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Audience Demographics Poll Questions

1. Have you achieved a no further action/site closure using an in-situ 
injection technology?
a. Yes, as the primary remedy
b. Yes, as a secondary or polish remedy

2. How do you measure success of an in-situ remediation project? 
a. No further action attainment/site closure
b. Mass reduction
c. Removing pathways to sensitive receptors
d. Improving site conditions for beneficial re-use
e. Other
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Why in-situ 
remedies 
fail…

…and how to 
make them 
succeed.
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In-situ Project Stages and Panel Discussion
Assessment & Pre-

Design Investigations

Treatability, Bench, & 
Pilot Studies

Design & Amendment 
Selection

Implementation

Monitoring

• Best management practices

• Common pitfalls

• Setting expectations

• Costs

• Sustainability
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Assessment & Pre-Design Investigations



March 29, 31 and April 1, 2021

Case Study – 3D Visualization and HRSC a tool for Optimization 
of In-Situ Remediation
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Poll Questions

3. Have you completed a direct-sensing (High Resolution Site Characterization) prior to 
implementing an injection program?  

a. No
b. Yes - if so, which tools were used 

i. MIP
ii. MiHPT
iii. HPT
iv. Waterloo Profiler
v. CPT
vi. LIF/UVOST/OIP
vii. TarGOST
viii. Geophysics
ix. Other

4. Have you completed a direct-sensing program as part of a post remedy evaluation?
a. Yes
b. No
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The Problem:   How do we optimize Site 
Remediation and achieve Site Closure?

 Client wanted to evaluate current 
conditions – post remediation

 Recommended HRSC using MiHPT 
and development of 3D CSM :

 Use MiHPT to identify untreated 
mass

 Use MiHPT to evaluate mass vs 
geology

 Use MiHPT to evaluate past 
injection effectiveness

 Develop 3D CSM to evaluate 
chemical trends/mass and to 
visualize monitoring well data vs 
HRSC data

 Closure Strategy – Focused source 
treatment, institutional controls and 
MNA
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MiHPT 
Investigation

 Pushed 70 MiHPT Borings

 Evaluated conditions in vicinity of 
injection wells 

 Evaluated upgradient and cross-
gradient areas

 High vertical data density – 20 
readings per foot for each detector!

 Geologic, hydrogeologic and 
chemical data

 Easily evaluated in Geoprobe’s 
DiViewer and exported for analysis 
in 3D applications
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MiHPT Log 
Analysis – Cross 
Section

 Quick Cross Sections in DiViewer

 Can evaluate two detectors from 
multiple logs (not scaled 
horizontally)

DNAPL
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3-Dimensional Conceptual Site Models & Data 
Analysis

 Analyze spatial relationships as well 
as temporal relationships of 
analytical groundwater monitoring 
data

 For this site we calculated mass for  
5 injection areas, 16 analytes (4 
groups of analytes), two geologic 
units, & 8 sampling events (2012-
2019).  

 That’s 1,280 calculations!  
(We can do this today in 
minutes using python)
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Treatability, Bench, & Pilot Studies
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Treatability, Bench, & Pilot Studies

1996 EPA Environmental Response Training

Glenn Nicholas Iosue in Level A Suit (right)
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Poll Questions

6. What are your primary concerns when choosing/implementing an 
in-situ remediation (excluding cost)?
a. Technology selection
b. Feasibility of implementation (contact)
c. Managing expectations 
d. Confidence in the conceptual site model

7. Have you had a site where rebound has occurred following 
implementation of an in-site technology?
a. Yes
b. No
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Common Pitfalls and BMPs

Conceptual lifecycle costs with and without RDC / DVT
Source:  Modified from ITRC 2015

• Remedial Design Characterization
(RDC), or Design Verification Test 
(DVT)

• Geology

• Mass Flux

• High Resolution Characterization, 
cost ramifications

• Role of modeling in developing 
CSM and remedy
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Fundamentals of Contaminant Distribution
Mass Storage

• Relationship of fine and coarse grained units play large role in plume shape

Contaminant distribution is controlled by soil type positional relationships

• Vertical and lateral relationships between
low and high Kh zones are critical

• Remediation is site-specific

 based on site’s specific
aquifer characteristics

 often unique to the site Lower permeability zones
“parking lots”

Higher permeability zones 
“freeways”
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Design Verification Process – Why?
Site Assessments have different objectives than Design Verification, such as

• Nature and Extent, Plume Boundaries

• Liability and Risk, Sensitive Receptors

DVT improves remedial outcome by
increasing site resolution

• Focusing on identifying position of
contaminant mass and high flux zones

• Emphasis on identification of
principal impacted units

• Provides greater reagent-contaminant
contact for improved performance
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Design Verification Tools

• Continuous Soil Core Logging
continuous soil coring into saturated zone used to
look at bigger remedial picture and start to
map and target horizontal flow pathways

• Soil Contaminant Analysis

• Settling Tubes

• Clear Water Injection

• Passive Flux Meters
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Design Verification Test:
Clear Water Injection

Documents acceptance rates and volumes

• Vertical Target Treatment Zone (TTZ) intervals

Assists in application decisions

• Direct Push Injection 

• Top-down vs Bottom-up 

• Injection wells

• Screened Intervals

Data collected often differs greatly
from estimated Kh based volume



March 29, 31 and April 1, 2021

Design Verification Test:
Unknown Velocity?

Passive Flux Meters (PFMs) can answer this?

• Self Contained Permeable Unit –
designed for 2 or 4 inch wells

• Filled with Permeable Sorbent (Carbon)

• Accumulates contaminant 
based on flow and concentration

• Carbon pre-loaded with multiple tracers –
known sorption

• Loses tracer based on groundwater velocity
and flux convergence calculations
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Project Population

• 43 Sites

Project Design Approach

• 33% source areas

• 67% mid- to distal- plume

Design Verification Analysis

Contaminant Type

• 35% Petroleum

• 61% CVOCs

• 4% Comingled

General Soil Type

• 50% Fine grained (Clays and Silts)

• 50% Coarse grained (Sand and Gravel)
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Analysis of Technical Blind Spots

What’s the outcome?

~80% of tests to date found 
unanticipated results
(technical blind spots)

62% of preliminary designs
were modified / refined

Most design changes were
cost-neutral

18%

18%

21%

25%

46%

HIGHER CONTAMINANT CONCENTRATIONS

THICKER CONTAMINANT ZONE

UN-IDENTIFIED CONTAMINANT TRANSPORT  ZONE

LOWER INJECTION RATES/ROI

UN-IDENTIFIED HYDROGEOLOGICAL CONDITIONS

0% 10% 20% 30% 40% 50%
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DESIGN VERIFICATION
Design Changes

No Changes
38%

Few Changes
35%

Moderate 
Changes

8%

Significant 
Changes

8%

Injection Cancelled
11%

DVT Analysis of 43 Sites
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Lessons Learned: Design Verification Test

• Depositional Processes significantly control contaminant distribution

• Depositional processes are predictable and non-random

• Design Verification data provides additional remedial insight

• Design Verification Test improves

• Predictability 

• Implementation time and efficiency 

• Early identification of “Technical Blind Spots” and problems 

• Enhances final design and application program outcomes
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Panel Session A
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Implementation
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Hydraulic Fracturing to Deliver Amendments in Low-
Permeability Formations and Weathered Bedrock

Chapman Ross (cross@frx-inc.com)
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Poll Question

8. What types of injection delivery methods have you used on your 
remediation projects (select all that apply)?
a. Traditional injection wells

b. Horizontal injection wells

c. Direct-push injection

d. Hydraulic fracturing 

e. Pneumatic fracturing

f. Soil mixing

g. Slurry wall
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ITRC Injection Optimization Guidance Document

https://ois-isrp-1.itrcweb.org/



March 29, 31 and April 1, 2021

ITRC Guidance Document – Delivery Techniques

Table 3-4 
https://ois-isrp-1.itrcweb.org/

Match delivery 
method with 

geology
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Hydraulic Fracturing of Solid Amendment
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ITRC Guidance Document - Amendments

Table 3-2 
https://ois-isrp-1.itrcweb.org/

Match amendments 
with contaminants

AND 
delivery method
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Solid Amendment Options

ZVIKMnO4Sand

../../Photos & Videos/KMnO4-Kkp Slurry Videos.mp4
../../Photos & Videos/KMnO4-Kkp Slurry Videos.mp4
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Mass Loading and Cost

• Costs for treatment using hydraulic fracturing

• $50-150/CY for ZVI treatment of chlorinated solvents                             
(costs for range of treatment from diffuse plume to DNAPL source zone)

• Hydraulic fracturing is capable of delivering much higher mass 
loading than traditional injection methods.  

• ZVI mass loading of >3% (by dry weight soil) is readily achievable
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Horizontal 
Remediation Wells, 
Challenges and 
Benefits
MARK STRONG, JACOBS ENGINEERING
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Remediation 
Industry 

Experience 
with HDD
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Why Directional 
Drilling

• Plume Access

• Contact Efficiency

• Decreased Site Impact

• Cost (for large plumes, less 
infrastructure, I&C, conveyance 
lines, etc – simpler O&M)
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Recent Developments

• Blind end drilling in sands

• Gyro steering tools that do not require surface access

• Cased well installation techniques facilitate use of lower cost well materials

• Improved accuracy of navigation at depths exceeding 100 ft bgs
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Horizontal Pumping Well (Sch 80 PVC) 

- 1100 ft, 380 ft of screen

Groundwater conveyance line (HDPE) –

430 ft

Case Study –
Groundwater Plume 
Containment, Industrial 
Client, South Texas
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Cross Section
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• Model output 380 ft screen at 30-40 ft bgs, 12 gpm

• Particle tracks and water level contours

• Field data indicated capture zone stabilization in ~3 
weeks
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Pre-Cast Vault
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Diaphragm Pump Assembly
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Panel Session B
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Optimization
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Geology-Focused Approach to Optimize
In-Situ Groundwater Remediation

Rick Cramer, PG  Burns & McDonnell
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Poll Questions

8. Have you completed an Environmental Sequence Stratigraphy (ESS) 
or depositional based evaluation of geologic conditions as part of 
an in-situ design?
a. Yes

b. No
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Geologic Model

• Use “better science” to map contaminant transport, transition
and storage zones

• “Untangle” heterogeneity and establish accurate geologic framework 
with clearly defined Hydrostratigraphic Units (HSUs)

• Develop a framework and structure that brings focus and efficiency 
to site investigation and remediation

• Conceptual Structure AND Data Structure (Digital CSM)

Groundwater lives in and is controlled by the Geology
Dr. J.H. Birman GSi/water, 1996

Establishes a foundation for remediation success
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Geologic Model

► Hydraulic processes (primarily advection, 
but also dilution and dispersion)

• Geologic Model provides the permeability 
architecture to evaluate hydrogeologic properties.

► Matrix diffusion processes

• Permeability architecture (transport/storage zones) 
and distribution of organic carbon defined in the 
Geologic Model. 

► Adsorption/desorption

• Organic carbon distribution is defined by the 
Geologic Model and hydrogeologic setting and 
conditions.

► Biological degradation

• Geologic Model and aquifer hydraulics can inform 
geochemical conditions that affect prevalence (or 
viability) of requisite organisms, functional genes, 
electron donors/acceptors, nutrients etc.

► Abiotic degradation

• Geologic Model and aquifer hydraulics can inform 
geochemical conditions that affect prevalence (or 
viability) of requisite reactants, redox conditions, 
processes, etc.

► Environmental forensics

• Geologic Model defines the contaminant migration 
pathway, essential to all forensic analyses.

Direct relationship to subsurface processes
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Research regional geology to 

determine depositional environment, 

the foundation of the ESS evaluation.

1 Map and predict

the subsurface permeability 

architecture away from the data points.

3

The Environmental Sequence Stratigraphy (ESS) Process

Leverage existing lithology data:

vertical grain size patterns indicative of 

genetic relationships.

2
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The Geologic Model
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Focused Remediation
Source

Downgradient

Receptor 

Pathways

Mid-Plume 

Flux

Amendment

Injection 

Structure
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Panel Session C


