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Outline

» Overview of Chlorinated Solvent Degradation Pathways

* Where is the vinyl chloride?
 Active Manufacturing Site — Central Kansas — Alluvial Aquifer
* Former Manufacturing Site — Southern California — Colluvial Aquifer

 Conclusions / Lessons Learned
e Questions
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Overview of
Chlorinated Solvent
Degradation

Pathways

Common & Less Common Pathways
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Anaerobic Reductive Dechlorination
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(e-donors)

Fermenters

Volatile Fatty Acids
and Alcohols

Fermenters|

Acetogens Hydrogen

i

Acetate T Methane
Methanogens

Principles and Practices of Enhanced Anaerobic

Bioremediation of Chlorinated Solvents (Parsons, 2004)
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Where is the Vinyl Chloride?
Active Manufacturing Site — Central Kansas
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Aerobic Conditions

Anaerobic Conditions

Alternative
Pathways

(Wilson & Wilson, 1985)
{Melson et. al., 1988)
(Wackett et. al., 1989)
(Vanelli et, al., 1990}
(Hopkins et. al., 1993)
(Ensign et. al., 1992)

* Abiotic
dichloroelimination
(B-elimination)

* Aerobic
cometabolism

* Direct oxidation

(Klecka ef. al., 1997)

(Hartmans el. al., 1985)
(Davis & Carpenter, 1990)
(Cox et. al., 1995)

---------- » Abiotic Reaction

—* Biclogical Reaction

comatabolism

CO2 =«

Tetrachloroethene
(PCE)

abiotic
dechlorination

---------------- + Acetylene (Butler and Hayes, 1998)

(Campbell et. al., 1997)

Trichloroethene

(meathanotrophs)
(toluene oxidizers)
(propane oxidizers)
(ammonia oxidizers)
(phenol oxidizers)
(ethene gxidizers)

(TCE)

----------------- +  Acetylene

Dichloroethene

reductive
dechlorination

4 atlaiotic
hlorinati
eeranE: (Butler and Hayes, 1999)

(Campbell et. al., 1997)

reductive
dechlorination

{Lee and Batchelor, 2000)

--+  Acetylene

COZ (1,2-DCE) anaerobic oxidation CO»>
{manganese reducers) (Bradlay et. al., 1998)
reductive
dechlorination
Vinyl Chloride anaerobic oxidation CO
» {Bradley & Chapelle, 1996)
CO2 Sreiipet” Q) {iron reducers) 2
reductive
dechlorination
dati
CO2 “ oxdation Ethene »  Ethane

Figure 1.2: Pathways for the Degradation of

(deBruin et. al., 1992)

(Freedman & Gossett, 1989)

(Major et. al,,

1831)

(Holliger et. al., 1983)
{(Wild at. al., 1995)
{Maymo-Gatell et. al., 1997)

Chlorinated Ethenes

Final Protocol for In Situ
Bioremediation of Chlorinated Solvents
using Edible Oil (AFCEE, 2007)
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w00y H0
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Green Rust Mediated
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7

cis-DCE
CO, +H,0 ACET‘;(I_LENE

CHO  Generic electron donor organic compounds
Iron-reducing bacterium
e Sulfate-reducing bacterium
=== Transport

) Chemisorption Mediated Abiotic TCE Transformation
@ Reactive Mineral Formulation

@ Abiotic TCE Transformation

@ Biochemical Reaction

Stroo, H.F., Ward, C.H., 2010. Future Directions and Research Needs for

Chlorinated Solvent Plumes. In Situ Remediation of Chlorinated Solvent

Plumes, Springer, New York. pgs. 699-725.
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Aerobic Cometabolism & Direct Oxidation

Cometabolism

COC oxidized by enzyme produced
during primary reaction

Oxygen is the electron acceptor

 Methane, toluene, propane, phenal,
etc. are electron donors

Direct Oxidation

* Hydroxyl radicals may be produced
when ferrous iron minerals react with
oxygen (DO)

Methanotropic Cometabolic Biodegradation of TCE

0"5? ihm‘ﬂ‘ > Intermediate Products > l Carbon Dioxide J
Met!

Treatment Area

[ Metabolism
Mono-oxygenase enzyme |
| boli
{} Cometabolism Cometabolic Methanotrophic
oo e o a Enhanced Natural Attenuation at a
—c” < TCE Superfund Sit
c=cC C—C perfund Site
cl~ NH = a” \0/ SH = €O+l (T. Cornuet et. al, Battelle
(TcE) TCE eporide] Bioremediation Symposium, 2019)
cl
\ H
c—c R TCE
CI/ : \C I‘\ \\(5) Oxidative Pathway
H Y H o ---' -0

c—o¢ Cis DCE

\ /el
/TN “”l; K 1
Cl I Cl

(1) Glyoxyllc Acid
; I\|/\ \[(§o
H, H (S)I !

o

H, \ Glycolic Acid
! Cl ,o\/g
(1) " 0
v
\

: (1) ~q (5) Formic Acid ‘

Werth, C., et al. (2020). Final Report —
Biogeochemical Processes that Control Natural
Attenuation of Trichloroethylene in Low
Permeability Zones — SERDP Project ER-2530.
SERDP. Alexandria, VA.
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Synergistic Mechanisms at Boundaries

Organic Acids,

OH"
- - g Jf )('E s TCE, cis-DCE, or
 Potential for multiple, synergistic oA da, TCE T e

. Aerobic 0;" H;0; OH oxidation rox
mechanisms at subsurface N 2’1": :::{..,.5,,,.,.,:., oxidation by hycro

bounda”es ___________ Fe(ll), Fe(ln)/Fe(in) Fe(ll), Fe(11)/Fe(lll) :/"Ea; .
« Aerobic / Anaerobic \Mineral b [ PSS
: . 1o I~ EEEEEEREEE ?
* Low / High Permeability N (OH-), |
Anaerobic TCE Acetylene, N _[" \\\\EE{||]aquenu5 /2/’

Ethene, R R Nl

\
. or S

—_—_———

Fe(lll) is reduced to Fe(ll)
that reacts with
hydroxide, carbonate, or
sulfide to from structural
Fe(ll) minerals that can
react with TCE

Fe(lll) is reduced to Fe(ll),
either by reacting with an

electron shuttle or sulfide to
from amorphous/sorbed
Fe(ll) that can react with
TCE, DCE or VC

Conceptual model of TCE abiotic reactions under aerobic and anaerobic conditions.
Werth, C., et al. (2020). Final Report — Biogeochemical Processes that Control Natural Attenuation of
Trichloroethylene in Low Permeability Zones — SERDP Project ER-2530. SERDP. Alexandria, VA.
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Importance of the Conceptual Site Model

« Conditions vary with geology,
geochemistry & permeability

* Low-k zones within aerobic
aquifers often:

« Harbor high concentrations of VOCS  towrermeability
due to matrix diffusion Lenses

« Contain organic carbon and reactive Biotic
minerals species Conditions:

« Can support biotic/abiotic reductive
dichlorination

High Permeability Background

- aa

High Permeability Background

Abiotic
Conditions:

9]
Plume of TCE
& daughter products

Abriola, Capiro, Hnatko, Pennell, Yan, 2020. Bioenhanced Back Diffusion and Population

* These zones may be leveraged or Chamoshae, o 35, 005, Teetz 1SS O o
Created as part Of E| SB or MN A https://doi.org/10.1016/j.chemosphere.2020.126842.
strategies
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Where is the Vinyl
Chlioride?

Active Manufacturing Site — Central Kansas — Alluvial Aquifer
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s of Evidence Evaluation for
iodegradatlon

=
(D

." [l
=239/ \B * Geochemical Results
734 MW—22s/1 . . . . .
- e /_ o =275/ * DO: varies with infiltration rates (typ. 2 — 4
. N yp
MW—175, /| e ! mg/L)
$ MW—8s/I .
3‘Mw-ss/u * ORP: also variable (typ. -50 to +100 mV)
= * Methane: 1,000 — 5,000 ug/L
MW—9s /1 58.4 )
| * Mn (dissolved): 500 — 800 ug/L
* Fe(ll): <100 — 300 ug/L
- Sulfate: variable (typ. 20 — 200 mg/L)
-— \ e 7 » Potential cDCE degradation pathways
™ S | e - Hydrogenolysis — May be occurring, with

=108/ 1 o3 VC not accumulating in detectable
. /\”W‘”"‘ e * . quantities?
"y o Lman Vo T o R i « Cometabolism — DO and methane are

MW-18s/u @@ MW—1§?(I Monitoring Well Location present
P._SS 4 Abandoned Monitoring Well Location o AbIOtIC Odeatlon — DO and reaCtlve Fe
® Groundwater Sample Probe (Nov. 2015) mlnerals may be present
K20 oot Bridge N\ g (St 2008 ~noa. 200my o " * B-elimination — May be occurring in
’04@50, Vegetable Oil Substrate Injection Line anaerObIC ZoneS?

(March = July 2013)
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Lines of Evidence Evaluation for

Biodegradation

MBT results

 Low DHC levels detected in all
wells

» VC reductase genes generally not
detected

 Other dechlorinators (DHBt, DHG,
DSM)

* Notable detections in MW-25s,
indicating diverse microbial
community

« Sulfate reducers

 Significant populations — potential for
DHC competition and reactive
mineral formation

* Methanogens present

MW-25s MW-26s MWw-28s/|
Microorganism / Functional Gene Relevant Targeted
| Enzyme Compounds cells/imL Percentile cells/mL Percentile cells/mL Percentile

Reductive Dechlorination
Dehalococcoides (DHC) FCE, TCE, DCE, W C 3,30E+01 38% 6.49E+01 44% 1,12E+01 27%

teed Reductase (TCE) TCE <5 N0E-01 <5 O0E-01 <5 00E01

BAVT Vinyl Chioride Reductase FCE, TCE, DCE, VT <5 00E-01 =5 00E-01 <5 00ED1

Wirtyl Chioride Reductase (VCR) FCE, TCE DCE, W C <5 N0E-01 2.00E-01 (J) <B8% <5 00E D1
Dehalobacter spp. (DHBL) TCE 2.29E+03 67% <4 JOE+00 <4 BOE+00
Dehalogenimonas spp. (DHG) FCE, TCE, DCE, VT 1.68E+03 28% 1.29E+03 26% =4 BOE+O0
Desuififobacterium spp. (OSB) TCE 3.12E402 3% <4 70E+00 <4 BOE+00
Dehalobiun chiorocoercia (CECO) 5.99E+02 6.89E+02 8.29E+02
Desulfuromonas spp. (DEM) TCE 2.50E+00 (J) <5% =4 T0E+00 6.66E+01 14%,
Aerobic (Co)Metabolic
Soluble Methane Monooxygenase FCE, TCE, DCE, VT 2.50E+00 (J) <1% =4 70E+00 3.10E+00 (J) <1%
Toluene Doxygenase (TCO) FCE, TCE, DCE W <4 B0EHID <4 TOE+00 <4 BOE+00
Phenol Hydroxylase (PHE) FCE TCE, DCE, V(G 1.50E+02 33% 5.09E+01 21% 1.4TE+02 33%
Tolene Monooxygenase 2 (RDEG) FCE, TCE, DCE, VT 3.14E+02 41% <4 JOE+00 1.19E+02 27%
Toluene Monooxygenase (RMO) FCE TCE DCEVE 8.00E-01 (J) <6% 3.10E+00 (V) <6% 5.09E+02 54%
Ethene Monooxygenase (BnC) W 9.20E+00 <13% <4 T0EH0 <4 B0EH0
Epoxyalkane Transferase (EnE) Lie <4 B0EH10 3.74E+01 14% 7.07E+01 21%
Other
Total Eubacteria (EBAC) 2.57E+06 75% 1.89E+06 70% 1.67E+06 68%
Sulfate Reducing Bacteria (ARS) 5.28E+04 63% 3.35E+04 59% 3.54E+04 59%
Methanogens (MGM) 4.83E+02 49% 4.07E+01 24% <4 BOE+00
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Lines of Evidence Evaluation for

Biodegradation

 MBT results (continued)
Low to ND SMMO levels

Notable PHE levels in all wells

* Phenolic compounds abound in
plants

* Wells located in agricultural fields;
may supply phenol to support PHE
production.

Low to moderate RDEG/RMO

levels in MW-25s and MW-28s/I

* Both wells d/g of historical
petroleum release

 Low levels of EtnC and EtnE

suggest some capacity for VC
degradation

* Mod. high total microbial
populations (EBAC)

MW-25s MW-26s MWw-28s/|
Microorganism / Functional Gene Relevant Targeted
| Enzyme Compounds cells/imL Percentile cells/mL Percentile cells/mL Percentile

Reductive Dechlorination
Dehalococcoides (DHC) FCE, TCE, DCE, W C 3,30E+01 38% 6.49E+01 44% 1.12E+01 27%

teed Reductase (TCE) TCE <5 N0E-01 <5 O0E-01 <5 DOE01

BAVT Vinyl Chioride Reductase FCE, TCE, DCE, VT <5 00E-01 =5 00E-01 <5 00ED1

Wirtyl Chioride Reductase (VCR) FCE, TCE DCE, VT <5 N0E-01 2.00E-01 (J) <B8% <5 D0ED1
Dehalobacter spp. (DHBL) TCE 2.29E+03 67% <4 JOE+00 <4 BOE+00
Dehalogenimonas spp. (DHG) FCE, TCE, DCE, VT 1.68E+03 28% 1.29E+03 26% =4 BOE+O0
Desuififobacterium spp. (OSB) TCE 3.12E402 3% <4 70E+00 <4 BOE+00
Dehalobiun chiorocoercia (CECO) 5.99E+02 6.89E+02 8.29E+02
Desuifuromonas spp. (DEM) TCE 2.50E+00 (J) <5% =4 TOE+00 6.66E+01 14%
Aerobic (Co)Metabolic
Soluble Methane Monooxygenase FCE, TCE, DCE, VT 2.50E+00 (J) <1% =4 70E+00 3.10E+00 (J) <A%
Toluene Doxygenase (TOO) FCE, TCE, DCE W <4 B0EHID <4 TOE+00 <4 BOE+00
Phenol Hydroxylase (PHE) FCE TCE, DCE, VG 1.50E+02 33% 5.09E+01 21% 1.4TE+02 33%
Tolene Monooxygenase 2 (RDEG) FCE, TCE, DCE, VT 3.14E+02 41% <4 JOE+00 1.19E+02 27%
[Toluene Monooxygenase (RMO) FCE, TCE, DCE, VG 8.00E-01 (J) <6% 3.10E+00 (J) <6% 5.09E+02 54%
[Ethene Monooxygenase (EnC) W 9.20E+00 <13% <4 T0EH0 <4 B0EH0
Epoxyalkane Transferase (BnE) WC <4 BOEAD0 3.74E+01 14% 7.07E+01 21%
Other

otal Eubacteria (EBAC) 2.57E+06 75% 1.89E+06 70% 1.67E+06 68%

Sulfate Reducing Bacteria (ARS) 5.28E+04 63% 3.35E+04 59% 3.54E+04 59%
Methanogens (MGM) 4.83E+02 49% 4,07E+01 24% <4 BOE+00
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Lines of Evidence Evaluation for

Biodegradation

* Conclusions

* Diverse community capable of degrading COCs via
multiple pathways, albeit at slow rates.

« ¢DCE and/or VC likely degrading by other
mechanism(s):

*  Cometabolism — DO levels supportive at low rates

* Abiotic Oxidation — rate influenced by DO concentration

* VC “wave” very unlikely

MW.25s MW-26s MW-28s/l
Microorganism / Functional Gene Relevant Targeted
I Enzyme Compounds cells/mL Percentile cellsimL Percentile cellsimL Percentile

IR eductive Dechlorination
Dehalococcoides (DHC) FCE, TCE, DCE, WG 3.30E+01 38% 6.49E+01 A4, 1.12E+01 27%

tceA Reductase (TCE TCE <5 0001 <5 J0E01 <500E01

BAY1 Vinyl Chioride Reductase FCE, TCE, DCE, V¢ <5 00ED1 =5 00E01 <6.00EM

“inyl Chloride Reductase (VCR) FCE, TCE, DCE, WC <6 00E01 2.00E01 (J) <B% <5 00E01
Dehatobacter spp. (DHEY) TCE 2.29E+03 67% <4 7OE4I0 =}, 50E+00
Dehalogenimonas spp. (DHG) FCE, TCE, DCE, V¢ 1.68E+03 28% 1.29E+03 26% =4 HIE400
Desulfitobacterium spp. (DSE) TCE 3.12E+02 37% <4 70E410 =} BOE+00
Dehalobium chiorocoercia (DECD) 5.99E+02 6.89E+02 8.29E+02
Deswliwomonas spp. (DSM) TCE 2.50E+00 (J) <5% <4.70E+00 6.66E+01 14%
[ erobic (Co)Metabolic
Soluble Wethane Wonooxygenase FCE TCE, DCE, WG 2.50E+00 (J) <1% <4 7OE+0 310E400 (J) <1%
Toluene Dioxygenase (TOD) PCE, TCE, DCE, VG <4.80E+00 <4 70E0 <4, 50E+00
Fhenol Hydroylase (PHE) FCE, TCE, DCE, VG 1.50E+02 33% 5.09E+01 2% 1ATEH2 33%
[T oluene Monooxygenase 2 (RDEG) FCE, TCE, DCE, vC 3.14E+02 % <4 70E40 1.19E+02 27%
[(oluene Monooxygenase (RvO) PCE, TCE, DCE, vC 8.00E-01 {J) <6% 3.10E+00 (J) <6% 5.09E+02 54%
Ethene Manooxygenase (BnC) YO 9,20E+00 <13% <4 7OE400 =} B0E+00
Epoxyalkane Transferase (BnB W <4 BOEHI0 3.74E+01 14% 7.07E+01 21%
Other
[Total Eubacteria (EBAC) 2.5TE+06 75% 1.89E+06 0% 1.67E+06 68%
Sulfate Reducing Bacteria (APS) 5.28E+04 63% 3.35E+04 59% 3.54E+04 59%
Methanogens (MEN) 4.83E402 49% A.07E+M 24% <4 8H0E400
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Where is the Vinyl
Chlioride?

Former Manufacturing Site — Southern California — Fluvial Aquifer
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Overview

_ . Moremeest, Cross-Section E-E' e
« PCE & TCE concentrations ranging - s ae s = — |
from 10’s ppm (source) to 10’s ppb o ¥ £ - 2L #" | (Romediated via ISTR)
(off-site plume)
- Conditions generally ” —— = "
aerobic/oxidative
H50 — 850
. e | T —
e cis-1,2-DCE and 1,1-DCE B e— [ ] i
detections at some wells szs E—— —— - —r— D e
* No vinyl chloride detections in over o .
20 years of monitoring
) . Residual Source
 Heterogenous colluvial aquifer e
. . [+ 100 200 200 FEET +¥ S0 T
« HSUs comprised of interconnected B0 pot poima e pamgunanae W CCHISSI o
sand channels within low- ot | Sieemne (] s
permeability deposits - m“:;gﬁ;m ti il y ;%tﬁﬁg% o0
* In situ remediation technology i o 3
needed for plume cut-off and P e TR |, 0 cenes I

source control
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Overview

* Potential attenuation pathways:

1. Reductive dechlorination (RDC) via hydrogenolysis
= Historic data not supportive
= cis-1,2-DCE detections at some wells

2. Abiotic reductive dechlorination (ARD)
= Historic data not supportive

3. Aerobic cometabolic for TCE degradation (ACD)
= Historic data somewhat supportive

= 1,1-DCE detections may be indicative of ACD

» Adequate DO concentrations
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High

Mid

Low

Microbial Populations MWG-9

Source Area

NORTH
PARKING +.OOT

Potentially Supportive
Interpretation / Lines of Evidence of Pathway?

RDC | ARD | ACD
MBT Results

Low-Moderate populations of cometabolic degraders -- v
# Low-Mod. populations of reductive PCE/TCE degraders v --
v v

(Ce)metabodic Chierinated \/

e e SOME microbial diversity

Chilariiche

Azrobic
Cametabelic
Chlorinated
Ethenes

Anasrobic Araerobic Araerablc Anzerchic Anasrchic
Chiarinated Chiarinated Chierinated Chlgfinated Chicrinated
Ethanes Methanes Benzenes Fhenols Propanes
(TCADCA) {Chlo oform]

Anaerabic Anaenobic Anaerobic
Chicrinated (I b Chiorinated
Etheres Ethenes Lthenes
[IFOETCE| [POETCE,DCENTY [erans-1,2
DCENC

14C TCE Co-metabolism Results

® 4 Negathe =T
v
v

I X

MWG cVOC Results (MWG-9)

Low but increasing levels of cis-1,2-DCE

PA RSKCI}PEJJ OoT cVOC Results (HRSC-1)
Low but detectable levels of cis-1,2-DCE --
@ MWG—S¢ Low but detectable levels of 1,1-DCE --
s BMW-10MR MWG Redox/Attenuation Parameter Results
¢ ®Q ‘; MWG-1: Mildly aerobic/oxic; more reducing than other wells v v
MW-2 1‘: Abiotic Degradation Indicator Results

No acetylene detected

Moderate magnetic susceptibility results (HRSC-1)
Low sulfate levels

ND Fe(ll) levels

X X & X



i Downgradient
Plume

MWG-7R
13

Microbial Populations MW-14

High

o

MWG-17

Anaerobic Anaerobic Anaerobic Anaerobic Anaerabic Anaerobic Anaerobic Anaerobic Acrobic
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MW-14

i Downgradient
Plume

ARAVALI TDY

13 Potentially Supportive
Interpretation / Lines of Evidence of Pathway?
RDC ACD
MBT Results
Microbial Populations MW-14 Moderate populations of cometabolic degraders -- v
Low-Mod. populations of reductive PCE/TCE degraders v --
Limited microbial diversity X X X

cVOC Results (MW-14)

Low but detectable levels of cis-1,2-DCE v --
Low but detectable levels of 1,1-DCE --

Redox/Attenuation Parameter Results

X

Aerobic/oxic conditions X

Abiotic Degradation Indicator Results

Anaerobic Anaerobic Aerobic Aerobic Aevobic No acetylene detected

Chicrinated Chiorinated C i { in, Cometabolic |{Colmetabolic Chiorinate
Ethenes Ethernes Chiorinated Vinyl Benzene:
RCF

R . — - Relatively high magnetic susceptibility results (HRSC-11)

Low to moderate sulfate levels
ND Fe(ll) levels
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Ao ol Downgradient
Plume

Potentially Supportive

Interpretation / Lines of Evidence of Pathway?

RDC | ARD | ACD
MBT Results

.*.HIS Low-Moderate populations of cometabolic degraders -- v
%E No populations of reductive PCE/TCE degraders X --
X X

Limited microbial diversity X

4,300 14C TCE Co-metabolism Results

Microbial Populations MWG-15 Verified ACD at low degradation rate -- v
cVOC Results (MWG-15)
< I

Low but detectable levels of cis-1,2-DCE

Low but detectable levels of 1,1-DCE --

cVOC Results (HRSC-11)

Low but detectable levels of 1,1-DCE --

Redox/Attenuation Parameter Results

Aerobic/oxic conditions X X

Abiotic Degradation Indicator Results

AnaET oLl Anagrobic Araerobic Anaerobic Anaeiobic Anaerobic Anaerabic Tk 1 BT
Chilarinated Chlorinated Chlorinabed Chiarirabed Chiorinated Chilarinated Chiarinated W 3 ic Chiloris NO acetylene deteCted
Ethenes Ethenes Ethanes raethanes Eenzenes Phenals Propanes Benze
(PCENCE,DCE V) [frans-1 \TCADCA) [Chiorafarm]

Moderate magnetic susceptibility results (HRSC-1)
Low sulfate levels
Low to ND Fe(ll) levels
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Evaluation & Path Forward

Co-metabolism (ACD) likely the predominant mechanism for TCE and daughter products, but reductive
dechlorination (RDC) may contribute in discrete anaerobic zones

Elevated temperatures may be promoting RDC near the former source area

Minimal evidence of abiotic degradation (ARD)

Proposed PRB approach
* Promote biotic/abiotic reductive processes at PRB location
« Stimulate aerobic biotic/abiotic process downgradient of PRB

« Treatability testing (e-donor + iron) OH-. Organic AC(i:dOS.
* Modeling J’ (-e ?
. e /T8N Fo, TCE
Aerobic o, 0, H,0, ‘OH
A
___________ el +e Fe(ll) (Sorbed)
2
- [ Fe(ll), Fe(ll)/Fe(Ill) Fe(ll), Fe(ll)/Fe(ll) ,
g \M_i.riefl Mineral COs*
@® 2
-E ___________ 7 e D 5
3 TCE ‘ (OH-),
o Anaerobic ACEMENE; FE(”)aqumus
Ethene, or Ef’_
Ethane, ..... ors
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Conclusions /
Lessons Learned
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Conclusions / Lessons Learned

* Historical data offer clues re: degradation pathways

* Tools needed to explain lack of VC at sites undergoing reductive
dechlorination are now available

 Lack of VC presents potential opportunity to identify alternative
pathways that can be leveraged for remediation (including MNA)

* CSM is critical to identifying mechanisms and selection data
collection locations
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