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Review presentation outline
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Use definitions to introduce ISCO Fundamentals: define AND describe each.  
Describe availability of TPM.
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Key points: Not only do we need the right chemistry for treating COCs, we need the 
right delivery approach for oxidant and site conditions.  When the right approach is 
used, an array of treatment goals can be achieved, when the treatment goals are 
APPROPRIATE for the site.
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However, sometimes ISCO doesn’t work – treatment goals aren’t met or rebound is 
observed post-treatment.
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Review most common reasons for poor performance and example of poor design. 
(It isn’t always the site’s fault when it fails)



RITS Fall 2010: Is ISCO Right for Your 
Site? 10

Review common mistakes in designing and applying ISCO systems that lead to 
failure
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These are the conditions under which ISCO performs best – this does NOT mean 
that ISCO isn’t applicable under other conditions… just that they are more 
challenging for ISCO (and most technologies)
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Transition to ISCO TPM.  
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Funded by ESTCP to improve predictability and success of ISCO and develop a 
standard of practice for the technology.
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Introduce building blocks of TPM briefly.  Introduce components of TPM.  Today’s 
discussion will highlight and integrate the protocol and FAQ.
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Building Block 1: Introduce approach of literature review (focus on > 600 refs)
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Introduce “demographics” of ISCO literature.
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Building Block 2: Introduce approach of case history review.  Introduce DISCO.  
Mention DISCO availability.
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Introduce “demographics” of case histories.
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Building Block 3: Introduce ISCO workshop.  Mention availability of proceedings 
document.  
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Remind audience of focus on protocol to lead into next slide.
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Introduce four components of the ISCO protocol.  Protocol follows traditional 
cleanup process.
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Transition to next slide.  Will first review frequently asked questions within the 
Screening component context, then will review the protocol and introduce example 
tools to see how key factors are considered when screening ISCO’s applicability to 
a site.



RITS Fall 2010: Is ISCO Right for Your 
Site? 23

Review points from ISCO fundamentals slides.  Emphasize the need for contact… 
the right oxidant using the right delivery approach for site contaminants and 
conditions.
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Review achievable goals, dependent factors, data in pie chart from database.  Pie = 
goals set for sites… values on right = % of sites meeting goal within each category.
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Reiterate from ISCO fundamentals… emphasize that these are the conditions 
where appropriate contact is most likely.
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Review most challenging conditions.  These do not preclude applying ISCO in these 
settings… just that expectations must be reasonable or other options may be more 
appropriate.
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Present DISCO evidence of value of pre- and post-ISCO treatment
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Review the array of options.  Presented oxidants earlier… here the focus is 
activation.  Different approaches work better at different sites and with different 
contaminants.
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Review the most common delivery approaches and statistics from DISCO of 
frequency of use (table).
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Summary slide (this is the trick… choosing the best option).  Focus on selecting the 
right oxidant for the contaminant and site geochemistry, the right delivery approach 
for the oxidant and geology, having appropriate goals, and having appropriate 
expectations for ISCO meeting goals.  



Summary of FAQ lessons learned… lead in to protocol.
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Introduce Screening component of protocol.  The initial part of the screening 
process is to collect the right data, then consider very basic site characteristics to 
consider viability of ISCO in general… then move to a higher level of screening 
looking in detail at site geology and geochemistry toward selecting an oxidant and 
delivery approach (or range of options thereof).  The protocol finishes with a review 
of data adequacy toward conceptual design.  Underlying each “process” (box) or 
“decision point” (diamond) there is guidance… text-based guidance, checklists, 
excel-based tools, etc.



The majority of data to collect is data typical of the RI process toward building a 
CSM with high certainty.  It is advised to collect soil and groundwater toward 
treatability evaluations now if ISCO is even a remote possibility to save costs 
associated with later mobilizations to meet data needs.
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The first level of initial screening is to evaluate if ISCO is a possibility for the 
contaminants at the site.  Green = yes and lots of data support, Yellow = 
contaminants are oxidizable but either slowly or with little data support; red = not 
amenable.  Important to consider co-contaminants or naturally present materials 
with “red” category characteristics as well.
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Next we move to the next level of screening, considering contaminant 
concentration/mass (upper/lower table portions), basic geology (left-hand column), 
and treatment goals (columns across top).  Using the same green, yellow, red 
designation… (transition to next slide)
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We can look at an example.  Focus on the fact that stringent goals with high 
contaminant mass density are very challenging to meet (for any technology, really).  
More complex geology is harder to treat.
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Another step in the screening process is to consider what has happened previously 
at the site and how they may impact ISCO viability.  The TPM contains a set of look-
up tables that capture advantages and disadvantages of other approaches 
occurring before ISCO.  For example, excavation can remove high contaminant 
mass density (beneficial), but we need to think about the materials used to backfill 
and how it may interact with oxidant.
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Next we move to a higher level of screening, where we consider in more detail site 
geology and geochemistry.  The goal is to narrow the oxidant and delivery options 
for the site based on these site characteristics.
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The TPM includes an excel-based tool to help with this.  The tool captures the key 
site considerations (review list).  The tool then refers to a series of look-up tables 
that help to select the oxidant, oxidant activation approach, and oxidant delivery 
approach.  (Review list of lookup tables)  In this way we narrow the options for the 
site and sort out those that are most viable.



RITS Fall 2010: Is ISCO Right for Your 
Site? 40

The output is a “scored” range of viable approaches for the site to being Conceptual 
Design process.  It is important to note that practitioner experience is valued in the 
process… if a preferred option is one of several viable options, then it is appropriate 
to move forward with that preferred approach.  There are other considerations, too, 
that lookup tables don’t capture… for example site disruption.
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Transition to Conceptual Design FAQs
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There are many site-specific and design factors that will influence the number and 
spacing of ISCO injection points.  We may start off having a low degree of certainty 
about some of these conditions.  Conceptual design occurs in two tiers – first a 
design estimate based on known or assumed values (or range thereof).  This may 
be done with several ISCO options (to compare oxidants or delivery methods, 
perhaps).  When we start to get close to an effective or cost-effective design, then 
we reduce uncertainty about these parameters and others through data collection 
(Tier 2).
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The probability of success with one injection alone is very low.  To treat sorbed or 
NAPL contaminant, the contaminant must first desorb or dissolve.  This re-
equilibration of contaminant mass in the more densely contaminated areas isn’t 
always predictable and is monitored real-time.  The observational approach (will 
review this in a moment) is a critical component of ISCO implementation.
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Review stats from DISCO.  Average current practice may not reflect the design 
factors associated with success.
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Briefly explain what bench and pilot studies are.
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The goal of treatability tests is to reduce the uncertainty associated with reaction 
chemistry.



Some additional related FAQs…
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The purpose of pilot tests is to reduce the uncertainty associated with oxidant 
deliverability
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Median costs from DISCO and factors that impact cost (statistically).  “Cost” is also 
resources and time (call out box)



RITS Fall 2010: Is ISCO Right for Your 
Site? 50

Note that costs shown are for DNAPL sites.

Costs are in ballpark of other technologies.  

NOTE: What is the cost associated with choosing the WRONG technology?
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Costs of oxidants and other amendments… but the costs aren’t necessarily 
comparable… a pound of one amendment does not do the same amount of work as 
a pound of another.  More appropriate to compare options at Feasibility Study stage 
AFTER sending the options through the conceptual design process.



Lessons learned… leading to the Conceptual design process
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Note: Tier 1 – you may have low certainty of input values, but a valuable process to 
compare options you leave ISCO Screening process with.  The most viable 
(technical/cost) option is carried to Tier 2 design, where data collection occurs 
toward reducing uncertainty (cost and effectiveness).
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Will be showing an example of Tier 1 design using a tool developed for 
permanganate delivery, focusing on the key factors that must be considered for a 
good conceptual design.



RITS Fall 2010: Is ISCO Right for Your 
Site? 55

The design tool estimates the oxidant’s radius of influence for a given set of input 
conditions (site and design characteristics).  This is what the input page of the tool 
looks like.  The input parameters that are most critical include: (1) rate and extent of 
natural oxidant demand, (2) injection concentration, duration, and rate, and (3) the 
outcomes desired, including the concentration desired at the ROI and the duration 
you want that concentration to last.  The tools runs quickly and efficiently to 
evaluate a range of these key parameters.  Next, you enter info about the size of 
the site and the tool estimates the total number of injection points needed to cover 
the site.  These values, along with a selection of how you will inject (well, direct 
push) are integrated with a cost estimation tool that captures capital, O&M, and 
post-closure costs associated with the particular design.
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The output includes concentration vs. distance from injection.  It shows these data 
for a range of time points based on model input.  From these data, the tool then 
estimates an ROI.  This is the desired concentration for the duration of interest.  In 
this example, we are looking for 50 mg/L for 5 days.  The ROI = 28 ft.  
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An example to see how a range of site and design characteristics for the site can be 
examined, as well as the influence of uncertainty of values on cost uncertainty.   
Review base conditions for the model run.  The values in RED will be varied in the 
next sets of runs.
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Top = output of base case (this is the output we saw in earlier slide).  For our 50 x 
75’ site, we need two wells at a cost of $68,500.  What if we are uncertain of NOD 
value?  Outcome if NOD is really higher (3 g/kg)… ROI = 18 ft, 6 wells needed, cost 
= $112K.  Is this acceptable cost and performance uncertainty?  NOD test costs 
around $5-$10K… worth it?
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Example injecting one day vs. 5 days… 
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Example with higher concentration… does it add value?  NO (costs more)
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Does lower concentration add value?  NO… need another well.  Costs more. 

IMPORTANT POINT: Outcome estimates are specific to base case values!!  
Changing variables will have an impact that is site-specific and design-specific.  
This depends on factors such as rate of delivery, rate of NOD, desired oxidant 
concentration, etc.
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Tier 1 can be used to hone in on an appropriate site-specific design.  Tier 2 focuses 
on reducing uncertainty associated with the “best” design.  Treatability or pilot tests 
may be conducted to capture issues associated with chemistry or delivery 
uncertainty.  More sophisticated modeling tools may be applied for more complex 
sites.  And costing is conducted with a higher level of detail.  After leaving Tier 2 
design, we are ready to compare ISCO to other technologies at the FS stage.
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Transition to FAQs associated with both of last two components: Detailed Design 
and Planning; Implementation and Performance Monitoring
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Review typical regulatory considerations
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Review common hazards.  Stress the importance of planning, preparing, and 
training for these hazards.
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Monitoring should allow for real-time decision making based on outcomes measured 
in the field.  
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The observational method calls for estimating a range probable conditions for the 
site and for delivery performance, along with contingency plans to adapt to actual 
measured conditions real-time in the field.  Field techniques that facilitate this 
include in situ sensors and direct push technologies… can really be worth the added 
cost!
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Rebound is NOT influx from upgradient.  It is to be expected as sites re-equilibrate 
from ISCO treatment.  It helps site contaminant moving into a more mobile and 
treatable phase.  It can help find specific source zones.  Used to plan subsequent 
injections.



Review key lessons learned and transition to protocol components.  Protocol 
components will be very briefly touched on.  These last two components are not 
necessarily unique to ISCO.
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Present diagram.  Focus in on stages… Preliminary Design, Final Design, Planning.
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Review key features of preliminary design.
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Review key features of final design and planning.
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Present diagram.  Review key features listed.
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Brief overview of COCs (amendable to oxidation but high concentrations and 
DNAPL), geology (seems reasonably amenable to ISCO), project goals (very large 
% reductions), and ISCO design.   ** Use language that mirrors screening 
language. **  Comment that relatively old case study.
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Considerable precipitation fouled up the works, with the ultimate result being that 
goals were not achieved and an additional source area technology was required.  
Additional work showed that NOD was very much higher than design team thought
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Project executed before importance of NOD really understood.  Non-target 
reactions were key to technology failure in this case.  Groundwater models that do 
not consider reactive transport or how ISCO may impact aquifer properties may not 
accurate predict ISCO results.  99.99% reductions in concentration to MCLs in 
DNAPL source zone are highly unlikely.  
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Both PCE and BTEX, so permanganate was not favorable, though other oxidants 
could have been used.  Fractured rock site.  Goal is 90% (one order magnitude) 
reduction in GW concentrations.  ** Again, use language from ISCO Screening 
section. **  Project implemented as pilot, used CHP and fairly robust design
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Some reductions observed in short term, followed by rebound.  Project goals not 
met in longer term.  
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Fractured rock poses challenges to ISCO, as it does to other technologies.  In 
particular, oxidant goes almost entirely to fractures while significant portion of COCs 
may be in rock matrix.  Mass reduction is difficult to assess because sampling 
media other than aqueous contents of fractures is very difficult.

Rebound occurred, as might be expected.  BUT, it occurred in only 1/3 of MWs.  
This has been observed at other fractured rock ISCO sites, and suggests that 
rebound data may help refine CSM.  
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Significant concentrations of TCE, and likely DNAPL.  Geology is permeable, which 
is good, but heterogeneous, which is challenging.  Goal is simply to evaluate ISCO 
as possible mass reduction technology.  Persulfate pilot implemented with design 
parameters shown below.  
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Performance monitoring indicated that COC reductions were modest and transient. 
Change in COC mass not reported. No soil sampling was performed. Among 
DISCO sites with both mass and aqueous phase concentration reductions reported, 
mass reductions generally greater than GW phase reductions.   
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Project highlights importance of collection of soil samples as performance 
verification technique, in particular when significant non-aqueous phases are 
present and targeted by ISCO.  

Project was likely under-designed (low oxidant dose delivered over very low 
percentage of pore space in DNAPL situation)
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COCs are modest concentrations of VC, with no indication of DNAPL presence.  
Geology is permeable, which is good, but heterogeneity may pose challenge.  Goal 
15 µg/L risk-based standard, requiring ~ 95% reduction (contrast with previous case 
study, where 4 orders magnitude needed while 1 to 2 required here).  Design was 
recirculation using robust dose and volume, informed by bench and pilot results
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90+% reduction in most highly impacted area, 70% overall.  Goal met across most 
of site.  Total cost fairly high, but unit costs quite low (contrast to median of 94 $/yd3 
form DISCO).
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Several non-technical, but important, factors impacted design, such as H&S and 
risk of obvious impact to adjacent water body.  Observational method used to refine 
design: improve result and likely lower cost.  Unit cost data demonstrate that unit 
costs get lower as treatment zones get larger.  
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