluvial groundwater. The feasibility study also determined that pumping with ex-situ treatment in PJKS bedrock groundwater is not technically or economically practical.  Advances it technical capability to address NDMA will be periodically evaluated to determine if the basis for TI waver should be revised. 
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Complex Case Study PJKS 
Groundwater Remedy Construction
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Property Boundary

Adjacent Property 
– Environmental 

Covenant

Point of 
Compliance

Presenter
Presentation Notes
Figure shows location where biobarriers were installed at bedrock to alluvium transition points and relative proximity to the point of compliance for PJKS.
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Complex Case Study PJKS 
Groundwater Remedy Construction
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5

Presenter
Presentation Notes
This figure is a composite map showing the maximum extent of the groundwater contamination in both the bedrock and alluvial aquifers. Blue plumes are bedrock plumes and green plumes are alluvial plumes. 7 source areas are located in bedrock aquifers and are the source for the alluvial plumes. Groundwater contamination is either TCE or a mix of TCE and NDMA. 



 D-4 Fuel Storage Area (TCE)

 Engineering Propulsion Laboratory (TCE)

 Systems and Components Area (TCE and NDMA)

 Central Support Storage Area (TCE and NDMA)

 D-1 Area (TCE and NDMA)

 Ordnance Testing Laboratory (TCE)

 T-8A Pumphouse (TCE)





Historical groundwater data indicate that while the contamination has crossed the property boundary, the contaminant concentrations have remained stable and that the plumes are not migrating. 



Interim Corrective Measures (ICM), to address TCE contamination, have been installed in all seven of the source areas. The ICMs consist of injecting sodium lactate/emulsified oil and bioaugmentation culture into vertical and horizontal wells. 



Data from the ICMs indicate that TCE is being degraded. Results from the D-1 Area show that on initial concentration of 12,000ppb of TCE has been degraded to less than 50ppb. 



In the summer of 2008, the ICMs were augmented with biobarrier installation in the alluvial groundwater at the crossover points. These barriers will accelerate the time required to achieve remedial goals. 
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Complex Case Study PJKS 
Horizontal Well Locations

Presenter
Presentation Notes
Horizontal drilling to construct injection point for carbon source injection at source areas.  Horizontal drilling was used to accomplish injection points at approximately 40 to 50 feet BGS across a long section of bedrock.  That approach intersected more fractures and was less costly to achieve area coverage than using vertical wells.  Sodium lactate (and later, emulsified vegetable oil) were gravity fed into the bedrock at the rate the formation would adsorb the carbon source.
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Complex Case Study PJKS 
Adaptive Site Management



 

Implement Environmental Covenant to assure Protective Criterion


 

Alternative Point of Compliance


 

Implement Innovative Technology for in-situ remediation of 
ground water in plume 


 

AFCEE BAA Project (follow-on to ESTCP Project)


 

Nutrient Supplementation (Propane or methane) 


 

Employs Treatment Train Concept –

 

remediate TCE to reduce 
inhibition of NDMA bioremediation –

 

followed by nutrient 
supplement tailored to NDMA



 

Address Performance Objectives, Remediation Schedule and 
Contingency Planning



 

Evaluate post remediation TI waver for TCE @ asymptotic effect

Presenter
Presentation Notes
The briefing will include an update of the Interim Corrective Measures (ICM) that have been installed in the seven source areas and a description of the most recent enhancement, the installation of biobarriers.  In addition, future optimization plans for the ICM performance monitoring will be discussed.
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Complex Case Study PJKS 
Summary



 

USAF, Regulators and Property owner worked together

 

for 
sustainable remedies



 

CERCLA and RCRA Programs can work together


 

Remediation team agreed to:


 

Protect human health and the environment 


 

Do the best we can


 

Don’t spend unrealistic amounts of money


 

Made reasonable judgments as a team


 

Used simple assessments & appropriate tools 


 

Long-term focus


 

Implemented phased approaches
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Dr. Sam Brock AFCEE/TDV
Email: samuel.brock@brooks.af.mil

Brooks City-Base, San Antonio TX 78235-5112
(210) 536-7936; DSN 240-7936

Contact Information

Contact Information:

Dr. Sam Brock AFCEC/CZTE
Email: samuel.brock@us.af.mil
Lackland

 

AFB, S TX 78236-9853
(210) 395-8429; DSN 969-8429
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Questions?

Complex Remediation Case Study
Air Force Plant PJKS
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