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Complex Sites

Remediation Management
of Complex Sites: Tools
and Approaches to
Reduce Uncertainty

Federal Remediation Technologies
Roundtable (FRTR)
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Anna Willott, P.E., ITRC Diroctor
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Q9. Percentage of remediation
sites that are complex
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Complex Sites

Q9. Percentage of remediation
sites that are complex

Who do you represent?

= 559% have direct
experience with 6 or
more complex sites

* 46% have 15+ years

of experience working
on complex sites
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Back Diffusion
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Introduction

Back Diffusion

Remediate Transmissive Zones
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Back Diffusion
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Managing Complex Sites
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Managing Complex Sites
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Introduction

Actionable Data
|

Definition: ANY data co((ectxovx
activity specnﬁca Y

(avw\e to define project

direction
Sutherson et al (2015)

-“‘.‘"' ﬂ
- High Precmoﬂ

Low Accuracy

Example:

WW‘
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7o
= Less Precision
High Accuracy
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Actionable Data

Fail Small/Win Big

Definition: Actionable data that defines
efficacy and/or mechanism of
contemplated treatment
strategy, performed using site
media at sub full-scale often
consisting of:

- Bench Testing
In Situ Microcosms
« Pilot Testing
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Site Background
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Site Background

Site Background

—_— =
Manufacturing facility since 1961 Fractured Sandstone Matyix
— Gas values = Relatively high primary
— Metals processing — melt/re- porosity
melt, die casting, tapping ~ High flow fractures
= Solvents, degreasers, cutting (secondary porosity
oils ~ Back diffusion from

primary matrix likely

Contaminants
— TCE (2 10,000 ug/l)
~ 1,1,2-TCA (2 250 ug/l)
5 — Some daughters

Site Characteristics
— Source on top of hill

— Dissolved F;to(uw\e extends
= 1500 ft to a gaining stream

Remediation/Mitigation
— Vadose zone excavated
= VI intrusion mitigation
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Site Background

Site Background

VI Mitigation Systems

Excavated Source Areas (red)‘ .

Pilot Test Area
VI Mitigation System

16

120-Foot Scale
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Site Background
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Pre-Design Studies

MEMO

TO:

Arkansas Project Team

FROM: Michael Brown, Ph.D.

SUBJECT: Pre-Design Studies

DATE: January 10, 2016

The scope of work (SOW) for the Arkansas project predesign
study includes installing a series of bedrock monitoring
wells to support the following investigation components:

Geophysical logging (natural gamma radiation, optical
televiewer, and three-arm caliper)

Pumping tests (step drawdown, constant rate, and
recovery)

Pilot test: bioremediation plus biogeochemical
reductive transformation

Dye tracer test (to be conducted with pilot test)

Performance monitoring for a period of one year to
include advanced diagnostics to assess contaminant
degradation and degradation mechanism



Site Background

Pre-Design Studies

— Install more wells

- E?rforgvxt a Dilot
umeStop Pilo
MEMO Test 4
TO: ar— 3-month
 performance
FROM: Mimonitorin

SUBJECT: PFE‘ U\;Jl&ll [EARELE LW
DATE: January 10, 2016

The scope of work (SOW) for the Arkansas project predesign
study includes installing a series of bedrock monitoring
wells to support the following investigation components:

18 » Geophysical logging (natural gamma radiation, optical
televiewer, and three-arm caliper)

s Pumping tests (step drawdown, constant rate, and
recovery)

 Pilot test: bioremediation plus biogeochemical
reductive transformation

s Dye tracer test (to be conducted with pilot test)

s Performance monitoring for a period of one year to
include advanced diagnostics to assess contaminant
degradation and degradation mechanism
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Site Background

Site Layout
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Site Background

Site Layout
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2016 Pilot Test

2016 Pilot Test Goals| ™S

Site-Specific Characteristics of Ideal Amendment

« Applicable for site contaminants

Easy to deliver through limited
aperture size fractures

« Long lasting to manage back
diffusion from sandstone

21
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2016 Pilot Test

2016 Pilot Test Goals| ™G

B =
Amendment Assessment Matrix
amendment y/n note
Following
PlumeStop Technology
Oxidant NO |limited longevity
: o limited ROI
ZVI plus bio clog fractures
divert plume
22 )
nano- ZVI no | Agglomeration?
. Yes
bio but Lots of buts
Biogeochemical | Yes
- Lots of but
Reduction but | o o174
) ) Lots of
Bio + biogeochem| Yes | beneficial
synergies
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2016 Pilot Test

Biogeochemical Reduction |
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2016 Pilot Test

Biogeochemical Reduction
R R

Engineering Biogenic Iron Sulfide

( l) lron Reduction

Fe>* + organic matter — Fe?* + H,0 + CO,

(2) Sulfate Reduction

SO.?" + organic matter - S>~ + H,0 + CO,
24

(3) Iron Sulfide Precipitation

HS- + Fe?* — FeS + H*

) y )
LB g

Addition of sulfate to form FeS to treat
chlorinated VOCs (s a Patented Process:
« Kennedy - US Patent Off. #6,884,352 B1

« Contact Jim Studer of InfraSur

. JStuder@nfraSUR-LLC.com
\\ \ I ) . 505-858-3136



2016 Pilot Test

Synergies RN e e

Biotic and Fe-based Abiotic Reductive
Pathways are Compatible & Complementary

* Fervic iron inhibition disproven
— Wei and Finneran Sci. Technol., 2011, 45 (17)

« Fe Reduces Dehalococcoides (DHC)
inhibition
— Sulfide (precipitates with ferrous iron)
— Abiotic treatment of 1,1 ,1trichlorethane
— lron reducers supply vitamin B12

*  Some reduced minerals are not very
25 reactive with dichloroethene —
biodegradation can manage

*  Generally, fermentable donors have a
higher delivery efficiency than zero
valent iron (ZVI) which results in a
greater radius of influence (ROI)

 Lower redox potentials

*  Minimize surface pacification

«  Extend treatment longevity and
manage rebound

\\‘\I)



2016 Pilot Test

Synergies N e

—

Groundwater > Biotic and Fe-based Abiotic Reductive

qOﬂ|t0r|ng&Rede\at\0n Pathways are Compatible & Complementary

Aonsd Grpend Wote * Fervic iron inhibition disproven
\ ‘! ' / — Wei and Finneran Sci. Technol., 2011, 45 (17)
~all / 1 1? ! i '

* Fe Reduces Dehalococcoides (DHC)
inhibition
— Sulfide (precipitates with ferrous iron)
— Abiotic treatment of 1,1 ,1trichlorethane
— lron reducers supply vitamin B12

*  Some reduced minerals are not very
reactive with dichloroethene —
biodegradation can manage

| «  Generally, fermentable donors have a
- N . . o .
Thinking Outside the higher delivery efficiency than zero

. Eftective & . . .
Boxcar: ELae armbined valent iron (ZVI) which results in a

Remedies | PA2 greater radius of influence (ROI)

! Total Dissolved Gas

Pressure Measuremen\s

e E for Assess‘m‘g
o . Contaminan ‘ . = |
%mgmmn | *  Minimize surface pacification

M processes /

+ Lower redox potentials

«  Extend treatment longevity and
manage rebound



2016 Pilot Test

TCE Degradation Pathways

Biotic and Abiotic Degradation

Biotic Reductive Dechlorination

cis-DCE Ethene

e e

TCE Low Product Recovery

27

Ethane

Abiotic
— Acetylene
/’ Ethene
FeS

C, to C; compounds

microbialinsights
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2016 Pilot Test

TCA Degradation Pathways

Biotic and Abiotic Degradation

Biotic Reductive Dechlorination
1,1,1-TCA 1,1-DCA

oo = offe o3

28 1,1,1-TCA
Low Product Recovery

Abiotic
1,1-DCA
Slow /" Ethene

2-butyne
1,1-DCE + Acetic Acid

mucrobialinsights
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2016 Pilot Test

Degradation Mechanism Identification

>VOC,, — ZVOC,,

abiotic

SVOC,,

29

where 2VOC, = TCE + DCE + VC + Ethene + Ethane

Biotic i i Abiotic
f 0 f 1

abiotic = abiotic =
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2016 Pilot Test
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Degradation Mechanism Identification

( 3.5 years of data from a Bedrock Treatment Site in Missouri)

Average (n=8) Normalized Total CvOC Molar

Concentration

Total CVOC Moler Conc. and f,;.;c Trends

® Total CVOCs @ fabiotic
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2016 Pilot Test
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2016 Pilot Test

2016 Pilot Test Layout

2016 Pilot Test
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2016 Pilot Test

2016 Pilot Test Layout
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2016 Pilot Test

2016 Pilot Test Amendment

=
Amendment Design Assumptions
. - Tracer
Treatment Area Characteristics: ~ Eosine was added
— ROI: 80 ft l’-::’-‘:gg%i?tely before the
— Saturated Thickness: 15 feet LIE j
— Fracture Aperture: 2.7% ,'Mﬁ(&';ejf;é'g/ W“;tadded
— Mobile Porosity: 0.7% WiEELIgn [ TP Hegd the
34 D@”V@Vy
— Average 5
Amendments (5,000 gal) —~ No l'ssges Vitd

— Sulfate

— CRS (Fe?*, fermentable C)

— HRC Primer (fermentable C)
— 3DMe (fermentable C)

— Sodium Bicarbonate (buffer)
— Micro Nutrients (N, P)

— BDI Plus

\\‘\I)




2016 Pilot Test

Performance Monitoring Plan

(baseline plus four quarterly sampling events)

* VOCs * Field Measurements « gPCR
— Parents — ORP, DO — Dehalococcoides
— Daughters - pH — tceA
. « Dissolved Gases - Etc. — bvcA and vcrA
— Ethene * Nitrate - geZa;obaater
— Dehalogenimonas
— Acetylene  Ferrous Iron c ng o
. DOC . * Compound Specific
Manganese Isotope Analysis (CSIA)
* Tracer dyes * Sulfate & Sulfide
* Methane
e Alkalinity

\\‘\I)



2016 Pilot Test

Tracer Study

36
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2016 Pilot Test

Geochemistry - Heat Map

Well: OWwW-2 Oow-1 Iw-1 OWw-3 ow-4 MW-07-32 MW-13-28
37 Gradient Orientation: up up cross cross down down
Distance: inj 20 ft 30 ft 50 ft 65 ft 80 ft 320 ft

Parameter

Field Parameters
pH (standard units)
Specific Conductance (uS/cm)
DO (mg/l)
ORP (mV)

Inorganics (mg/l)
Nitrate
Sulfate
Sulfide
Divalent Manganese
Ferrous Iron
Alkalinity (mg CaCO3/l)

WS I ) pOC (mg/1)

e
-

?




2016 Pilot Test

CVOCs

Total CVOCs Trends
18,000
Amendment
16,000 Injection
= 14,000
S~
%
= 12,000 —o—MW-07-32
38 g
S 10,000 —-—MW-13-28
o ——W-1
T 8,000
g —+ OW-1
S 6,000 \ 4 T—
3 4,000 —-0wW-3
g ¢ i\\_\\\ \ \ —a—OW-4
C 000 e -t
0 st — —xmI__,

\\ \ ) 1/2016 4/2016 7/2016 10/2016 1/2017 4/2017 7/2017
I Time



2016 Pilot Test

CVOCs

Total CVOCs Trends
18,000
Amendment
16,000 Injection
— 14,000
S~
%
= 12,000 —e—MW-07-32
39 g
E .~ —a—|W-1
T 8,000
v ——OW-1
Q OW-2
S 6,000 ——0W-2
8 --0W-3
o 4000 N
4 : ——0W-4
E OW-4
0 P e

\\ \ ) 1/2016 4/2016 7/2016 10/2016 1/2017 4/2017 7/2017
I Time



2016 Pilot Test

CVOCs

Total CVOCs Trends
18,000
Amendment
16,000 Injection
= 14,000
Y
5
L0 ‘c’ 12,000 Distance
K= from OW-2
= 10,000 —--MW-07-32 | 80 ft
S
T 8,000 —--MW-13-28 | 320 ft
Q
g —o—|W-1 30 ft
S 6,000
S —+-OW-1 20 ft
8 4,000
>
“ 2000
0
1/2016 4/2016 7/2016 10/2016 1/2017 4/2017 7/2017

\\\I) Time



2016 Pilot Test

Mole Fractions

A Dirawn By: Checked: B 0601 20T DG Mame:
ETE DBfE2iamT Approved:  JE 06/ME0MT nean [
ow-1 IW-1 MW.07-32 MW-13-23
(20 ft ypgradient) (30 ft Upgradient) 80 ft downgradient (320 ft downgradient)
e 16,000
E
i
w
SEC - 14,000
BZ2 o
S
I 12,[“]}
L
210,000 |
o
: @
o)
25 % 8,000 ’
3Q
o 0 =
41 33 k: AN
22 | 4 6,000
i \ d
D = c
8|3 ()
5 o ] 4,000 ‘\
3 S
o |
>
3% 2,000 L &
0
B R1 R2 R3 B R1 R2 R3 B R1 R2 R3 B R1 R2 R3
LEGEND: NOTES:
E's TCE N, AMMENDMENT ADDED JULY, 2016

™. B = BASELINE SAMPLE PRIOR TO TREATMENT MARCH, 2016; R1 = OCTOBER, 2016;

R2 = JANUARY, 2017; R3 = May, 2017
"3 g/l =MICROGRAMS PER LITER; E's = TOTAL ETHENE/ETHANES; TCE = TOTAL TRICHLOROETHENE-ANE:

\ \ \ ) Wl DCE DCE = TOTAL DICHLOROETHENE-ANE; CVL = TOTAL VINAL CHLORIDE.
"s. WHEN A COMPOUND WAS NOT DETECTED ABOVE THE LABORATORY REPORTING LIMIT, A CONCENTRATION

OF ZERD WAS ENTERED INTO THE TOTAL.
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Mole Fractions
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W OCE

A Dirawn By: Checked: B 0601 20T DG Mame:
ETE DBfE2iamT Approved:  JE 06/ME0MT nean [
ow-A1 1W-1 MW-07-32 MW-13-23
(20 ft ypgradient) (30 ft Upgradient) 80 ft downgradient (320 ft downgradient)
= 16,000
=
52
g kS z
282 | 14000
== S -
g S
I 12,[“]}
L
210,000 |
o
: @
o)
25 % 8,000 ’
3@
3 3
28] |® N\
% g 7 6,000 \
H d
] o
S_ o|e 4,000 \\
g2
o |
3 m
3% 2,000 L &
0
B R1 R2 R3 B R1 R2Z R3 B R1 R2 R3 B R1 R2 R3
F..... 10 gt 1.0 1.0 1.0
abiotic 00 00 S8 . o...._'«“. 0o S—e—
LEGEND: NOTES:
E's TCE "I AMMENDMENT ADDED JULY, 2016

™. B = BASELINE SAMPLE PRIOR TO TREATMENT MARCH, 2016; R1 = OCTOBER, 2016;

R2 = JANUARY, 2017; R3 = May, 2017
"3 g/l =MICROGRAMS PER LITER; E's = TOTAL ETHENE/ETHANES; TCE = TOTAL TRICHLOROETHENE-ANE:
DCE = TOTAL DICHLOROETHENE-ANE; CVL = TOTAL VINAL CHLORIDE.
'S, WHEN A COMPOUND WAS NOT DETECTED ABOVE THE LABORATORY REPORTING LIMIT, A CONCENTRATION
OF ZERO WAS ENTERED INTO THE TOTAL.
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gPCR

gPCR Dehalococcoides

1.00E+08

1.00E+07
1.00E+06
1.00E+05
1.00E+04
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1.00E+01
1.00E+00

DHC Abundance

\\‘\I)

R3

R1 R2
Sample Date
—0— MW-07-32

—— MW-13-28 —@—I|W-1
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W

OCE

A Dirawn By: Checked: B 0601 20T DG Mame:
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abiotic 00 o~ . o...._'«“. —a—>"
LEGEND: NOTES:
E's TCE "I AMMENDMENT ADDED JULY, 2016

™. B = BASELINE SAMPLE PRIOR TO TREATMENT MARCH, 2016; R1 = OCTOBER, 2016;

R2 = JANUARY, 2017; R3 = May, 2017
"3 g/l =MICROGRAMS PER LITER; E's = TOTAL ETHENE/ETHANES; TCE = TOTAL TRICHLOROETHENE-ANE:
DCE = TOTAL DICHLOROETHENE-ANE; CVL = TOTAL VINAL CHLORIDE.
'S, WHEN A COMPOUND WAS NOT DETECTED ABOVE THE LABORATORY REPORTING LIMIT, A CONCENTRATION
OF ZERO WAS ENTERED INTO THE TOTAL.
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CSIA

VA
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OF ZERD WAS ENTERED INTO THE TOTAL.

A Dirawn By: Checked: B 0601 20T DG Mame:
ETE DBfE2iamT Approved:  JE 06/ME0MT nean [
ow-A1 1W-1 MW-07-32 MW-13-28
(20 ft ypgradient) 15 (30 ft Upgradient) 1580 ft downgradient) 15 (320 ft downgradient)
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=2 a———"-w |, - .
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LEGEND: NOTES:
E's TCE ™. AMMENDMENT ADDED JULY, 2016
™. B =BASELINE SAMPLE PRIOR TO TREATMENT MARCH, 2016; R1 = OCTOBER, 2016;
R2 = JANUARY, 2017; R3 = May, 2017
™. hg/t=MICROGRAMS PER LITER; E's = TOTAL ETHENE/ETHANES; TCE = TOTAL TRICHLOROETHENE-ANE;
Vel OCE DCE = TOTAL DICHLOROETHENE-ANE; CVL = TOTAL VINAL CHLORIDE.
"s. WHEN A COMPOUND WAS NOT DETECTED ABOVE THE LABORATORY REPORTING LIMIT, & CONCENTRATION
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2016 Pilot Test

2016 Pilot Test - Summary

45 Well:
Gradient Orientation:
Distance:
Delivery
Dye

Geochemistry

Efficacy
CVOC Trends
CSIA

Mechanism
gPCR

wWsp

ow-1

up
20 ft

IW-1

up
30 ft

MW-07-32 MW-13-28
down down
80 ft 320 ft

Oow-3
cross/up
50

ow-4

cross/up
65

abiotic

biotic

biotic



PlumeStop Pilot

PlumeStop Pilot Test
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The Reagent —what it is PLUME 3 [¢) 4

Liquid Activated Carbon —=

* A highly dispersive, injectable sorbent and microbial
growth matrix

« Colloidal activated carbon (1 — 2 um)

« Size of a bacterium — suspends as ‘liquid’
« Huge surface area — extremely fast sorption

* Proprietary anti-clumping / distribution supporting
surface treatment patent applied for)
« Core innovation

« Enables wide-area, low-pressure distribution through the soll
matrix without clogging




Subsurface
Distribution

Powdered Activated Carbon

(PAC)

Liquid Activated Carbo
(LAC™)

1” diameter glass
columns

* Sandy soil with
11% silt/clay

* Gravity feed

T ESI



Powdered Activated Carbon

(PAC)

Liquid Activated Carbc
(LAC™)

Time Lapse = 12 minute



PlumeStop Pilot

PlumeStop Pilot Test Layout
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PlumeStop Pilot

PlumeStop Pilot Layout
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PlumeStop Pilot

PlumeStop Amendment

Amendment Design Assumptions

Deliver
Treatment Area Characteristics: T Avgmge 8 gpm

: — No issues
— Use same assumptions as

2016 biogeochemical + bio
pilot test
— 5,000 gallons of amendments

52

Amendments (5,000 gal)
— PlumeStop (sorbent)
— HRC Primer (fermentable C)
— HRC (slow-release
fermentable C)
— Sodium Bicarbonate (buffer)
— Micro Nutrients (N, P)
— BDI Plus
— Calcium Chloride (PlumeStop
parking agent)

\\‘\I)
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PlumeStop Pilot

Performance Monitoring Plan

(baseline plus four quarterly sampling events)

* VOCGCs * Field Measurements * gPCR
— Parents — ORP, DO — Dehalococcoides
— Daughters - pH — tceA

« Dissolved Gases - Etc. — bvcA and vcrA
— Ethene * Methane — Dehalobacter

53 — Ethane — Dehalogenimonas

— Acetylene * Compound Specific

* VFAs Isotope Analysis (CSIA)

Crushed Sandstone Core In Situ Microcosms

* VOCGCs * Field Measurements e gPCR
* VFAs - ORP, DO e CSIA
* Dissolved Gases - pH

WS I ) — Ethene - Etc.

— Ethane



At a glance

In Situ Microcosms



PlumeStop Pilot

Potentiometric Surface Changes During Injection

Potentiometric Surface Changes During Injection
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PlumeStop Pilot

Geochemistry Shifts

Sample Name: IW-2 OW-5 MW-06-54 OW-6 OowW-7
Distance: 0 30 ft 50 ft 140 ft 140 ft
Orientation: inj down down down Cross

Date: | 4/4117 5/17/17 T aisnrTsiaerr T 447 e T aan7 sinriar "o aiaia7 s
Field Parameters
pH (standard units) 5.48 5.66 5.29 5.93 5.88
SC (uS/cm) 0.165 0.206 0.162 0.243  0.17
DO (mg/l) 5.10 4.80 5.88 3.40
ORP (mV) 192.3 137.1 163 134 104
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PlumeStop Pilot

CVOCs

Total CVOC Trends
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PlumeStop Pilot

Mole Fraction

A Drawn Ey: Checked: ME 06/01/2017 DG Mame:
ETS D6/22i20T Approved:  JSOBMONR0IT  Jocosss snmsnncs wnsmanine corrnnnnnunin
3 w2 ow-5 MW_06-54 OW6 ow.7
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LEGEMND: NOTES:
E's TCE E! '1 . AMMENDMENT ADDED JULY, 2018
'2. B = BASELINE SAMPLE PRIOR TO TREATMENT APRIL, 2017, R1 = MAY, 2017,
\ \ \ ) '3 we/l = MICROGRAMS PER LITER; E's = TOTAL ETHENE/ETHAMES,; TCE = TOTAL TRICHLOROETHENE-ANE;
DCE = TOTAL DICHLOROETHEME-ANE; CVL = TOTAL VINAL CHLORIDE.
Wl DCE '4 WHEN A COMPOUND WAS NOT DETECTED ABOWE THE LABORATORY REPORTING LIMIT, A CONCENTRATION
OF ZERC WAS ENTERED INTO THE TOTAL.




PlumeStop Pilot

Mole Fraction
With CSIA

A Dirawn Biy: Checked:

B 06012017
ETS 062202017

DG Name:
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Total CIVOCs (ugl)
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IW-2 OW-5 MW-6-54 OW-6 OW-7

baseline| R1 baseline| R1 baseline| R1 baseline| R1

TCE -27.88| -24.54 -27.01{ -26.21 -26.25( -24.41 -27.27| -26.03 | -29.91| u

\\ \ ) cis-DCE -26.48| -28.98 -26.63| -26.86 -26.52| -27.62 -27.04 -28.88[ u
I 1,1-DCE -25.68| -25.30 -25.70| -24.54 -25.14 -23.72 -25.46( -25.13 -25.69( u

VCl u -26.40 u u u u u u u u




PlumeStop Pilot

Mole Fraction
With gPCR for DHC

A Drawn Ey: Checked: ME 06/01/2017 DG Mame:
ETS D6/22i20T Approved:  JSOBMONR0IT  Jocosss snmsnncs wnsmanine corrnnnnnunin
o w-2 Oow-5 MW_06-54 OWE6 owr
5
8g
S A R -9
BoE J \
5 — 1
T \ 3
10,000 "‘ {
60 \ {
\ |
av) ) \ ‘t ‘l
S= [\ a a
30
o c 8 \ \ | :Q
33 5 \ \ \ \
% ol .|z 6,000 \ [ | N\
nofleg]|e \ \ | \
o0 | § \ \ |
23| 7 g 1 1 d |
g § 4,000 \ /1 {
= \ ( ' - |
S \ ~ |
=0
3" 2000 (‘9: ®
R i gy R A A,L_F_.
0 537E+05 764FE+Q5 2.00F+03 U R.OOFE+03 <+—— PCR (cells/q)
B R B R 5 R 5 R B W Collected from ISMs
LEGEND: NOTES: Pre-treatment qPCR groundwater data = ND
E's TCE E! '1 AMMENDMENT ADDED JULY, 2018
'2. B = BASELINE SAMPLE PRIOR TO TREATMENT APRIL, 2017, R1 = MAY, 2017,
\ \ \ ) '3 we/l = MICROGRAMS PER LITER; E's = TOTAL ETHENE/ETHAMES,; TCE = TOTAL TRICHLOROETHENE-ANE;
DCE = TOTAL DICHLOROETHEME-ANE; CVL = TOTAL VINAL CHLORIDE.
Wl DCE '4 WHEN A COMPOUND WAS NOT DETECTED ABOWE THE LABORATORY REPORTING LIMIT, A CONCENTRATION
OF ZERC WAS ENTERED INTO THE TOTAL.




PlumeStop Pilot

End Products

» Dissolved gas data was collected from the ISMs

* A headspace method was used to quantify ethene in the
crushed sandstone matrix

* The data are being assessed

61 * We know that ethene and ethane are present and

*« The amount of ethene increased significantly from the May
samples to the August samples
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PlumeStop Pilot

Geochemistry Shifts

MW06-54
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BVOCin ISM

B VOCs in Soil Moisture
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PlumeStop Pilot

PlumeStop Pilot Conclusion

63

\\‘\I)



Conclusions
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Conclusions

Pilot Tests Conclusions (so far)

Fracture network provides great
amendment delivery conditions

Desired geochemical and microbial
conditions established

80% total VOC concentration
decreases with several years of
continued active treatment
expected

Degradation pathway supportin
daga has beeleo co((ectyed {lgl‘f S
biogeochemical pilot test

PlumeStop pilot test is early on
but very promising



Conclusions

Conclusions

Greener Cleanups: EPA Spreadsheets for Environmental Footprint Analysis - August 2014

Environmental Footprint Summary

Footprint
Core . Unit of
Metric .
Element Measure InSitu Treatment | Pumpand Treat
Materials & | M&W-1  |Refined materials used on-site Tons 0 4
Waste M&W-5 |On-site hazardous waste disposed of off-site Tons 10 10
Water
(used W-1 Public water use MG 1 0.0
on-site)
E-1 Total energy used (on-site and off-Site) MMBtu 770 29,365
Energy
E-4 On-site grid electricity use MWh 0 2,200.0
65 A-1 On-site NOx, SOx, and PM emissions Pounds 158 431
A-3 Total NOx, SOx, and PM emissions Pounds 1,011 32,396
A-3A Total NOxemissions Pounds 696 8,513
Air A-3B Total SOxemissions Pounds 267 23,692
A-3C Total PM emissions Pounds 48 191
A-4 Total HAP emissions Pounds 8 740
A-5 Total greenhouse gas emissions Tons CO2e* 62 1,803
Land & Ecosystems

* Total greenhouse gases emissions (in CO2e) include consideration of CO2, CH4, and N20O (Nitrous oxide) emissions.
"MMBtu" = millions of Btus L
"MG" = millions of gallons Notes:

"CO2e" = carbon dioxide equivalents of global warming potential

"MWh" = megawatt hours (i.e., thousands of kilowatt-hours or millions of Watt-hours)
"Tons" = short tons (2,000 pounds)

P&T: 20 wells, AS, GAC
* In Situ: 20 wells
*  O&M: 20 years, 5 injections
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