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“How Much, How Fast” 

Tn Advantages 

• Direct numeric measure of  

hydraulic recoverability 

• Varies directly with LNAPL 

saturation / mass 

• Normalizes all sites to a 

single measurement 

standard 

• Multiple measurements 

methods 

• Measurable prior to, 

during, and after 

remediation 



• LCSM Critical 

• Regulatory Acceptance 

• Threshold Values Evolving 

• Tn applies only to hydraulic 

removal of LNAPL to the 

extent practical 

• Tn does NOT address 

dissolved or vapor phase 

risk-based drivers 

• Tn measures recoverable, not 

residual or total LNAPL, and 

therefore measures progress 

towards soilres 



Application Direct Indirect 

Leading Metric (>0.8 ft2/d) – START hydraulic recovery X 

Progress Metric for Hydraulic Recovery – EVALUATE 

progress 
X 

Lagging Metric (<0.1 to 0.8 ft2/d) – STOP hydraulic 

recovery 
X 

Recovery Optimization Metric – OPTIMIZE recovery X 

DESIGN – Equipment Sizing (calculate recovery by 

technology) 
X 

CALIBRATE Multiphase Models (e.g., LDRM) X 

ASSESS RISK – Migration Potential X 





  STEP 

STEP 1 Conduct NAPL Assessment 

STEP 2 Identify NAPL Response Triggers 

STEP 3 
Determine NAPL Response Objectives and 

Endpoints 

STEP 4 Develop NAPL Management Strategy 

STEP 5 
Implement NAPL Management Strategy and 

Evaluate NAPL Response Effectiveness  





Endpoints 

(TRRP-32) 

Migrating NAPL 

Zone Trigger 

Recovery 

Only 
• Tn time-series analysis 

Control 

(via TI) 

• Model Calibration Parameter 

• Hydraulic Recoverability Metric 

Recovery • Tn time-series analysis 

NAPL Contact 

w/ GW Zone 

Trigger 

Recovery 

Only 

• Design Parameter 

• “Readily Recoverable” Metric 

Design 

• Technology Selection Based on Hydraulic Recoverability of 

LNAPL 

• Model Calibration Parameter to Generate LNAPL Production 

Curves 

• Equipment Sizing, Volumetric Waste Mgmt. Plans 

• Fixed Base / Mobile Infrastructure Cost-Benefit Analysis 

Performance 

Evaluation 

• Operational Performance Metric 

• Model Calibration Parameter 

• Hydraulic Recoverability Metric 



Potential for NAPL Recovery by

Conventional Technologies

1.  by SOIL TYPE

Clay - Silt Silt - Sand Sand - Gravel

0-1 +1

4.  by NAPL OCCURRENCE

(in saturated zone with

double porosity)

(in other saturated

zone)

(in coarse-grained capillary

fringe)

HIGHMEDIUMLOW

0-1 +1

3.  by NAPL VISCOSITY

(mixed-phase DNAPL

PCBs, coal tar)
(heavy refined

petroleum (e.g., no.

6 fuel oil)

(light refined petroleum

(e.g., gasoline)

HIGH MEDIUM LOW

0-1 +1

2.  by MAX TRUE NAPL THICKNESS

< 2 in 2 in  -  12 in > 12 in

0-1 +1

SCORE

TOTAL SCORE

TOTAL SCORE

+2   to  +4

-1   to   +1

-4   to   -2

Potential for NAPL Recovery

by Conventional Technology

HIGH: recovery likely

MODERATE: recovery possible

LOW: consider alternative tech



from STEP 3: Determine

NAPL Response

Objectives and Endpoints

Using TOOL A

(Table A.1)

Evaluate qualitative

potential for effective NAPL

recovery by conventional

recovery technologies

Is

potential for

NAPL recovery by

CONVENTIONAL

TECHNOLOGIES

LOW

?

YES

Use of ALTERNATIVE

TECHNOLOGIES

should be considered

for NAPL recovery

endpoint

CONVENTIONAL

TECHNOLOGIES may be

reasonable choice for

achieving NAPL recovery

endpoint

NO

to STEP 4: Develop

Integrated NAPL

Management Strategy

using appropriate level of

recovery technology

Decision Pt. for Change 

from Hydraulic Recovery 

Technology Based on Tn 



 Direct Measure of Hydraulic Recoverability 
• Hydraulic vs. Pneumatic vs. Alternative Technology Selection 

• Defines the design zone of effective hydraulic recovery 

 

 Modeled LNAPL Recovery Technologies 
• Calibrated to Readily Obtained Site Wide Tn Values 

• Technology-Specific Production Curves 

• Sustainability 

• Predicted Decline Curve Analysis for Rate and Total Volume Data 

• Relative Technology Performance Data – Technology Selection 

 

 Design Cost-Benefit Analysis 
• Projected Operational Lifetime 

• Capital vs. Mobile Infrastructure 

 

 Design Considerations 
• Technology specific equations with Tn as input 

• Equipment Sizing 

• Waste Mgmt / Recycling Volumes 



 Single or Multiple Well 
Recovery Data Analysis 
During System Operation to 
Monitor Tn Progress 

 Combine with EUR and Rate-
Transient Decline Curve 
Analysis to Evaluate Progress 
Towards Hydraulic Recovery 
Endpoint 





 Leading Threshold Metric 

• LNAPL Transmissivity Action Levels 

 

 Tn >3 ft2/d or High Risk:  Fixed Base Recovery System 

 1 ft2/d < Tn < 3 ft2/d:  Episodic Removal 

 Tn <1 ft2/d:   Evaluate / Monitor Stability 



 LNAPL within Facility Operations Area (FOA) 
• Migration Control 

• Progress Metric – Decline Curves for Active 
Recovery 

• Migration Risk Evaluation Metric Tn <0.8 ft2/d 

 

 LNAPL outside FOA 
• TRRP-32 

• Multiple Plume Management Zones (PMZ) 

• Leading Metric Tn >0.8 ft2/d 

• Readily Recoverable NAPL Metric 



 Jet Fuel – No Dissolved-phase PCLE 
 

 Native Clay – Fuel Occurs in Fuel Line Backfill 
 

 Current Use: 
• Leading / Lagging metric to start / stop hydraulic recovery 

(conservatively low 0.1 ft2/d) 

• Migration risk potential metric 

• Progress metric for active recovery 

 
 Proposed Use to Identify 

• Current / new releases 

 
 Since No PCLE, if No PMZ then No Recovery Required 

• TRRP-32 Quirk 
 



 Large Scale Hydraulic Recovery System 
 

 Progress Metric / Decline Curves of Annual Tn Values 
• Plume scale 

• Individual well scale 

 
 Optimization Metric 

• LNAPL transmissivity calculated annually from recovery 

• Focus hydraulic recovery where effective 

• Demonstrate control 

 
 “Truthing” Metric – Tn Maps Annually 

• Apparent NAPL thickness highly exaggerated – thickness maps 
misconstrue recoverability zones 

• LNAPL transmissivity accurately identifies recoverability zones 



 Mature Hydraulic Recovery and Control System 
• Interception line of recovery wells to remain operational 

immediately adjacent to surface water 

• NAPL and dissolved plumes stable so all other wells 
evaluated for shutdown using LNAPL transmissivity 

 

 SCOR™ Program Based on Tn 

• Combination of annual recovery based Tn and short term 
test Tn (baildown, manual skimming, ratio tests) 

• Flowchart implementation – annual test of each well for Tn 
versus 0.8 and 0.1 ft2/d thresholds 

• Each well must requalify each year to continue operation 

• Awaiting TCEQ approval 



 Class 1 Drinking Water Aquifer with LNAPL 
 

 Wells with 20+ feet of gauged LNAPL 
 

 LNAPL Transmissivity Use: 
• Eliminate OMG factor 

• HSGs and DGPs to identify mobile NAPL interval 

• Tn via baildown, manual skimming or ratio tests 

• Provide a true recoverability metric instead of 
exaggerated thickness metric 

• Focus characterization and recovery ($$$$) 

• Eliminate over-regulation due to OMG factor 



 Terminal Surrounded by Active Refineries 
 

 >$1,000,000 Historical Remediation Efforts 
 

 Used Tn to Identify Offsite Refinery Sources 
 

 Implemented CPT/ROST Confirmation 
 

 Created 3D Model to Demonstrate ALL NAPL 
ORIGINATED OFFSITE 
 

 Closure Requested – Agency Pursuing 3rd Parties 

TF exceeding 10.wmv
TF exceeding 10.wmv
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