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I Introduction

+ INTERSTATE

e NAPL cC h al en g es mj‘q Technology Overview

DOIONHIZL

 Mass Discharge Use and Measurement of
Mass Flux and Mass Discharge
+ ITRC Overview mmp

e Remediation
1. Attainable Goals
e Back-diffusion

Mass Discharge (M,) = Sum of Mass Flux (J) Estimates

2. Timeframe eblnar May 14th
(www.clu-in.org)

i August 2010
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Presenter
Presentation Notes
See intro from SmartRemediation…

Key questions which I’ve encountered when remediating DNAPL sites:

1. How much reduction in source strength can we expect with natural or enhanced dissolution remedies?  We can use the answer to this question to define the remedial goal for the selected remedy.  We need to make sure that limitations on source strength reduction due to back-diffusion are considered when setting our remedial goals, to make sure they are realistic.

2. How long will it take to reach this source reduction goal?

Mass discharge gives us a new metric which can be used to answer both of these important questions, as I’ll show you in this presentation.




Mass Discharge (Md) = Source or Plume Strength

Capturi Zone Md =Q, x C, Extraction Well

Plume ]
Source /

Source Strength governs plume length and risk.
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Presenter
Presentation Notes
Now imagine that there’s a pumping well downgradient of the source zone, and the capture zone for that pumping well is fully capturing the plume coming out of the source zone.
Pumping wells are actually one of the best ways to measure mass discharge across the entire width of the capture zone.  
I often work on projects where a network of pumping wells has been constructed to contain a source zone or a downgradient plume – we can use data from this type of pumping system to calculate how the source or plume strength changes over time.
If this pumping well was a water supply well, then the risk to receptors is directly related to the source strength of the upgradient source zone.
If we wanted to reduce the risk to receptors, we would need to reduce the source strength by a corresponding amount.  
So using mass discharge, we can estimate how much source strength  is required to protect downgradient receptors.  
This is an important point we need to keep in mind when we are defining remedial goals for a site.  For example, if we have to reduce the risk to a downgradient receptor by at least 10x or 90%, then we need to make sure that we reduce the source strength by at least the same amount.



I Mass Discharge Trends

Source Strength
(kaly)

Time since release (y)

Fresh Source Characteristics

» Large NAPL thickness

» High ganglia to pool ratio
» High source strength

* Rapid reduction vs. time
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Presentation Notes
Before we start talking about source strength reduction, and the timeframe needed to achieve this target reduction, it’s important to discuss some of the key concepts that relate NAPL dissolution to declines in source strength.




Mass Discharge Trends
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Presentation Notes
Before we start talking about source strength reduction, and the timeframe needed to achieve this target reduction, it’s important to discuss some of the key concepts that relate NAPL dissolution to declines in source strength.




Mass Discharge Trends

Aged Source

’

Source Strength
(kaly)

Natural
Dissolution

Time since release (y)

Aged Source Characteristics

e (Occasional NAPL lenses

e * Low ganglia to pool ratio
» Lower source strength

e First-order or linear decline
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Presenter
Presentation Notes
Over time though, we observe at almost all DNAPL sites that the source strength goes down naturally over time.
Some studies have shown that the source strength at smaller PCE and TCE chlorinated solvent sites has a natural decline half-life of around 3 to 6 years.
The reason for this decline in source strength over time is shown in the figured on the left.  Remember that at first, there was a large thickness of the aquifer contaminated with NAPL, and over time the vertical thickness of NAPL in the source zone will decline as more and more of the NAPL dissolves away.
The perception is that NAPL stays around forever, but in fact we see in permeable sand aquifers that NAPL with a high solubility can actually dissolve pretty quickly.
At a lot of sites we see that the decline in source strength often has a first order decline rate, which means we can estimate a half-life for source strength.  If you have a site with long-term data downgradient of a source, I would encourage you to fgo back and check how conditions have changed over time – you might be surprised at what you find.


I Mass Discharge Trends

Aged Source
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Aged Source Characteristics

e (Occasional NAPL lenses

e * Low ganglia to pool ratio
» Lower source strength

e First-order or linear decline

NATURAL vs. ENHANCED dissolution — What is attainable?
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Presentation Notes
Over time though, we observe at almost all DNAPL sites that the source strength goes down naturally over time.
Some studies have shown that the source strength at smaller PCE and TCE chlorinated solvent sites has a natural decline half-life of around 3 to 6 years.
The reason for this decline in source strength over time is shown in the figured on the left.  Remember that at first, there was a large thickness of the aquifer contaminated with NAPL, and over time the vertical thickness of NAPL in the source zone will decline as more and more of the NAPL dissolves away.
The perception is that NAPL stays around forever, but in fact we see in permeable sand aquifers that NAPL with a high solubility can actually dissolve pretty quickly.
At a lot of sites we see that the decline in source strength often has a first order decline rate, which means we can estimate a half-life for source strength.  If you have a site with long-term data downgradient of a source, I would encourage you to fgo back and check how conditions have changed over time – you might be surprised at what you find.


Back-Diffusion Limits Md Reduction
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Back-Diffusion Limits Md Reduction
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Connecticut Site (Chapman & Parker, 2005)

Md = 30 kg/y from back-diffusion
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x Porewater Solutions stalled at 93% (15x)
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Attainable Mass Discharge Goals

e Stroo et al., 2012, ES&T:
—90% to 99% Md reduction
—Achieving MCL is rare

— Technology-based Md reduction (meta
study review)

e Option to model back-diffusion Md

* More reliable vs. concentration goals
(less uncertainty)
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How long to reach goals?

Modified from Anderson et al., 1992

Which characteristics
have the greatest
Influence on timeframe?

Groundwater

Flow \

C > 100 mg/L
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Presenter
Presentation Notes
Why need to predict
Why physical properties helpful for analysis and investigation



NAPL Depletion Model (NDM)

Hunt et al., 1988

Elevation Above Pool (m)

POOL
(Initial Length = 4 m, Solubility = 1100 mg/L)
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NAPL Depletion Model (NDM)

Surface Dissolution
(Mdsurf)
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"NAPL Depletion Model (NDM)

 Natural and enhanced dissolution
* MNA/ PRB, EISB, Strategic P&T

e Semi-analytical approach
e Hunt et al. (1988) solution — surface flux

 Declining length vs. time
e S, and flux vs. depth (pool)

e Changes in groundwater velocity
* Multi-component NAPL
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Presenter
Presentation Notes
Basic concepts and lessons learned so far


DNAPL Dissolution
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DNAPL Dissolution

DNAPL Pool POO l
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DNAPL Dissolution
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Influence of Through-Flux on Md
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Relative Remediation Timeframes

Mass Discharge (kg/y)
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Source Strength vs. Source Mass
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NDM Validation to Lab Studies

Brusseau et al., 1992 (Residual 1,2-DCA
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Contributing Zone Thickness (m)

Decline in Source Zone Thickness at
Downgradient End
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NDM Validation to Lab Studies

Ward et al., 2009 (EISB of PCE Pool
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NDM for Forensic Analysis of LNAPL Architecture

Schafer and Therrien, 1995 Field Stud
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 Md Is a remediation game-changer!

o Easier to define attainable goals
— Empirical evaluation, B-D models

 NAPL Depletion Model (NDM): Md vs t
— Understanding dissolution dynamics

— Timeframe (natural and enhanced diss.)
—NAPL architecture forensic analysis
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Thanks for Your Attention!

Contact to Receive NDM:

Grant Carey
Porewater Solutions

Telephone: 613-270-9458
Email: gcarey@porewater.com
Web: www.porewater.com
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Back-Diffusion Trends
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NDM Options

* Through-flux multiplier (O to 1)

 Through-flux interfacial area decline
—l.e. # streamtubes intercepting NAPL

— Constant, linear, or exponential model

* Dissolution only after depletion of
upgradient or overlying zone

e Enhanced dissolution factor
e Daughter product ratio
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RTF Correlation with Pool Properties
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Source Zone Transect with Streamtubes

No. Streamtubes
Intercepting
DNAPL

20

L
Md (kgly)
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Source Zone Transect with Streamtubes

No. Streamtubes
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Source Zone Transect with Streamtubes
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Source Zone Transect with Streamtubes

Early
Stage
@ Ganglia
@ Prool
Middle
Stage
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Mass Discharge as Interim Goal

Well 12A Superfund Site, Washington

STEP 1: Active source treatment until 90% reduction in source strength

EISB

@ Supply Well

STEP 2: After 90% reduction, transition to MNA in source zone

@ Supply Well
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