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| y Overview of presentation

ABackground information on biodegradation
of chlorinated solvents and the site

ABench-Scale Study: Evaluate Various In Situ
Bioremediation Options for chlorinated
solvents in groundwater

APilot-Scale Study: Evaluate most effective
option from Bench -Scale Study

| Selected In situ biostimulation and
bioaugmentation for implementation
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“ Background Site Information

Al1.1 acre site in Southern California

ASite is currently used as a solvent recycling
facility

AAlso used for storage and transfer of
hazardous wastes

Almportant not to disrupt current operations

I Numerous trucks in and out of the facility on
daily basis
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“ Background Site Information

AHigh levels (>10 mg/L) of chlorinated
solvents in groundwater including
| Tetrachloroethene (PCE) up to 73 mg/L
I Trichloroethene (TCE) up to 118 mg/L

I Cis-1,2 -Dichloroethene (cis -DCE) up to 47.8
mg/L

I Vinyl chloride (VC)
1 1,1,1 -Trichloroethane
AGroundwater velocity is very slow due to

flat horizontal hydraulic gradient in
vicinity of site
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| y Background Site Hydrogeology

AZones 1 and 2 8 from ground surface to about 75
ft. below ground surface (bgs); fine  -grained
sediments of silty sands, silts, clayey silts, clayey
sands, and clays.

AZone 3 (Semiperched Aquifer) & from about 75
tol105 ft. bgs; contains courser  -grained sediments
of silty sands, sands, and gravelly sands. Water
table occurs at about 92 ft bgs.

AZone 4 (Aguitard) 8 from about 105 t0150 ft bgs
with a local zone of low permeability clay and silt
from depths of approximately 105 to 115 ft bgs.
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“ Background Groundwater Data

Well Number MW-2 MW-3 MW-6
Sampling Concentrations: milligrams per
Parameter liter
Nitrate 2.38 13.2 51.4
Dissolved Iron <0.10 <0.10 <0.10
Manganese 0.924 0.416 0.021
Sulfate 33.9 27.8 37.6
Total Kjeldahl 0.364 0.543 0.253
Nitrogen
Total Phosphorus <0.050 0.126 0.057
Dissolved Organic 0.78 1.5 0.41
Carbon
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| y Reductive Dechlorination Pathway

%’BIODESIGN
INSTITYTE Chloroethene Reducing Populations
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cis-DCE
Desulfuromonas, Dehalobacter

DesulfitobacteriumSulfurospirillum,

Geobacter
o Dehalococcoides ethenogenes strain 195

Dehalococcoides sp. strain GT Courtesy of: Dr. Krajmalnik-Brown
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| y Bench-Scale Study Obijectives

AEstablish potential for in situ biodegradation
of various chlorinated volatile organic
compounds (cVOCSs) in groundwater

AEvaluate various types of electron donors:
quick release (e.g. lactate) and slow -release
(e.g. EOS)

AEvaluate potential need for bioaugmentation
AEvaluate biodegradation rates

ADevelop design criteria for pilot  -scale
system, If appropriate
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q Bench-Scale Testing Approach

ASet up series of
microcosm bottles

ASterile & MNA Controls
ABiostimulation options

ABiostimulation &
Bioaugmentation
options

AMonitored periodically
for cVOCs, nutrients,
VFA, methane, ethene,
& ethane
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‘ Sodium Lactate: Biostimulation vs.

Bioaugmentation
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‘3 EOS: Biostimulation vs. Bioaugmentation
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Explanation Notes:
¢ EOSPCE ® FOS cis-1,2 DCE 1. EOS is a trade name for Emulsified Oil Substrate.
—e—EOS Bio PCE —8—EOS Bio cis-1,2 DCE 2. PCE = tetrachloroethene
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“ EHC: Biostimulation vs Bioaugmentation
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|\ 4 Pilot Study Objectives

AEvaluate radius of influence of injected
substrates: bromide and microbial
consortium

AEvaluate effect of carbon substrates on
biodegradation rate of cVOCs

AEvaluate effect of bioaugmentation on
biodegradation rate of cVOCs

ADevelop design criteria for full  -scale
system
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“ Pilot Study Program

ABased on result of bench -scale testing,
identified appropriate amendments.

A Groundwater Recirculation System

I Groundwater extracted and amended with
carbon source or microbes and  reinjected .

I Biostimulation with QRCS

Alnjection of a Wilclear Plus Sodium Lactate
and tracer compound (sodium bromide)

I Bioaugmentation with KB~ -1 Consortium
Alnjection of KB -1 microbial consortium
I Biostimulation with SRCS
Alnjection of a EOS ©
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Groundwater Recirculation System

Amendments
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Groundwater /v—\

Mixing Tank/Tote

Sampling Port Flow Rate Sampling Port
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Groundwater Circulation Well Observation Well Groundwater Circulation Well
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(Extraction Mode) {Injection Mode)

Explanation
Pump =
Well casing (4" Schedule 40 PVC)

Well screen {4" Schedule 40 stainless steel)
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‘4 Pilot Scale Injection Set -Up

Alnjection set -up
Included site
groundwater amended
with:

I sodium bromide
| lactate

I KB-1 microbial
consortium

I emulsified oll
substrate

I pH adjustment
compounds.
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