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 permeable reactive barrier (PRB), this study: redox reactive PRBSs:
- measure injection extent (ERT, SIP)
- performance over time (i.e., oxidation)

« spectral induced polarization (SIP) use in subsurface sediments
- quantify temporary electron storage
- frequency specific surface phase imaginary conductivity

e geochemical and SIP comparison of redox reactive surface phases

e geochemical and SIP comparison of four reductive technologies
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 measure PRB performance over time: monitoring well data (for mobile contaminants that have low sorption)
e can SIP be used to evaluate PRB performance where well data is sparse or sorbing contaminants or to
characterize heterogeneity effects?




% Global Abiotic Redox Reactions and SIP

Summit
Redox Capacity and Potential: Spectral Induced Polarization:
different e donors e flux (soln, surface), e storage
e measure by Fe extractions AC Current
Fe?*(aq) < Fe3*+e- M
clay[Fe**], CI?VEF92+ through sed.
~ Fe-oxide=Fe?* _
o FeS, FesS, ® measure:
microbes real conductivity (sol’n)
imaginary conductivity (~surface)
® measure e- acceptor (CrO,, NO;, RDX) phase angle (capacitance) easured Potential
degradation rate 02 __Applied AC Current
1 o Chromate Reduction in Umatilla Sediment with Fe' ]
T A A predict? [
| TR R ] o*?
:‘é“ 08i A. ":;Qj::__“ é. . 0.2 cool . . 0;;85
<) ] addition g v £ E Soopoeete %o 0
g 0.6 ____‘__Luomngllg): A_“ t _§ ‘é LT LTI 38898323 0@96
g 1 w033 Fe2s ™, N g = oé@é@o
= 0.4- “T~&0.66 Fe2+ A ‘> > D 05 .go.o
© T vigFe2+ . v g 0 o
o 1 maoren E : Eihi
02 - ®-goren A . S pmmine
| “a. g  umalgrazs
0.0 [ ®= i@l - - - @i 0.0 F——rrrm T
00'] O'I 1 ]0 'IOO 1000 0.001 0.01 0.1 1 10 100

time (h) Frequency (Hz)
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e real sediment with adsorbed Fe?*, FeS, microbial biomass addition: frequency specific SIP changes
e good geochemical-SIP correlations in a real sediment with model additions
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Geochemical Response
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e different ferrous iron phases control CrO,, NO;, RDX reduction and
correlate to frequency-specific imaginary conductivity:

component frequency (Hz)
ads. Fe?* 0.1 to 10 Hz, increase
FeS, FeS2 0.001 to 0.1, decrease
2:1 clay(Fe?*) 0.001-0.01, increase
microbes 1.0 to 30, increase

¢ SIP imaginary conductivity response somewhat sediment specific, so technology
response in one sediment may not be the same in a different sediment

e SIP could predict redox changes for two technologies (Na-dith., CPS),
partial prediction for bioreduction (cannot correlate to Fe?* or microbial biomass)

¢ SIP could be very useful at field scale to predict reduced PRB long-term performance;
limitations can be evaluated using sediments in laboratory studies
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o ¢ Spectral Induced Polarization (SIP) in Sediments
Electrical current (DC or AC) flow in: " . ‘ RS
1. fluid (significant) R1 R2 VWV\
2. along surface, EDL (significant) Wi Wi
) C1 C2 C3
[surface ppt., adsorbed ions] b] )] I
o ticl | R4 R5 6. clay
3. in particles (small) WW\ VW\A -~
AC Raw Data: freq. vs resistivity, phase easured Potential 5t )I )
¢ phaseangle: induced polarization or | WWWA

L Applied AC Current\

charge storage from ads. ions/solidsm add FeS \
(not solutionions) j

Post-Model Data: w/system geometry —i
o’ real conductivity: pore water N [ Pme‘mr wm
o’’ imaginary conductivity: '
~surface conductivity
¢ =tan-![¢”/c’]
= (1IF) Gw t G,surf
F =formation factor

PSIP Freq Sweep Response

148
8 -0.04
0.001 0.010 0.100 1.000 10.000  100.000 ' 1000.000 10000 000 100000.000

Frequency[Hz]




	Slide 1: Predicting Remediation Technology Longevity using Spectral Induced Polarization
	Slide 2: Outline
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13

