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Site Characterization and
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monitoring well
= miniature
water supply
well

Figure 21. Formal for an “as-built™ monitoring well diagram.
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Site Characterization and
Monitoering i the Last Millennitm

EGURNEEERRRCVERVASIITRIISHIC CONCERIUANIGHEIS
of stlgglirizice coplellilefls

| ow-resolution site characterization and
MEHILCHINENECHNBIBEIES

SImplistic (& erreneeus) 2-Dr depictions of
contaminant plumes




Data we have historically collected
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How we typically “analyze” the data




Site Characterization and
Menitering| in: Last Millennium

EGURNEEERRRCVERVASIITRIISHIC CONCERIUANIGHEIS
of stlgglirizice coplellilefls

| ow-resolution site characterization and
MEHILCHINENECHNBIBEIES

Sierlollsile, 2-B) cgalaiions gi eogltelfleit oltifes
One-size-fits-all' assessments
Checklist approach| te site Investigations

EGCUS on lydraulic preperties, not naural filow,
(gradients) & geochemistry.




Pump & Treat Remediation
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\What we now know about subsurface
contamination that we didn’t know
S0 years ago™

TFhe distriputien eff disselved contaminants in the
subsuriace is;spatially: and temporally vamrakie:

INAPLS

Hydrodynamic mixing Is;usually limited in
directions transverse: to) flow

Aduifers arer contaminated, net Just greuncdwater

Biochemical reactions: are Important, but are
spatally and temperally: vamialnie

* knowledge from high-resolution field research
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1988 Controlled Release of Dissolved MTBE &
Methanol, CFB Borden, Ontario, Canada

University of Waterloo

Jim Barker, Principal Investigator




Hubbard et al., 1994




Multi-levell Piezometer Network
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Cross Sections
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Transects across plumes
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Mass and Flux Distributions from
DNAPL Zones in Sandy Aquifers

by Martin A, Guilbeault’2, Bath L. Parker'?, and John A. Cherry!

Abstract

At thres indusirial sites in Ontario, Xew Hampshire and Florida, fetrachlorgethylens (PCE) and wichloresthyl-
ang (TCE), raleazed decades ago as dense nooaguaous phase lgquids (D2APLsS), now form persistent solgoe zones
for dizsolved comtaminant plumes. Thase zones are suspended below the watar table and zbove the botoms of thedir
respective, maderately homogeneous, unoonfimed sandy aguifers. Exceptionally defailed, depih-discrete, sround
water smnpling was performed vsing & direct-push sampler along cross sections of the dissolved-phase plunes, inune-
diately downgradient of these DX APL source zones. The total plume PCE or TCE mass-discharze through each copss
seciion ranged between 15 and 31 kziyvear. Vertical sroumd water sample spacing as small as 15 cm and lateral spac-
ing rypically berween 1 and 3 m revealed small zones whers maximon concenmations were between 1% and §1% of
sofubility. These local maxima are suoronnded by mowech lower concenmation zones. A spacmg no larger than 15 o 30
om was neaded at some locations fo ideniif
nvach as four orders of magrimide across 30 cm vertical metervals. High-resolution sampling at thess sites showed that
threg-guarters of the mass-discharge ocours within 3% to 10% of the plame cross sectionsl areas. The exmame spa-
tial vamability of the mass-discharge ooours even though the sand aquifers are nearly hydraalically horeogenseons.
Dieprh-dizcrete fiald techniques such as those wsad m this stedy are essental for finding the small zones producing
most of the mass-discharge, which is fruportant for assessing namral stenustion and designing remedial opiions

Intreduction plumies comnprised of other types of organic contaniinants

Chiprmared solvents are the most prevalent organic Mlackay apd Cherry 19890, Althongh the processes gov-
contarminants found in ground water (Smoo et al. 2003 ), and amng subsurface DNAPL and phone behavior are known
in the dissolved phase they are ppically mobile and recal- (Cobhen and Mercer 1993; Papkow and Chemy 1996) and
crivan:, particnlarly wichloroethylens (TCE) and teira- numeroys solvent confarminzied sites have besn invest-
chlorpediylene (PCE). Schwille (1984, 19EE) was the first zated, DMNAPL massas ar feld sites are not often quanified.

T

1o recoznize that chlonpated solvent phumes (e, zones of (Fepnsira 2003, Heteroseneity imposes severe limmits for




Industrial Site, Florida
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Building

(Source: Guilbeault, Parker, & Cherry, 2005)




(Source: Guilbeault, Parker, & Cherry, 2005)




Conceptual Model for Dissolved Plumes Emanating
from DNAPL Source Zones

(Source: Guilbeault, Parker, & Cherry, 2005)




Ny Subsurface Cleanuprinithe
? New: Millenmitinm

Goed Intentions

Less $$

Based on new: knewledge ofi sulhsurface

Goeal: clean: greundwater ter MCLS; Risk-Based Cleanup
Eew Virgin sites

IHave: learneadl fren oulr mistakes

Eecus 0 passive, In:=situ methods
» Monitered Natural Attenuation
m Enhanced in situ treatment

Mass flux/Mass discharge framework &> partiall source
Zone remediation

Better success?




Defining Mass Discharge (M) in a contaminant
plume can therefore help you predict the
maximum concentrations in a downgradient

supply well!
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Prioritization of remediation on releases
with greatest mass discharge
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Relating DNAPL source to mass discharge

Modeling and limited data suggest that even rermoving more than 907
of the dense nonaquecus-phass liquid (DNAPL] source will not reduce
concentrations in groundwater. Howewver, this figure shoees that if
treatment removes the most accessible DNAPL, the mass dizcharge
from sources in heterogansous envirorments can be greatly reduced
by even limited mass remcval. The graen line shows the theoretical
relationzhip in & homoge neaus aquifer with Iittle reduction in source
rmas=; the red line is extrapolated from data from a field d emonstration
at Dower &ir Forea Base in Dover, Del.; and the blue line shows the
theoretical relationship in a highly heterogensous aquifer with most
aof the DNAPL located in the higher permeability zones,
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Focus remediation on parts of source
Zone producing the greatest mass
discharge

Response
Boundary

Source
1]
Strength

Source Zone

P Most contaminated

B Least contaminated

Local Flux
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Site Charactenzation and Meniterng In the
New: Millennium

Eeunded onlmore realistic conceptual models of
supsuiace conditions (Sedimentelogy,
contaminants)

SCOpPE Valies depending on the anticipated remedy.

Utilization eff the Scientific Methed (ASC, ESC,
TRIAD)

\/eluminous pBut brased nIsteric data Sets

IHorizontal centeurs for herzontall SUrfaces;
iransSects ofi Migh-reselution; data PeInts to

charactenze linear features (e.g., Bured channels,
disselved plumes)




A transect of closely-
spaced DP samples or
multilevel wells

= Ensures no part of the plume
escapes detection

= Accurately identifies high-strength
plume cores

= Monitors groundwater of the same
age. Sampling the transect over
time yields information about
seasonal and longer-term
variations in the “strength” of the
plume

= Shows where concentrations are
truly low or ND (not low or ND
because of sample dilution)

= Allows the calculation of
contaminant mass flux

See Nielsen, 2006

(Source: LFR/API)






Source: USEPA, 2004. Performance Monitoring of MNA
Remedies for VOCs in Groundwater
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Source: USEPA, 2004. Performance Monitoring of MNA
Remedies for VOCs in Groundwater 44




Site Characterization and Monitoring| in the
New: Millennitm
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TCE: 1,000 ppb
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Cross-section Along PRB
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PRB Design
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Site Charactenzation and Non/itonng in the
New: Millennium (continued)

Precess Vienitering
= CSIA

x Biotraps

s oelecular teols

Performance Vioniternng
» Reduction In mass discharge




BioTrap™ Sampler (www.microbe.com)




Site Charactenzation and Non/itonng in the
New: Millennium (continued)
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Performance Vioniternng
» Reduction In mass discharge




Comparision of Approaches Underway at

=l e

i M,

e i
R i
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(e

Vandenberg Air Force Base in California (Doug i
. . . . UCDAVIS
Mackay, UC Davis, Principal Investigator,
Overall project Principal Investigator: Mike
Kavanaugh, Malcolm Pirnie.)
Method 1 Method 2 Method 3 Method 4
Point monitoring Monitoring Point monitoring Monitoring of
of transect of of transect of of transect of injection & extraction
monitoring wells extraction wells fluxmeters in wells wells across plume
| l;|U;11€ displécéd ‘ \
Recirculated ‘k (
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