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Two Options for Audio: 

1. Use your computerôs speakers 

2. Call in by phone using the call-in 

number and access code in the Audio 

section of the control box. 

Questions: Use the ñsend questionò option 

in the chat panel to ask questions 

throughout the presentation. 

Ask for help! Use the questions box to let 

us know if you have technical difficulties. 

You can also raise your hand for help. 

All participants are muted by default. 
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TODAYôS SPEAKERS

Tom Fox, Environmental Protection 
Specialist | Colorado Division of Oil & Public 
Safety

Bill Brasher, Water Resource Control 
Engineer | California State Water Resources 
Control Board
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TRAINING OVERVIEW

Å Background/References

Å Overview of LNAPL CSM

Å Remedy Selection

Å Performance Metrics and Milestones

Å Tips for Common LNAPL Technologies, including

1. Multi-Phase Extraction

2. Air Sparging and Soil Vapor Extraction

3. Injection Technologies

4. Natural Source Zone Depletion
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Framing the Discussion

ÅUnderground Storage Tank (UST) Releases

ÅFuel Hydrocarbons                                             
(i.e., LNAPLs)
üGasoline, specifically

ÅGroundwater impacts

ÅOxygenates may or                                          
may not be present

For todayôsdiscussion, weôllfocus on the

following parameters:
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References and Resources

ÅLNAPL Site Management: LCSM Evolution, 
Decision Process, and Remedial Technologies 
(ITRC 2018)

ÅRemediation Management of Complex Sites            
(ITRC 2017)

ÅHow to Evaluate Alternative Cleanup Technologies 
for Underground Storage Tank Sites: A Guide for 
Corrective Action Plan Reviewers (USEPA 2017 
update)

ÅOthers, as noted
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ÅMany states prohibit regulatory agencies from specifying means 

and methods that a responsible party may use to achieve 

compliance with cleanup requirements

Å Most do NOT prohibit ñsuggestingò methods, nor keep the agency from 

requesting the RP provide adequate basis for their proposal

ÅCaseworkers should exercise their right to disapprove a 

remediation proposal if they donôt believe it will be effective, 

believe another remedy is more appropriate, or simply donôt 

have enough information to determine efficacy of the proposed 

remedy.

Å Guide the RPôs representative to gather sufficient basis for remedy being 

proposed.

Å Remediation proposals may not meet the objectives, but the designer 

should have enough data to predict the reasonable success of a 

remediation plan. 

Regulatory Over-Reach?
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Conceptual Site Model
ÅIn California, one of the general criteria for 

closure under the Low-Threat UST Case 

Closure Policy is an adequate Conceptual 

Site Model

ÅñA conceptual site model that assesses the 
nature, extent, and mobility of the release 
has been developedò

ÅThe word ñadequateò is not used in the 
Policy

ÅUsed here to underscore the CSM doesnôt 
necessarily need to be complete to make a 
remediation decision

ÅFor remediation decision-making, strike a 
balance between over-investigating and 
jumping the gun on remediation

ÅNeed an intermediate point at which 
investigation may continue, but enough 
data is available to make an informed 
decision on remediation

California State Water Resources Control Board (2012). ñLow-Threat Underground  Storage Tank Case Closure Policyò.

TPH Risk Evaluation at Petroleum-Contaminated Sites (ITRC, 2018)
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CSM Terms

ñConceptual Site Modelò (CSM): All information known about a site. 

Site conceptual model (SCM) is another term meaning the same thing.

ñLNAPL Conceptual Site Modelò (LCSM): All information known about 

LNAPL at a site.

ñRemediation Conceptual Site Modelò (RCSM): All information relevant 

to remediation at a site.

Note: A CSM includes the LCSM and RCSM. So, use of the term 

LCSM or RCSM  is not necessary as long as LNAPL and remediation 

information are included in the CSM.  For the purposes of this seminar, 

LCSM and RCSM will be considered the same. LCSM will be used 

going forward.
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ÅContamination from UST releases has four 
phases

1. LNAPL (aka free product)

2. Dissolved (Groundwater)

3. Adsorbed (Soil)

4. Vapor (Soil Gas)

ÅHowever, from a risk management standpoint, 
LNAPL removal is typically all the active 
remediation necessary 

ÅRecognize the biodegradable nature of 
petroleum hydrocarbons
ÅResidual contamination will not migrate or expand 

and will continue to degrade naturally

Why an LCSM?
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LNAPL Characteristics

LNAPL is problematic at petroleum sites because:

Å LNAPL represents the vast majority of the mass of contamination in the 

subsurface

Å LNAPL presents a risk for vapor intrusion into buildings

Å LNAPL contacting groundwater 

maximizes dissolved concentrations 

(e.g., effective solubility at LNAPL-

water interface)

Å LNAPL may sustain groundwater 

plume for extended periods 

regardless of groundwater 

remediation efforts
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ÅUnderstand the nature, extent, and mobility of the 
contaminants that have been released

ÅIdentify all receptors and understand the potential risk 
to each (pathways of exposure)

ÅDefine remediation goals and objectives based on 
local regulations

ÅMost important to remediation:  Define the extent of 
the LNAPL body laterally and vertically.  This is 
essential to the success of any remediation.

ÅInterim remediation should only be deployed prior to 
achieving these goals where there is known threat to 
a receptor.

Goals of LCSM
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Adaptive Site Management

Remediation Management of Complex 

Sites (ITRC, November 2017)
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21 Technology ñToolsò

1. Excavation

2. Skimming

3. Vacuum enhanced skimming 

(LNAPL & vapor)

4. Total liquid extraction (LNAPL 

& water)

5. Multi-phase extraction 

(LNAPL, water, & vapor)

6. Water/hot water flooding

7. Surfactant-enhanced 

subsurface remediation

8. Cosolvent flushing

9. Steam injection

10. Electrical resistance heating  

11. Air sparging/soil vapor 

extraction (AS/SVE)

12. In-situ chemical oxidation

13. Natural source zone depletion 

(NSZD)

14. Physical or hydraulic 

containment

15. In-situ soil mixing (stabilization)

16. Thermal conduction heating

17. In-situ smoldering 

18. Biosparging/bioventing 

19. Enhanced anaerobic 

biodegradation 

20. Activated carbon

21. Phytotechnology 

LNAPL Site Management: LCSM Evolution, Decision Process, and Remedial Technologies

(ITRC, March 2018) 14



LNAPL Remedial Technology Groups

ÁMass Control - Contain LNAPL at a defined boundary

ÁMass Recovery - Remove LNAPL mass to limit migration

ÁPhase Change - Abate unacceptable COCs

Technologies (i.e. processes) 

sometimes overlap groups. 

MCMR

PC

LNAPL Site Management: LCSM Evolution, Decision Process, and Remedial Technologies

(ITRC, March 2018)
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Processes

Mass Control / 

Recovery
Phase Change
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PHYSICAL
Excavation

Skimming

Total Liquid Extraction

Physical or Hydraulic Containment 

In Situ Soil Mixing

Water flood

BIOLOGICAL
Phytotechnology

NSZD / MNA

CHEMICAL
ISCO

Smoldering

SESR

Cosolvent Flushing

Electric Heat

Thermal Heat

Steam Injection

Enhanced 

Anaerobic 

Degradation

Remedial
Process 
Overlap

MPE

AS / SVE

Vacuum-

Enhanced 

Skimming

Biosparge/Biovent

Activated Carbon
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Technically Achievable
Examples Include:

1. LNAPL Recoverability

2. Volatilization
ÅAS
ÅSVE

3. Injection
ÅISCO
ÅCarbon

4. Biodegradation
ÅBiovent / Biosparge
ÅNSZD/MNA

Remedial Mechanism Technically Achievable / Limit

LNAPL Transmissivity 
(0.1 to 0.8 ft2/day)

Vapor Pressure 10-100X less than 
gasoline

Soil texture limits delivery of 
oxidant/other media

Rate of degradation wonôt achieve 
goal in timeframe
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ÅPLANNING to use multiple remedial 
technologies in sequence to achieve closure

ÅSequence remedial technologies based on 
contaminant concerns and remedial objectives 

ÅConsider starting with a primary technology 
(excavation?) tailored for higher contaminant mass

ÅContinue with a 2nd treatment technology (ISCO?) 
and possibly a tertiary polishing step (CBI?) to 
address remaining contaminant mass and to 
eliminate contaminant concerns

ñTreatment Trainò
(Consecutive Remedies)
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Treatment Trains

Good

uWhen planned with SMART objectives, metrics for 

transition, and endpoints

uOrderly implementation

Bad

uUnplanned, lack SMART objectives, metrics for 

transition, and endpoints

uñThrowingò more technologies at the problem
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SMART?

ÅSpecific - Targeted treatment area and technology-specific endpoints are 
clearly stated

ÅMeasurable ïPerformance metrics that demonstrate progress towards 
the endpoint

ÅAgreed Upon ïConcerns, goals, objectives, treatment areas, metrics, 
endpoints

ÅRealistic ïDemonstrated ability to achieve objective

ÅTime-Based ïTarget date of remedial endpoint being achieved

Achieving a remedial endpoint does not necessarily mean that all 
contaminant concerns have been eliminated 
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Concurrent Remedies

ÅUsing multiple technologies on a site at the 
same time, in different target zones due to 
differing contaminant concentrations

ÅUse primary technologies in the source area 
(e.g. excavation).

ÅUse secondary or tertiary technologies on 
periphery of contaminated area, and in deeper 
zones.

ÅStill rely on SMART performance metrics to 
measure remedial progress
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Example: Treatment Areas

Creek ---Ą
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Performance Metrics

Measurable characteristics that track the 
progress of a selected technology to 
achieve a remedial objective and abate a 
contaminant concern

ASK: What conditions do you expect to change 

as you remediate the site? And how quickly?
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ÅTechnology-specific!

ÅTrack progress toward endpoint

ÅVerify that remedy is being implemented 
effectively

ÅAllow for mid-course corrections 

ÅAllow for CSM updates

Performance Metrics
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Performance Metrics Examples

ÅAS/SVE - Air emission samples to evaluate 
contaminant recovery; DO in groundwater

ÅSVE - Interim or final soil confirmation samples

ÅISCO - Data to evaluate distribution of an in-situ 
application (e.g. pH, ORP, DO)

ÅMNA ïOrganic/ inorganic/ biological samples

27



Where To Collect Performance Measurements

Key Point: A common mistake is measuring concentrations 

(collecting samples) on one side of the blower and flow on 

the opposite side of the blower

Å Vapor conditions are vastly different on the vacuum 

(upstream) side of the blower versus the pressurized 

(downstream) side.

Å Monitoring remediation systems that extract mass in the 

vapor phase requires the conversion of vapor flow rates 

from the field-measured ñactual cubic feet per minuteò 

(ACFM) to ñstandard cubic feet per minuteò (SCFM).

Å Performance monitoring data (e.g., pressure, flow rate,  

temperature, etc.) should be measured at as close to 

the same location as possible to support accurate 

calculations.
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SVE Sampling/Measurement Location
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Converting Vapor Flow Rate ACFM to SCFM

SCFM = ACFM (PA/PSÅ TS/TA )

ÅPA = Absolute pressure = PS + Pgauge

ÅPS = Standard pressure 

ÅTA = Absolute temperature (oR) = TA (oF) + 460

ÅTS = Standard temperature

In the absolute scales required by the ideal gas law, standard atmospheric pressure is 

14.7 psi and standard temperature is 528 degrees Rankine, which equals 68 degrees 

Fahrenheit. Using these values, we obtain:

SCFM = ACFM (PA/14.7 psi) (528ęR/TA)

ACFM = SCFM (14.7 psi/PA) (TA/528ęR)

Pgauge is positive on pressurized side of blower and negative on vacuum side of blower 

(see next slide)

Accounting for Humidity:  Because air is not actually an ideal gas, a more accurate 

relationship between ACFM and SCFM takes into account moisture content of the air.  

However, relative humidity has a minimal affect on the calculation compared to 

temperature and pressure and is often neglected.  Example: a 70% relative humidity 

results in a 3% change in SCFM.

Note: Barometric pressure correction is also necessary for elevations > 3,000 feet above 

sea level (i.e., PS would have to be adjusted for actual barometric conditions.
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Gauge Pressure vs. Absolute Pressure

Gauge pressure and gauge vacuum are typically displayed relative to 

atmospheric pressure (e.g., 0 psig = 1 atmosphere = 14.6959 psi).

Positive pressure systems (psi): Pabs =  Patm + Pgauge pressure

Negative pressure systems (inches Hg): Pabs =  Patm - Pgauge vacuum
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Remedial Milestones
(Interim Objectives)

Anticipated points throughout remediation 

implementation to evaluate progress towards 

remedial endpoint (for a performance metric).

START

STOP
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Remedial Milestone Examples

ÅLNAPL reduction = 10% of volume estimate per 
quarter/month

ÅEmissions decrease 30% per quarter/month

ÅDissolved phase concentrations remediated to 
25%, 50%, 75% of endpoint (with timeframe)

Remember!

Declines are exponential, not linear
(90% of the result takes 10% of the time?)
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Endpoints

ÅAlso technology-specific!

ÅDefined as:

1. LNAPL concern has been
addressed, or

2. Practicable limit of the technology reached

ÅIf technology reaches its practicable limit 
before LNAPL concern is abated, then the 
endpoint marks the transition to the next 
technology in the treatment train
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