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The Problem - Residual NAPT,
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Natural Ra in the Environment
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The Rn Deficit in the Subsurface
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The R Deficit Model

+ Equilibrium Partinoning Model
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The Rn Deficit vs NAPL Saturation
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+ Liquid Santillatien Counting (LSC)
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. Site 300, Building 834 Complex ar
Lawrence Livermore National Lab.
2 Preliminary groundwater R surveys
conducted to identify suitable test wells.
t Iniual ancer‘épuhp-dliﬁddmm.
3 Performed at three existing monit
wellss MW -5, MW D-6, MWDIZ

having low, intermediare and high
aqueous Ris concentrations.

3 R free, site warer witha Br " rracer
injected in the well, followed by
extracrion.

3 Tests were first of a kind épush-pullsi
utilizing Rn as an in situ tracer.

Tests were incorporated into current
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demonstration activities at the site.




LLNL Site 300 Rn Field Survey
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Field Push-Pull Evaluations
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Field Results - Implications

+ R partitioning behaviar observed in the test wells
was similar to that seen in the PAMs , and
consistent with transport theary.

5 Aqueaus Ra levels from the three test wels agreed with
thesre Rn survey performed ax months earber.

3 Rapid increasein Ra levels in the NAPL free well.
3 Depressed, constamt  Rn. sugnal from the well having.
higher residual NAPL contammation.

1 The Rn tracer test was quick and inespensive.
3 Ra free (degassed) sive vater with 2 Br tracer.
5 No special chemical tracers required.
3 Use of existing monitoring fasliies.
3 Injection and extraction from a single existing well.




Current & Planned Research

1+ NAPL remediation assessment
3 A2-3 PAM packed with aquifer solick
obtained near the DOE, Hanford Site.
= Builuations performed in conjuncrion
with 2 new set of surfactants {Acrosal
MAB0-I; Tsok & Ficld).
3 Incorporation of regioal floww field.
1 Further development of Rua as an in
situ partitioning tracer using the
single-well epush-pulf test.
1 Asmall scale field test at an Oregon
site contaminated with NAPL.
1 Development of computer models 1o
simulate and predict static and
ic Rn partitioning behavior.
1 Continued development of R
sampling and analysis pretocals.




PAM Expit . -Static Rn Profile

Surfactant Treatment
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PAM Expit . - Static Rn Profile

In situ Oxidation
+ TCE - 5% saturation
berween Ports 1-5.
+ Inital R deficit
correlates well with
TCE placement.
. KMnO, injection.
Ra signal after
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Less TCE, especially
in narrow end of
PAM. Mase
balances indicate 30-
35% TCE owidation.
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PAM Expit . -Dynamic  Rn Tracer Test
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PAM Expit . -Remediation  Assessment
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¢ The static Rn prafiles were consistent
with, and accurately reflected, the
changing residual NAPL signal
within the PAMs.

¢ In situ tracer studies show Rn
breakthrough is retarded in the

of NAPL. Retardation

factars (R of 1.5 ta 4.5 observed for
residual NAPL from 1 to 8%.

t The push-pulli tests show the Rn
concentration responses
during the course of the PAM

remediation.

¢ The results from the remediation
PAM studies clearly demonstrate the
portential for using Rin to monitor the
progress of NAPL remediation.

+ Successful remediation of a NAPL
contammnated site requires accurate
knowledge of the NAPL presence
and spatial distribution.

+ ‘The lahoratory and Feld results to
date, indicate the natural Rn tracer
method has the potential to provide
a rapi, low-cost, methad for
routine use in quantifying residual
NAPL in the subsurface.

+ The Rn methodis simplicity and
compatibility with present research
lends itself well to DOEs and EMis
mission of reducing the time and
costs in evaluating and conducting
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Physical Aquifer Model for Future Tests
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Plan view of the large 24 PAM for future Bn tracer imvestigatione, The
PAM comtans 280 sampling ports & 40 trpection ports. Additanaly,
the PAM allows for estoblishmentof a low gradient




