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Challenges with Bioremediation

= Success is driven by efficient
amendment delivery

= Heterogeneity in aquifers
causes fluid bypass to
preferential pathways

= Multiple/persistent sources
affect mobility/treatment
time
* DNAPL
* Sorption
* Matrix back diffusion




Conceptual Site Model Resolution

Develop a conceptual site model at an appropriate scale to account for site heterogeneity to characterize:

=  Physical properties
= Chemical of concern (COC) distribution

= Fate and transport

High-resolution site characterization tools collect data on relatively small scales with a greater data
acquisition rate than conventional characterization tools and approaches.
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Develop / Reevaluate
the Remedy

HR-CSM During
the Site Life Cycle

= HRSC to Improve Site CSM

= HRSC to Support Remedial
Objectives R e i o

) Is Contingency
Conceptual Site Model Remedy Available?

Develop Remedial Compliance
 and Performance Objectives

" HRSC to Support Technology B
Selection and Design -

= HRSC for Remedy G
Optimization and Closure 8D o

Initiate Closeout (§ |
Process \§
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HRSC Guidance Purpose

Developing robust CSMs

* Incorporating site complexities = essential to
remedy design, implementation, optimization

Fill data gaps and fulfill site objectives

* Uses a combination of HRSC and standard
tools

HRSC tools are more available

* More tools = increased awareness of how site
condition heterogeneities and complexities
impact CSM development

HRSC tools can re-evaluate failed
remedies

* Lack of site understanding = remedies more
likely to fail
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Guidance Outline

=l Section 1: Introduction

=l Section 2: Building a Conceptual Site Model

 Elements of a Conceptual Site Model

=l Section 3: High Resolution Site Characterization Tools

« Definition and Description of HRSC Tools
« Conventional Tools Applied at High Resolution

Section 4: High Resolution Conceptual Model Role is Site

Life Cycle

« Definition of Site Life Cycle
« Utilizing HRSC Tools at each Step of the Site Life Cycle

==l Section 5: Implementing this HRSC Guidance and Tool

=1 Section 6: Demonstration Case Study

High-Resolution Site
Characterization
Guidance for
Groundwater
Restoration Sites

Prepared for the Air Force Civil Engineer Center
May 2023




Using the HRSC Guidance

TOOL SELECTION CRITERIA INPUTS

Step 1: Identify Site Characteristics (select one item per group)

Component of the CSM* Formation Type*
Aquifer Properties Unconsolidated -
Chemical Distribution Bedrock -

Chemical Attenuation

Step 2: Identify Type of Parameter/Data Required (multiple selections permitted)

Geology Hydrogeology Chemical Attenuation

Lithology Depth to Water Table LNAPL Biotic Degradation
Lithologic Contacts Water Content DNAPL Abiotic Degradation
Primary Porosity Hydraulic Conductivity Groundwater COC Concentration Sorption
Secondary Porosity: Fractures Preferential Flow Paths Geochemical Tracking Diffusion
Structural Faults Groundwater Discharge Soil COC Concentration
Competence Borehole Flow COC Flux

HRSC TOOL SELECTION HRSC TOOL SELECTION Borehole Condition

TABLE PROCESS Fracture Connectivity

Step 3: Identify Level of Data Quality (select at least one item)
Data Quality*
All

Screening-level
Qualitative
Semiquantitative
Quantitative

COMBINING HRSC TOOLS TO VISUALIZE
DEVELOP A HRSC DATA TOOL AND AND INTERPRET HRSC
COLLECTION PROGRAM CONVENTIONAL TOOLS DATA




Toc
Sur

“Tool Comparison
summary (10 page)

[surface Geophysics

Downhole
(Geophysics:
Hydrogeologic
Properties

ln itu Logging

Downhole
(Geophysics:
Hydraulic Properties

Isubsurface
[Contaminant
Profiling

at
|Conventional Taols*

Method/Tool Relative Cost Data Type/Data Quality Objectives
L34 Physical = geclogic structure (fractures ®  Radius of investigation near borehole Minimum borehole diameter of &
Dipmeter " 41.00-2.00 per and bedding planes) surface inches F4.3r accurate measurement ected
Refarencas foot Four downhole logs of resistivity andtwo | ™ Can only be used in open borehols 6 to of bedding planes and fractures s/No)
.E 1TRC 2015 " 52,500-5,000 caliper traces provides quantitative 20 inches in diameter in the saturated Under most conditions the acoustic les
per day* measurement of location and orientation one televiewer provides more accurate b
- USEPA 1993, of fractures and bedding planes ®  Used in both bedrock and measurements of fractures !es_
2004, 2016 unconsolidated soil/sediment; more Cannot be used concurrently with fes
®  williams 1990 accurate measuring bedding planes other probes fes
®  Logging rate 8 to 20 feet per minute fes
Induction Resistivity | ® 55 Physical = lithology and water content ®  Radius of investigation 30 inches Results are low resolution (as they fes
(Con_dul:ti'uil\f " 51.00-2.00 per Chemical — salinity ®  (Can be used in open or cased {PVC) are averaged over 1-2 meters) fes
logging) foot Downhole log of conductivity borehole 5 to 20 inches in diameter in Interferences due to metallic No_
References " 52,500-5,000 measurements provides semi-gquantitative the vadose and saturated zones minerals or objects No
® ITRC 2015 per day® information on lithology, salinity of ®  Used in both bedrock and Low signal and resolution in low NO—
" USEPA 1993, formation water, and water content unconsolidated soil/sediment conductivity environments NO—
2004, 2016 " Logging rate up to 60 feet per minute Cannot be used concurrently with —]
" Williams 1993 ® Mot sensitive to borehole diameter other probes No |
No
L Physical — water content (above water ®  Diameter of investigation 5 to 10 inches Quantitative measurements limited —
Nuclear Magnetic ®  51.50-3,00 per table) and porosity, grain size distribution, | ®  Can be used in open or cased (PVC) to unconsolidated sandy sediments NO_
Resonance (NMR) foot hydraulic conductivity (below water table) borehole 2 to 9 inches in diameter in and require other information to fes |
References & 42500~ 5,000 With confirmation samples lithology and the vadose and saturated rones. calibrate (e.g. slug or aguifer tests) No
®  Raker 2015 per day* geology can be determined B limited availability of a tool capable of Insensitive to individual fractures No
® |TRC 2015 Measurements of hydrogen provide a deployment in 2-inch borehales (porosity must be above 3 percent) No
" \yista Clara 2020 semi-guantitative downhole log of ®  Used in both bedrock and Mot widely used concurrently with les
= UsepA 1993, physical parameters unconsolidated soil/sediment other probes fes |
2004 ®  Logging rate 0.5 to 3 feet per minute r
®  NAPL identification in progress les
AgquaTrack Physical = groundwater flow paths, ®  Radijus of investigation dependent upon Mot widely commercially available, r
Magm‘at‘ometric " 558 lithology, geology, and structure survey configuration and electrode proprietary version AguaTrack —
Resistivity (MMR) " 5100,000 - Measurements of the magnetic field spacing available only through Willowstick fes |
References 300,00 per provide a qualitative 2-0 or 3-D map of ®  Can be used in open or cased (PVC) Technologies (es—
®  Asten 1988 survey groundwater flow paths, lithology, borehole in the vadose and saturated Results dependent upon the fes
®  ITRC 2015 geclogy, and structure ZONES electrical connectivity in the fes
" Willowstick ®  Used in both bedrack and subsurface fes
2016 unconsalidated soil/sediment Cannct be used concurrently with No
other probes r

St




Review
H Rs c Identify HRSCTools Develop a Compendium

. Selection list of HRSC and Information &
Characterization

. Table Conventional Remove HRSC
Objective

Decision S
P ro cess Incorporate

HRSC Tool(s) into work
control documents

Do tools
meet HRSC
data quality

objectives

(DQOs)?

Eliminate tools that do not meet DQOs,
cannot be applied at the site or
expertise is not available to the

project on needed timelines, and
that do not present the best value in
meeting characterization and DQOs

Does the
HRSC tool represent
the best value to
the project?

Can the
tools be applied
at the Site under site
specific conditions
within the target
I volume?
s
Conduct cost- expertise Verify project
benefit analysis available to team includes
of HRSC and Ll RSIC ol expertise to
: | and evaluate the imol p HRSC
conventiona data within implement
tools to meet required tool & evaluate
DQOS. timelines? the data




Demonstration Case Study

Air Force Plant 6




B0O4 Area History s

= Minor historic spills/
releases suspected

= 1983 Building B76 TCE | gt {
Sp'”, N13,OOO |bS \ Reteiition Basin 2

(Stormsewer Release)

~ Deactivated

* Entered storm sewer and } S
flowed to retention basin [§ -
* Suspected DNAPL AT

= Possible waste
oil/solvent disposal in
Landfill 2




Remedy: Permeable Reactive Barrier (PRB)

L

= Reduce onsite volatile organic afﬁi é%
compounds (VOC) mass so i 0 00 e 200

monitored natural attenuation
(MNA) results in offsite
compliance

= Cleanup to Groundwater
Protection Standards-MCLs

= PRB Treatment Objective: >300
ug/L TCE _‘

« 70% VOC mass flux reduction Retéiition Basin2 %
across the PRB to stabilize/shrink [ S

the offsite plume and support
MNA




B04 PRB Construction

= PRB trench

* 300 feet long and 2.5 feet
wide and up to 90 feet deep

= Backfill

 Backfilled with fine- to
medium-grained sand and
biopolymer

= |njection well installation

* Installed deep (9) and
shallow (10) saprolite
injection wells in the PRB
trench

* Installed 4 PWR injection
wells below the PRB
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Northwest

discovered in
PWR INJ wells

Distance in Feet

98,321 gal with 35,673 gal of 77,858 gal with
2.4% 3DMe® 1.7% bicarbonate 5.2% 3DMe® and
(oil, lactates, & solution bicarbonate
polylactates) * Four PRB INJ * Four PRB and one

* One PRB INJ well wells surfaced PWR INJ wells
surfaced. * Fouling surfaced.

9,766 gal with
*Three planned

surfaced and four

Southeast

* 794,526 gal with
2.4% 3DMe®

bioaugmentation
* Four PRB wells



B04 PRB Performance
- YVOC Mass Flux

= 3 up-and 3 down-gradient
clusters

= Upper, middle, and lower
saprolite

= 2007 baseline derived from a
regional hydraulic model
* Each well has a fixed cross-

sectional area and flow for all ~ PRNEEESE
measurements A v
e Concentration is the only

variable
* Only TCE is evaluated

Retention Basin 2
{SD00F)




B04 PRB - East TCE Mass Flux

4 Area Wells (Woll Code BOAxxx)
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B04 PRB - Central TCE Mass Flux
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B04 PRB - West TCE Mass Flux
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B04 Area PRB: Data Quality Objectives

Develop more accurate and appropriate volatile organic compound (VOC) mass flux estimates.

/\

K

Assess the TCE hotspot upgradient of the PRB near monitoring well 0B203CR and TCE
bypassing northwest of the PRB that could be affecting offsite monitoring results.

Assess the injected amendment distribution and causes of the observed surfacing and well
fouling within the PRB.



B0O4 Demonstration: Use of HRSC

Guidance Document and Tool




HRSC Guidance Tool Selections

Component of the CSM: Aquifer Properties

Step 1: Identify Site Characteristics (select one item per group) D | ; q iat
= evelop more accurate ana appropriate

Component of the CSM* Formation Type* . .
Aquifer Properties X Unconsolidated X VOlatlle organic Compound (VOC) mass flux
Chemical Distribution Bedrock estimates.
Chemical Attenuation * Hydraulic conductivity
Step 2: Identify Type of Parameter/Data Required (multiple selections permitted) * Groundwater flux
Geolo Hydrogeolo .
, — — = Assess the TCE hotspot upgradient of the
Lithology Depth to Water Table )
. ) PRB and TCE bypassing northwest of the
Lithologic Contacts Water Content PRB
Primary Porosity X Hydraulic Conductivity X )
Secondary Porosity: Fractures Preferential Flow Paths X * Hydraulic conductivity
Structural Faults Gro“;‘d:"’atler Discharge X = Assess the injected amendment distribution
Competence Borehole Flow - and causes of the observed surfacing and
Borehole Condition S well fouling within the PRB.
Fracture Connectivity

* Primary porosity
* Hydraulic conductivity
* Borehole condition



HRSC Guidance Tool Selections

Component of the CSM: Chemical Distribution

Step 1: Identify Site Characteristics (select one item per group) = Develop more accurate and appropriate volatile
Component of the CSM* Formation Type* organic compound (VOC) mass flux estimates.

Aquifer Properties Unconsolidated X e COC flux

Chemical Distribution X Bedrock

Chemical Attenuation = Assess the treatment zone extent.

Step 2: Identify Type of Parameter/Data Required (multiple selections permitted) Geochemical tracking

* Groundwater COC concentration

LNAPL = Characterize TCE degradation and conduct a mass
DNAPL balance with degradation by-products.
Groundwater COC Concentration X ¢ Groundwater COC concentration

Geochemical Tracking X '

Soil COC Concentration = Assess the TCE hotspot upgradient of the PRB and
COC Flux < TCE bypassing northwest of the PRB.

* Groundwater COC concentration

= Assess the injected amendment distribution and
causes of the observed surfacing and well fouling
within the PRB.

* Geochemical tracking



HRSC Guidance Tool Selections

Component of the CSM: Chemical Attenuation

Step 1: Identify Site Characteristics (select one item per group)

Component of the CSM*
Aquifer Properties
Chemical Distribution
Chemical Attenuation

Step 2: Identify Type of Parameter/Data Required (multiple selections permitted)

X

Formation Type*
Unconsolidated
Bedrock

Chemical Attenuation

Biotic Degradation
Abiotic Degradation
Sorption

Diffusion

X

Develop more accurate and
appropriate volatile organic
compound (VOC) mass flux estimates.

* Biotic degradation

Assess the treatment zone extent.
* Biotic degradation
Characterize TCE degradation and

conduct a mass balance with
degradation by-products.

* Biotic degradation



Output Evaluation

= Tools were eliminated based on
availability or site-specific
characteristics

= Remaining tools selected for
technical and cost-benefit analysis

= Tools with multiple data quality
objective capabilities were
prioritized

= Add-on tools included if
complementary to the primary
tool (i.e., downhole geophysical
suites)

Review
Compendium
Information &
Remove HRSC

Tools Based
on Availability

HRSC Tools Develop a

Selection list of HRSC and
Table Conventional

Screening Tools

Identify
Characterization
Objective

Incorporate
HRSCTool(s) into work
control documents

Eliminate tools that do not meet DQOs,
Does the cannot be applied at the site or
HRSC tool represent expertise is not available to the
the best value to project on needed timelines, and
the project? that do not present the best value in
meeting characterization and DQOs

Conduct cost- expertise Verify project
benefit analysis Blallableto team includes
of HRSC}and - and e . expertise to
conventional ithi implement HRSC
tools to meet require tool & evaluate
DQOs. imelines? the data

Do tools
meet HRSC
data quality
objectives

tools be applied
at the Site under site




HRSC Tool Elimination

Data Quality Objective

HRSC Tool Category  HRSC Tool Selections Improve VOC mass Assess Characterize Assess TCE Assess PRB

flux estimates Treatment Zone  TCE degradation  bypassing the PRB Condition

Surface Geophysics

Electrical Resistivity Tomagraphy (ERT) X ¥
M agnetometric Resistivity |MWE] I W
Optical Televiewer X
Dawnkole Resistivity "
Geophysics Gamma-garmma [density) b X
Hydrogeologic Meutran (porosity) . X
Properties Muclear Magnetic Resonance {KMR) X X X
Acoustic Televiewesr X

Hydraulic Profiling Toal {1PT) 1 ] ] x| x|

In St LOggIing

Electrical Conductivity [EC) /| ] | X |

Downhole
Geoaphysics
Hydraulic Properties

Wembrane Interface Probe (MIP) 1 - ] ] x| |

Passive Flux meters
Cuantitative Palymerase Chain Seaction {gPCR)

Subsurface COC
Prafiling

Attenuation

Groundwater Samoling X X X X X
Canventional Tools Well Video Logging X
Slug Testing ¥




Output Evaluation and Cost Comparison

Electrical Resistivity Tomography (ERT) 5 45,6956
Magnetometric Resistivity (MMR) 5 35,666
Geophysics: NMR, Neutron, Gamma, Density, Induction Well Logging S 50,549
MiHPT Borehole Logging (HPT, EC, MIP) S 47,171
Utility Locate for MiHPT S 1,500
Molecular-QuantArray-Chlor analysis (qPCR) S 8,2501
Compound Specific Isotope Analysis- Carbon (PCE, TCE, cis-DCE, VC, ethene, ethane) | S 6,750?
Additional Groundwater Sample Analytes (VOCs, anions, nitrate/nitrite, S 2,5001?
dissolved gases, TOC, and ferrous iron)

Passive Flux Meters S 34,524

Total $151,244
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D I re ct P u s h I n s It u %9 8 (Sampler Length: 5 Feet) g a8l isrjml‘ao::v I‘D )J o, e )
Clayey SILT (ML), brown and gray, stiff, low plasticity,
moist
B 366
= Membrane Interface Probe (MIP) !
ML al | 120

— COC Concentration
* XSD — detector for TCE 1409

* PID — detector for volatiles = [
SM |ISilty gravelly SAND (SM), red-brown, poorly graded I
* FID — detector for petroleum w M el 1 [f 5
hydrocarbons 11 su

Silty SAND (SM) red-brown, well graded fine to coarse

. .« . i sand, trace fine gravel, loose, saturated, DNAPL 2904
= Electrical Conductivity (EC) — [ presén, (6%, 55%, 40%) i | e
. GM :
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| It h O | Ogy 1_: coarse sub-angular gravel with sand (30%) and silt
. . (15%), very dense, wet, (55%, 30%, 15%)
| —_
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. . . . I saturated (5%, 55%, 40%), possibly slough. | 9375
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I / 7 ] sp | SAND with sitt and gravel (SP-SM), brown, poorly 3315 5
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4 : [
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:f e M| GW | medium fine to coarse sub-angular gravel with medium Lo T * @
GM | sand, dense, wet, (55%, 35%, 10%). 104
.
GM | g itty, (55%, 25%, 20%). i
< ecomes silty, .
- Figure 2-4

T Locations
a and Site OT015
MU 19/SWMU 28)
Building BO4 Areas
, Marietta, Georgia

SP

” SM | SAND with silt (SP-SM), brown, poorly graded medium ‘
sand, trace fine gravel, very dense, moist-wet (5%, SU%./

15%).

263

T
50 100
EC (mSim)

Refusal at 28 feet. Backfilled with cement-bentonite
grout.




Downhole Geophysics

= Nuclear Magnetic Resonance (NMR)
<
H H South Cobb Drive
* Provides water content (in vadose zone) and
porosity and hydraulic conductivity (in
saturated zone)
* Requires site-specific measurementsfor | __——— - T
i an T e RS (110 Ft)
calibraton e -
=i (43 Ft) B04691 e
m D t N t R H t t L H B04703 VL B04695 ('3%«23? (5 Ft.) ("éT )
ensity, Neutron, Resistivity Logging s T
B04723 04724 B04726
* Provides lithology (approximate grain size aoiris MO | O05F) Bk tr)
y (955Ft)  “BO4706 VL (53 Ft)
i 0B203CR VL (35 Ft) :
and porosity) Bor) s g
T, Distribution Permeability Water Content B-122
10 Mobil Retention Basin 2
=2k~ Mobile water (SD005) Scale in Feot
15 High permeability
0 20 40 60 80
20 < Bound water B04 Area Wells @ Full Geophysical Suite (9 Locations) ® Full Geophysical Suite
Low permeability Saprolite Monitoring Well Nuclear Magnetic Resonance (NMR) Less NMR (6 Locations)
& Mass Flux Monitoring Well Cluster gatn:rlaldGa[mmaC ductivit VL Video Log (8 Locations) . 5
<l Capillary water Saprolite Injection Well Cluster SS:WFC;EE?:S": ey Value in parentheses is well total depth in feet : B Flgure- 23
= » P —— X Partially Weathered Rock Injection Well Thermal Neutron below ground surface. Geophysical Logging Locations
*:gg‘ 5 Low permeability — * Logaing tool could not be installed to full depth. ~ |RP Site S5009 — TCE Spill Area and Site OT015
g A CDM acrforce Plant6 Boundary Permeatle Reacive Bamer (PRE) ____StomSewer g 876 and Buiding 804 Aroce
o I Mobile water Smith Reported PRB Collapse Area AFP 6 North Campus, Marietta, Georgia
e g | “e High permeability
e sa
K [m/day] Volumetric Water [%)]

Relative pore size distribution




Sampling for Attenuation Parameters and

Passive Fluxmeter

= Passive Fluxmeter

* Provides hydraulic conductivity, COC
groundwater concentration, groundwater
flux, and COC flux

= Quantitative polymerase chain reaction
(gPCR) by QuantArray®-Chlor

* Quantifies specific microorganisms and
functional genes to evaluate anaerobic
dechlorination and aerobic cometabolism

* Samples collected during conventional
groundwater sampling

= Compound Specific Isotopic Analysis (CSIA)
* TCE degradation

South Cobb Drive

B04699 (60 Ft)
&£ Boa700 (35 F1)

= B04696 (50 Ft.)
_____ B04693 (45 Ft.) @
- gx;gg ‘:; E:) @BMSM {70FC) gg:ggz g: l'::; g
{72 L) B04695 (95 Ft.) .

B04712 (53 Ft.)
B04713 (82 Ft.

B04721 (98 Ft.) BO4706 (35 Ft.)

B04707 (68 Ft.)

B04681 (52 Ft.)
B04682 (77 Ft.)
B04683 {100 Ft,)

B-122

Retention Basin 2
(SD005)

Scale in Feet

0 20 40 60 80

@ Groundwater Well Sampled
@ Planned Well Not Sampled

Value in parentheses is well fotal depth in
feet below ground surface.

B04 Area Wells
Saprolite Monitoring Well Fassive_Fqu Meter Testing
Mass Flux Monitoring Well Cluster (3 Locations, & depths)
Saprolite Injection Well Cluster

x Partially Weathered Rock Injection Well

Figure 2-5:
Groundwater Sampling Locations
IRP Site $S009 — TCE Spill Area and Site OT015

R . - Building 58 (SWMU 19/SWMU 28)
yai Cbm Air Force Plant 6 Boundary Permeable Reactive Barrier (PRE) Storm Sewer, Building B76 and Building BO4 Areas
Sm |th Reported PRB Collapse Area AFP 6 North Campus, Marietta, Georgia

o



Conventional Tools

= Synoptic water elevations: detailed potentiometric
surface mapping

= Groundwater sampling
* VOC profiling
* Geochemical conditions
= Slug testing: estimate hydraulic conductivity

Video logging of wells




Selection Process

I Building a HR-CSM from the Tool




Potentiometric Surface

Significant upward vertical gradient (0.11-
0.12) between deep saprolite/PWR and
intermediate saprolite

32

‘Overburden Monitoring Well Well ID
Residiuum Soil Well Water Elevation (ft ams)
Partially Weathered (bed)Rock Oil Thickness (feet)
Injection Well

Injection Well in Trench

Nested Injection Well in Trench

Groundwater Contour ~ Permeable Reactive Barrier ~ /\  Oil Present at Well

Reported PRB Collapse Area

Figure 4-6a
Potentiometric Surface Map

Shallow/Intermediate Saprolite
IRP Site 5009 - TCE Spill Area and Site OT015
Building 58 (SWMU 19/SWMU 28)

Building B76 and Building B04 Areas

AFP 6 North Campus, Marietta, Georgia

Overburden Monitoring Well Well ID
Residiuum Soil Well Water Elevation (ft amsl)
Partially Weathered (bed)Rock ORThickiess, (jHet).
Injection Well

Injection Well in Trench

Nested Injection Wellin Trench

Groundwater Contour ~ Permeable Reactive Barrier /% Oil Present at Well

Reported PRB Collapse Area

Figure 4-6b

Potentiometric Surface Map
Deep Saprolite/PWR

IRP Site SS009 - TCE Spill Area and Site OT015
Building 58 (SWMU 19/SWMU 28)

Building B76 and Building B04 Areas
AFP 6 North Campus, Marietta, Georgia




Attenuation Capacity

®oe® Spill Site Ground Surface 4._
Abiotic Path L i = W
Anaerobic Path .
o Dehalococcoides (DHC) Source Area v WaterTable
one metabolism, but typicaly only - =
one type i acive a1 ime) s Dehalogenimonas (DHG) GiiidiEtEr v
Se=e(,
L TCE »
L — Receptor
j—
o .0 ot 0 Redox conditions: . Fatiy Fai2
rar VDG ot 2-DCE B Methanogenesis Y.
W Sulfate reduction ; -
[ Iron reduction MnO, — Mn
A Manganese reduction 0,—H,0
Nitrate redUCION et e es e e em s enens s e em s e eme s ee e er e »
AR Aerobic Attenuation Zone -
ACM, ADM
Anaerobic
Chemicals of | Reductive Anaerobic Aerobic
a4 P g r Concern Dechlorination | Cometabolism Cometabolism Aerobic Oxidation
=0=0 ANDM =0=
Co, Ethene o, a
Chlorinated PCE, TCE,DCE, PCE, TCE, DCE,
ACM  Aerobic Cometabolism 1,1-DCE  1-1-Dichloroethene Ethenes Ve - Ve ) TCE, DCE, Ve DCE, Ve
ADM Aerobic Direct Metabolism cis-1,2-DCE cis-1,2-Dichloroethene
ioti -Eliminati CO, Carbon Dioxide
"aE Beatimnaion PCE. Tavachicroens HCA, PCA, HCA, PCA,
i il i ioti richloroethene ]
RO Reductive Dechlorination (Blatic) trans-1,2-DCE trgns-1,2»pichloroethene Ch|0l‘lnated TGCA, TCA, DCA, TeCA, TCA, DCA,
el Cthanes CA CA TCA, DCA, CA DCA, CA
Conceptual Model for Aerobic and Anaerobic Degradation
com . B b isnbusiiurisowllll PCE: tetrachloroethene, TCE: trichloroethene, VC: vinyl chloride, HCA: hexachloroethane, PCA: pentachloroethane, TeCA: tetrachloroethane, TCA:
Smith e b el ol trichloroethane, DCA: dichloroethane, CA: chloroethane, CT: carbon tetrachloride, CF: chloroform, DCM: dichloromethane, CM: chloromethane
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Geochemistry and Microbial Results

Table 4-5
Summary of Microbial Results

Lecation 1D X BO4682 9 804695 BOAGY BO: 804698 470 804707 BO4651
Sample Date 7/29/2020 7/30/2020 7/20/2020 7/29/2020 7/29/2020 7/30/2020 5/20/2020
Microblal Population o cellsfml ! cellsfml cellsfmL o cells/mL cellsfmL
pCE and TCE-
Dehalogenating Bacteria®
[penalococcoides (DHC),
DHC Functional Genes 1.50E+00 4176401 5.7BEHD1
[(tces, bvch, vera)
Dehaiogenimonas spp.,
Functional genes [TDR and 1.38E+01 2896402 LA3EH2
cer Reductase)

REmI:!I( {co)Metabalic SOE+01
Functional Genes®

2336401 2.98E+01

4.B4E+01 7.00E+00 3.55E401 1B7E+02

5.01E+01 4 B3E+01 A

4.66EHIZ

Possible Degradative Anaerobic Anaerobic Anaerobic
Mechanisn Based on (Incomplete) Anaerobic Anaerabic Anaerobic Anaerobic (incomplete] | (incomplete)
Microbial Evidencet Aerobic [incomplete} Aerchic Aerohic

Aerobic Aerobic Arrohic Aerohic

L" "_ (methanogenlc) i > e PCE Reductase (PCE-1 and PCE-2}

A SMMO, TOD, PHE, TCBO, RDEG, ROM, EtnC, EtnE, DCMA.

* Low-moderate TCE :
Low DHC and

1.00EHZ o LOOEHI3 | moderate imicrobe may be metabolically active), 107 to 10" cells/mlL
LO0E+0Z low (microbe likely not metabolically activel, less than 10° cells/mL

- results not detected

H H h P E T E g cellfmL - cells per milliliter
Ig - DEMA - Dichloromethane Dehalogenase - ! !
EtnC - Ethene Monooxygenase Spill Site Ground Surface

EtnE - Epowyalkane Transferase

dehalogenating and L SR

PHE - Phenal Hydroxylase

RDEG - Toluene Monooiygenase 2
D H G AMO - Toluene Monooxygenase
MM - Soluble Methane Monooxygenase.
TCBO - Trichlorobenzene Diexygenase

Hlng,h aerobic TOD - Toluene Dioxygenase

Source Area v Water Table

Groundwater Flow
——p

— Receptor

Redox conditions:
i Figure 4-3b Ml Methanogenesis
cometaballc In deep Redox Conditions and I sulfate reduction B NO; — N2
i - I Iron reduction .,
Manganese reduction 0,—H,0

]
Sa prOIIte IRP Site SS008 - TCE Spill Area and Site OT015 Nitrate reduction
& and incemplete) Building 58 (SWMU 19/SWNML 28) Aerobic

Anagrobic degr: ion (complele and incomplete) and Bullding B76 and E!quing B04 Areas
< ic cu-mglbu\ism P AFP 6 Morth Campus, Marietta, Georgia

Attenuation Zone

Asrobi
=3 Mo microbial gvidence of degradation

Reported PRB Collapse Area




CSIA Results

= Stable isotopes of carbon (C'3/C!2) analyzed
Use Rayleigh model : [
813C =In(C/Cy)*c + 513C, ’

= Biodegradation occurring at the Site

slower in the

:\g- /
2 o505
% 2 0304593 R?=0.98
(=]
60 Scenario 1 i
| degradation processes E e e e e sl \
50F * § o n WE O
2 = . a AW e Bossaz
T HE T . ¢ Scenario 2 g s N
Q ’g 40" degradation processes < 2
Sfo | ¢ .
- ® 30 & Scenario 3
20”° . No fractionation for L : : : J : : : :
& . dilution or adsorption Ln TCE (pg/L)
g 207 . .
= [ ¢ P € Ex le of i . ich duri Figure 4-£
10 b4 ampie o ISOtOpIc enrichment u"ng Trichloroethene Carbon Isotope F\‘_ayleih
1 10 100 contaminant degradation Ganbsisicin Rio!

Concentration (ug/L)

IRP Site SS009 - TCE Spill Area and Site OT015
Building 58 (SWMU 19/SWMU 28)




CSIA Results

| e~

B04703 (72 Ft.)

B04721 (98 Ft.)

B04681 (52 Ft.)
B04682 (77 Ft.)
B04683 (100 Ft.)

Retention Basin 2

South Cobb Drive

B04706 (35 Ft.)
B04707 (68 Ft.)

(SD005)

BO4696 (50 Ft.)
BO04697 (75 Ft.)
BO04698 (98 Ft.)

®

B04712 (53 Ft.)
BO04713 (82 Ft.

B04699 (60 Ft.)
%% B04700 (85 Ft)
B04701 (110 Ft,)

B-122

Scale in Feet

0 20 40 60 80

Figure 2-5:

Groundwater Sampling Locations
IRP Site 88009 — TCE Spill Area and Site OT015
Building 58 (SWMU 19/SWMU 28)

Building B76 and Building B04 Areas
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Table 4-7
Summary of Compound Specific Isotope Analysis Degradation Processes and Rates
0 0 ocatio 0 3 e ara eepage ave
BO4682 B04694 Intermediate Saprolite 19 0.0935 1.6 0.748 25 12 25
BO4683 BD4695 Deep Saprolite/PWR 19 0.0258 2 0.258 74 124 906
BO4682 B04697 Intermediate Saprolite 19 0.0935 1.6 0.748 25 Ei A
BO4GE3 BO4698 Deep Saprolite/PWR 19 0.0258 2 0.258 74 37 271
MNotes:

%0 = per mil
] g



Integrating Data Sets: 3D Visualization @

A variety of 3D visualization
tools are available:

= Seequent’s Leapfrog Works
= C Tech’s EVS-Studio

= Rockworks

= ESRI ArcScene/3-D Analyst
= EarthVision

= GMS




3D VA CSM: Geology

Original CSM Quickly incorporate existing data into 3DVA CSM

Incorporate borehole stratigraphic
observations and revise contacts
based on nearby observations



HR-CSM: Hydraulic Conductivity

Slug Estimated Horizontal Hydraulic NMR- Estimated Horizontal Hydraulic
Conduclwlty (K) Interpolatlon Conductwlty (K) Interpolatlon

HPT- Estimated Horizontal Hydraulic Integrated HPT- and NMR- Estimated Horizontal
Conductivity (K) Interpolation Hydraulic Conductivity [K) Interpolatlon




Integrating Data Sets: 3DVA - Hydrogeology

Original CSM High Res CSM: Slug Test + NMR + HPT = Final HRCSM




HR-CSM: Upgradient Mass Flux & Discharge

HPT and NMR Estimated Horizontal Eslimated VOC

Hydraulic Conductivity Interpolation K (feet/day) Concentration (pgiL) VOC Concentration Interpolation
S ELAGA] BAGE: mihptl miihy
ks - ., il 105 T

e o
= et

e

Groundwater Specific
Discharge Interpolation
mihpt11

VOC Mass Flux Interpolation

mihptil

VOC Mass Flux
q (feet/day) (gt day)

Gradient 0.0935 ft/day
across transect )

Gradient 0,0258 fiday
acroes transect




Integrating Data Sets: 3DVA - Contaminants

Original CSM - Wells High Res CSM: Wells + MIP = Final HRCSM




HR-CSM: Downgradient Mass Flux & Discharge

HPT and NMR Estimated Horizontal
Hydraulic Conductivity Interpolation

mliFE EeEs EX 653

Groundwater Specific
Discharge Interpolation

T

No flow across
fransect

Gradient 0.0935 fi'day
— across transect

Gradient 0.0258
across transect

K (feet/day)

Areas of High VOC Flux Across PRB

Estimated VOC
Concentration (paflL)

TCE Mass Flux
(g/ft'/day)

VOC Concentration Interpolation

VOC Mass Flux Interpolation

B4 599,

B Mass Discharge- 39 g/day




Integrating Data Sets: 3DVA - Mass
Flux/Discharge

High Res CSM: Estlmated permeability + Contaminant Distribution =
Mass Flux/Discharge

Original CSM




Using HR-CSM and 3D Model -
Remedial Alternatives

TCE> 1000 ug/L

Possible injection
well locations - 65,
75, 85 ft bgs




HRSC diaghosed causes of surfacing and
well fouling within the PRB.

 Excessive oil observed at the downgradient wells
-PRB collapse and preferential pathways.

* Well-fouling was significant

* HPT and downhole density, natural gamma, and
neutron logs for wells within the PRB were
reviewed to evaluate lower hydraulic
conductivity and/or porosity areas.

* There were no evident areas of reduced
hydraulic conductivity or porosity within the
PRB, suggesting that fouling limited the well
sand pack.




Conclusions

= HRSC Guidance Process identified a broader B eccntion SIS

suite of tools to consider, and a more Eharactertzation
comprehensive characterization program was | Groundwater A ﬁ )
developed. B e . P

= HRSC
* Improved VOC extent and mass flux estimates

* Diagnosed TCE bypassing northwest and beneath the
PRB

* Verified biotic TCE degradation was slower along
flow paths not impacted by the PRB

= Diagnosed inefficiencies in the PRB injection
system.




Guidance Document and Tools
Selection Table Release: May
2023

e machethtw@cdmsmith.com

Questions? AFCEC Contacts
Jeffrey Davis, Ph.D.

jeffrey.davis.90@us.af.m
il

Kent Glover, Ph.D.
kent.glover@us.af.mil
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