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California Water Boards

What is High Resolution 
Site Characterization 
(HRSC)?
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California Water Boards

USEPA Definition 
of HRSC

HRSC strategies and techniques use scale-
appropriate measurement and sample 
density to define contaminant distributions, 
and the physical context in which they 
reside, with greater certainty, supporting 
faster and more effective site cleanup.
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Types of HRSC
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DIRECT SENSING 
TOOLS

GEOPHYSICAL 
TOOLS

OLD-SCHOOL 
GEOLOGY
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Benefits of 
HRSC
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ÅHigh-density data

ÅMultiple lines of evidence

ÅTargeted sampling 

Higher Quality Data

ÅReduced uncertainty

ÅComplete conceptual site model (CSM)

ÅIncreased confidence in site characterization

Improved Decision-Making

ÅShorter assessment phase

ÅTargeted remediation

ÅShorter remediation timeframe

Faster Site Characterization & Cleanup

ÅLower assessment & remediation costs

ÅLower long-term monitoring costs

ÅLower oversight costs

Cost Savings
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Evaluating Low-Threat 
Closure Using HRSC
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What is Low-Threat 
Closure?

Utilizing multiple lines of 
evidence to determine that 
residual contamination does not 
pose a significant risk to human 
health, safety, or the 
environment.
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How HRSC Supports 
Low-Threat Closure

ÅComprehensive CSM development
ÅImproved source identification
ÅTargeted remediation
ÅIncreased confidence in decision-making
ÅInformed risk communication
ÅEfficient and effective use of funds
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How does HRSC Improve 
Risk Communication?

ÅIntuitive visualizations
ÅIncreased defensibility
ÅIncreased data confidence
ÅBuilds trust through 

transparency
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How does HRSC 
Decrease Costs?

ÅxĲƚƚШљŊƨĲƚƚШƽŸƖťњШ
ÅReduces site assessments
ÅShortens remediation time
ÅLess back-and-forth
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Case Studies
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Yogi Berra

LŦ ȅƻǳ ŘƻƴΩǘ ƪƴƻǿ ǿƘŜǊŜ ȅƻǳ ŀǊŜ ƎƻƛƴƎΣ ȅƻǳ ƳƛƎƘǘ ǿƛƴŘ ǳǇ 

someplace else.

Introduction



CƻǊƳŜǊ YWΩǎ ¸ŜŀǘŜǎ сс Dŀǎ 
Station - Site History
1996 closure samples above screening levels 

      Multiple soil & groundwater sampling events

2012 release was closed

204
Groundwater 
Samples44

Soil Samples

Soil type is clays
No active remediation

Groundwater ~ 7 feet



CƻǊƳŜǊ YWΩǎ ¸ŜŀǘŜǎ сс Dŀǎ 
Station ς Release Reopened
2020 Phase II found additional contamination

2021 Additional investigation 

     Possible other releases and source to the west

2022 Corrective Action Meeting

     Determined we ŘƛŘƴΩǘ have definition

49
Groundwater 
Samples9

Soil Samples

Soil type is clays
No active remediation

Groundwater ~ 7 feet



Risk Review

Additional Investigation

Å Past experience

Å May go on for years and cost

Å Was anything significant missed

Å Previously or now

Å Try another investigation approach

Start Cleanup?

Å Off-site contamination

Å Source not completely defined

Å Where is best location for a pilot test

Å Are we ready to do a pilot test

New Receptor

Å Northern field is now residential



Initial Challenges
Spend the time and money for complete delineation upfront

You will save money if you have a complete Site Conceptual Model before you begin 
cleanup

Significant loss of volatiles 
starts when soil is removed 
from subsurface

Highly variable results 
depending on sampling method 
and analysis

Soil Samples Soil Variability Problems

If soil samples are biased low then 
you could be missing 
contamination source locations

Cleanup options may not be 
effective or in correct locations



Different Investigation Approach

High Resolution Site Characterization (HRSC) was to be utilized

Develop a better site conceptual model of the contamination

Better site conceptual model of 
contamination

Understanding of release to 
determine reasonable 
corrective action approach(s)

Goals Risks

More expensive approach than 
traditional drilling

Consultants and regulators have 
less experience with this approach



HRSC

Large Number of Data Points

Used Membrane Interface Probe (MIP), 

Electrical Conductivity dipole (EC), Hydraulic 

Conductivity Dipole (HC) and Hydraulic 

Profiling Tool (HPT). 

Total of 18 Borings to 22 feet

MIP identifies compound families like gasoline 

in borings; HPT and EC are used to determine 

physical properties of the soil along with soil 

types.



HRSC Soil 
Information

Electrical Conductivity 

Dipole (EC)

Soil conductivity

Å Finer grained soils tend to 

produce higher EC

Å Silts or clays tend to be higher 

EC signals



Soil Type Electrical Conductivity (EC)



Soil Type Electrical Conductivity (EC)



Soil Type Electrical Conductivity (EC)



Soil Type Electrical Conductivity (EC)



Soil Type Electrical Conductivity (EC)



HRSC Injection 
Pressure

Hydraulic Pressure 

Transducer (HPT)

Å Were considering carbon 

injection for a pilot test

Å Injection port is above other 

sensors

Å Finer grained soils tend to 

produce higher HPT

Å Silts or clays tend to be higher 

HPT pressure

Å Generally EC values and HPT 

pressure should trend together



Injection Pressure Hydraulic Pressure Transducer (HPT)



Injection Pressure Hydraulic Pressure Transducer (HPT)



Injection Pressure Hydraulic Pressure Transducer (HPT)



Injection Pressure Hydraulic Pressure Transducer (HPT)



HRSC PID 
Readings

Photoionization Detector 

(PID)

Å Uses 10.6 eV lamp

Å Nondestructive

Å Ultraviolet radiation to ionize 

molecules

Å Readings are taken during the probe 

advancement

Å Less likely to experience loss of 

volatiles

Å More consistent results than 

sampling from a core



PID Readings Photoionization Detector (PID)



PID Readings Photoionization Detector (PID)



PID Readings Photoionization Detector (PID)



Combined 
Results

Å PID Readings and Groundwater Table Data

Å PID Readings with HPT and GW Table



PID Readings Combined with 
Groundwater Table

Significant contaminant below the groundwater table.



PID Readings Combined with 
HPT Pressure and GW Table

Significant contaminant below the groundwater table 

with higher injection pressure.



Conclusions

Å HRSC helped show the plume is not defined

Å Likely are two plumes

Å One under the dispenser

Å One on western property

Å Release location identified near MIP-07

Å Release location is often unknown

Å Significant contamination below the water 

table



Questions?

Contact Information:

 Email: mpecorelli@utah.gov

 Telephone: 385-391-8156

mailto:mpecorelli@utah.gov


HRSC: Driving Releases to Closure
Reducing Uncertainty and Delineating Pathways for a Low -Threat Closure

Mary KV White
Petroleum Storage Tank Fund & Remediation Manager

Colorado Division of Oil and Public Safety



Roadmap to Tier III No Further Action

Colorado CDLE OPS Regulatory Pathway (Section 5)

Regulatory Hook:  Per OPS Regulation 7-1, Tier III allows for closure when site -specific conditions demonstrate that residual mass poses no threa t to 

current or future receptors, even if RBSLs are exceeded at the source.

Site Characterization

Define horizontal and vertical 

extent of contamination using 

HRSC (LIF) to build a robust 

CSM.

Remediation to MEP

Demonstrate that LNAPL 

recovery is complete to the 

Maximum Extent Practicable 

(Transmissivity < 0.1 ft²/d).

Risk Evaluation

Use Tier III Modeling (e.g., BP 

RISC) for site-specific fate and 

transport to evaluate Points of 

Exposure (POE).

Stakeholder Notice

Provide public notification to 

impacted third parties or 

government agencies (e.g., City 

of Grand Junction).

Closure (NFA)

Submit Closure Request to OPS. 

Official No Further Action issued 

with residual contamination 

noted.



Case Study: Whitewater Materials

Property Overview

Location:  940 S. 10th St, Grand Junction, CO.

Concrete plant with a petroleum release discovered in 

1996 

Primary Contaminants

Gasoline (BTEX) in soil/groundwater

Residual LNAPL mass

26 years of active regulatory status



Remediation Ṿ Meeting Maximum Extent Practicable (MEP)

Period Key Remediation Activities Outcomes & Delineation

2000 ɀ 2008
AS/SVE system installed; multiple Enhanced Fluid Recovery (EFR) events 
conducted.

~744 gallons of LNAPL removed; system shut down due to low 
PID exhaust.

2009 ɀ 2014
1,348 yd³ soil excavation. AS/SVE focus on GP-08. Surfactant pilot test 
(Ivey-Sol 106).

3,022 lbs TVPH removed; pre -injection showed 0.01' LNAPL at 
GP-08.

2016 HRSC Kickoff:  Laser Induced Fluorescence (LIF) investigation.
LNAPL localized at 6ɀ10' bgs; water line corridor confirmed as 
safe.

2018 ɀ 2019 9 soil borings and off -site wells (WB-29 to WB-31). Transmissivity testing.
BTEX below RBSLs; Transmissivity < 0.01 ft²/d confirms recovery 
MEP.

2020 Final CAP Modification approved. Groundwater monitoring through 2021 supporting Tier III path.



26 Years of Active Remediation

AS/SVE System

Massive effort resulting in the 

removal of 3,022 lbs  of TVPH 

from the subsurface.

Source Removal

Excavation of 1,348 cubic 

yards  of impacted soil to 

mitigate the core release 

zone.

Remaining 
Challenge

Delineating the exact residual 

LNAPL mass to justify final 

low-threat closure criteria.



The HRSC Strategy for Closure

High Density

Using real -time sensors to 

collect vertical profiles at a 

scale traditional wells cannot 

match.

Precision

Identifying exactly where 

LNAPL residesɁhorizontally 

and vertically Ɂwithin the soil 

matrix.

Certainty

Clearly delineating receptors 

to justify low -threat risk -based 

closure criteria with high -

quality data.



HRSC: Laser Induced Fluorescence

Mapping LNAPL in Real -Time

A Laser Induced Fluorescence (LIF) investigation was 

conducted at the Whitewater facility.

Efficiency:  Instant data allowed for rapid delineation 

without lab wait time.



Precision: Delineating Plume Mass

Targeted Assessment:

HRSC identified localized "hot spots" near 
monitoring wells WB -20 and WB-23.

Smear Zone:

Confirmed contamination was limited to sand and 
gravel water -bearing zones at specific depths.

Weathered Status:

Data confirmed the LNAPL was mostly weathered 
diesel, significantly reducing migration potential.

6-10 Feet Depth ( bgs)



CSM: Mapping Exposure Pathways

Integrated HRSC Data
HRSC data was integrated into a robust Conceptual Site Model (CSM) to 
evaluate Point of Exposure (POE) threats.

Property Boundary

Impacted at Winters Avenue but not beyond property line.

Receptors

Colorado River (1,800' S) and off -site wells (>2,100' W) 
determined safe.

Utilities

Active lines at 4 -7' bgs were not threatened by BTEX above 
RBSLs.



Evidence: LNAPL Recoverability

OPS Guidance threshold for recoverability is 0.1 to 0.8 ft²/day . Values at Whitewater confirm recovery has been completed 

to the maximum extent practicable.

Monitoring Well Date Tested Transmissivity (ft²/day) Assessment

WB-20 Oct 2016 0.082 Below Threshold

WB-23 Oct 2016 0.045 Below Threshold

MW-02 Oct 2016 0.012 Below Threshold

Note: Low transmissivity data supports the decision to cease active mechanical recovery.



Modeling Plume Stability

BP RISC modeling confirmed no impact to off -site POC wells for 100 years.



The Tier III Low -Threat Path

MEP Removal
Shut-off after 

demonstrating no 

further system 

efficiency.

Risk
Analysis

Contamination 

restricted to Winters 

Ave right -of -way.

Risk Modeling
Confirmed stability for 

100+ year horizon.

Notification

City of Grand Junction 

notified of residual 

impact.



Closure Notification

Public Comment Period

A comprehensive Closure Summary  was prepared 
and provided to all identified off -site property owners.

Owners were granted a 30-day window  to review 
materials and provide formal comments on the 
proposed site closure.

This transparent process ensures community awareness and 
regulatory compliance during the final stages of the project.



Final Regulatory Closure
June 23, 2022:  Official No Further Action Issued.

HRSC turned a "stalled" 26 -year-old release into a closed 

project by replacing guesswork with data certainty.


