9 REG E N ESIS ®  Keys to Successful In-Situ Remedial Designs

at Brownfield Sites

Elliot Maker, MSc.
Northeast Technical Manager
REGENESIS



Roadmap

Discuss
* Technical Approach

 Keys to Successful
Remedial Design

* Design Verification Testing

e Placement Validation

* (Case study

e (Questions




We support you through all phases of the remediation project including:
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v" Cradle to gravel support

v" Single contractor

v" On site / real time

2. management

g el v" Assured its being done right




The REGENESIS Process
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FluxTracer

Flux Mapping Tool

DAVAS
Design Verification Testing

FluxTracer
Mass Flux Vertical Profiling

Design Revision
Placement Validation

Injection
Distribution Verification

Technical Review of Performance
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800+ 100+

13,000,000+ 15,000,000+




Success follows from:

The right amount of Reagent
...In the right place

What are the engineering steps we follow to achieve this?
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KEYS TO A SUCCESSFUL REMEDIAL DESIGN: BUILDING
THE CSM
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Contaminant Type Biogeochemistry Site Geology and
and Distribution Hydrology
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Fundamentals of Contaminant Distribution

* Vertical and Lateral relationships between fine- and coarse-grained units

« Determination of vertical and lateral relationships between low and high Kh zones are
critical

 Organization and Position of COC Storage Units and Transport Units

* Fine grained units - storage
 Coarse grained units — transport

 Sand Content “Plumbing”

* How much
« How well sorted

« What is its positional orientation
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Higher permeability
zones

1 1"
Freeways

Lower permeability
zones
“Parking lots”
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Design Verification Testing — What?

 Subsurface investigation specific to application = Wl
requirements I SN

e Separate mobilization ahead of the principal application 3
p principal applcation. &g

» Detailed stratigraphy, feasible flow rates, appropriate e
tooling, aquifer response to injection (clean water) - —

* Informs design refinement and placement optimization
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Design Verification Process — Why?

Site Assessments have different objectives than DVT
* Nature and Extent, Plume Boundaries
- Liability and Risk, Sensitive Receptors |
« Delineation for risk # Delieation for ?

DVT improves remedial outcome by increasing site
resolution :
« Focusing on identifying position of COC mass and
high flux zones
-Emphasis on identification of principal impacted
units
-Provides greater reagent-COC contact = improved
performance
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DESIGN VERIFICATION PROCESS - PURPOSE

Assists Designer in:

* |D Technical Blind Spots o L
» Vertical Profiling |

» Calibrate Reagent Design
* Dose/Volume

* Calibrate Treatment Zones =
Accommodation Rates and Volumes [l = e =

EXTRACTION WELL LOCATION AND NUMBER
MONTORNG WELL LOGATION AND MUMEER

DECOMMIZSIONED WELL LOCATION AND NUMBER

 |ID Hydraulic Limitations ‘ -

LIMITS OF SOUTH DRANAGE DITCH
STOM SENER

APPROXIMATE SCALE ¥ FEET
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Design Verifi
Tools Box

» Continuous Soil Core
Soil Contaminant A
Settling Tubes
Clear Water Injectio
FluxTracer
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Continuous Core Logging

Physical Characteristics
* Moisture content
« Contaminant: e.g. odor, staining, PID

Grain Size:
* % clay- silt-
* % fine- medium- coarse- sand/gravel

 Gradation:
* coarsening upward vs. fining upward

Soil contaminant analysis:

* |dentify contaminant concentrations within
flow pathways
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Design Verification:
Soll Settling Tubes

* Field Technique provides semi-quantitative data to
trained Field Geologist

* Visual Determination
 Sand, Silt, Clay
* Soil particle size % —

|
I
 Sand: grain size and sorting

« Simple Rapid Reliable
Silt

 Decreases Subjectivity
* e.g. Silty sand silty clayey sand etc.

« High density, 1 foot vertical interval

Coarse Sand
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Design Ve
Clear wat

* Documents ac
volumes

* Vertical TTZ's

* Assists in appl
* Direct Push |

» Top-down
* Injection wel
» Screened |

» Data collecteo
the estimated
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FluxTracer

Flux Mapping Tool

Key Benefits:

How

Collects information to aid in site characterization and remedial designs

Vertically delineates contaminant mass flux and groundwater speed
within an existing monitoring well

Better site characterization and more specific design choices lead to
better remedial outcomes

Units for specific wells arrive pre-assembled and ready to deploy

it Works:
FluxTracer is deployed for two weeks and retrieved
Alcohol tracers are washed out — contaminants are sorbed
Device is sent back to REGENESIS for sample analysis

Results are used to provide a report containing useful information such
as contaminant mass flux and groundwater Darcy flux

Well-cap to
support assembly

Pre-measured cable
(on transport spool)

5 pre-strung

units
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FluxTracer Construction QFluxTracer

e All stainless-stee

construction
e Sealed and
tamper-resistant
f123t [ ; - ¥ | | tx&é:é%
e Self-centering =B y | | N

 Junctions allow
“train car”
movement
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Shipping container W|th
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Flux Determination- Passive Methods

Resulting data identifies zones of varying flux
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Data Reporting

Report elements

TABLE 1

Darcy velocity and contaminant fluxes

Flux Tracer Report

@ FluxTracer

Flux Mapping Tool

Site Name ABC Factary
Location M5
Client REGEMESIS
Contact JohnS

Well ID M5

Report prepared by:

Josh Morena

Deployment length [fx)

2325

Date deployed

0¥ 11530

Date recovered T0I2114:30
Depth below top of well casing| Darcy velocity PCE TCE cDCE
(ft) (cmiday) (mg/m2/day) (mg/m2/day) (mg/m2iday)
13.8 2.0 ND 20 8 [arcy uel::t?la_lfd‘lcontamin it flures
14.8 93 ND 500 240 Depth below top of well Darcy velocity PCE TCE cOCE
casing (k) [cmiday] [mgimZiday] | [malm2iday] | [mgim2!dayl

15.8 10.0 ND 650 300 N Z0 T T
168 60 ND 50 10 e i
17.8 3.0 ND 40 20 16.5 E.0 D 50 0
18.8 338 ND 200 90 e 5 i i &
19.8 3.0 ND 120 100 1.8 3.0 O 120 100

Z0E 4.0 ] 100 =0
20.8 40 ND 100 50 215 .0 T 410 300
218 15.0 ND 410 300 228 12.0 MO 450 350
228 12.0 ND 450 350 TABLE 2

Flux-derived concentrations
=t ::'sci‘:g‘?ff]“ vel | bty | ToEmo | eDcEre

13.8 I 000 400

4.5 HI 53&0 580

& HIA 500 3000

16,8 I B30 170

7.8 HI 1330 670

6.8 HIA, E760 2370

5.8 HIA 4000 3330

208 M Z500 1250

718 HI, 7730 2000

ITE HIA 3750 25320

Depth below top of well casing (ft)

13.3

14.3

15.3

16.3

17.3

18.3

18.3

20.3

21.3

22.3

23.3 +

MW15
Darcy velocity (cm/d)

0 10 15 20 25 30
=@~ Darcy velocity
-8-PCE
~4-TCE
—&—cDCE

0 200 400 600 800 1000 1200 41400 1600 1800 2000

Contaminant flux (mg/mé/d)

@) REGENESIS



Data Reporting
Report elements

TABLE 2
Flux-derived concentrations

Flux Tracer Report

@ FluxTracer

Flux Mapping Tool

Site Name ABC Factary
Location M5
Client REGEMESIS
Contact JohnS

Well ID M5

Report prepared by:

Josh Morena

2325

Deployment length [fx)
DEpth below tc-p of well l:asing Date deployed T30
(ft) PCE (ug/L) TCE (ug/L) cDCE (ug/L) Date recavered 11H0/2114:30
13.8 NIA 1000 400
TABLE 1
14.8 N/A 5380 2580
- Darcy velocity and contaminant fluxes

1 58 N.IrA 6500 3000 Depth below top of well Darcy velocity PCE TCE cOCE

ing (ft) [emidayl | (mgim2iday) | imglm2iday) | (mgim2idawl
16.8 N/A 830 170 s B T I T T

] 93 7] 500 740
17.8 N/A 1330 670 3 0.0 ] [] 300

6.3 6.0 7] 50 0
16.8 N/A 5260 2370 5 o T T =0

] 36 7] 700 a0
198 NIA 4000 3330 o S i = =
208 NIA 2500 1250 20 e T
218 MN/A 2730 2000 223 2.0 HD 450 50
228 N/A 3750 2920 TABLE 2

Flux-derived concentrations
=t ::'sci‘:g‘?ff]“ vl | PeEjugy | ToEGwg | eDEE iy

13.3 T 000 400

4.8 TIA B30 ZEE0

=] HIA [} 000

6.8 TR 30 170

7.8 TIA 1330 670

] HIA 5760 7370

198 TIA 4000 3330

Z0.8 IR 2500 1250

718 TIA 2730 2000

778 HIA 3750 7520
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Brownfield’s Redevelopment Site
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The Problem

Contaminants Concentrations | Treatment Area | Volume of

Impacted Soil/GW
Chlorinated 27,000 pg/L 68,000 Square 50,000 Cubic Yards
Solvents Feet

 Additional Information:

* Very high contaminant concentrations

* Soil vapor issue contributing to contamination and
cleanup criteria

* Two main treatment areas;
e source and main plume body
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The Solution - Pre-DVT

Contaminants

Concentrations

PCE, TCE, DCE, VC

Soil

* Main Plume: up to 200 pg/L
« Source Area: 1,400 - 27,000 pg/L

Groundwater

Heterogeneous sand
and gravel aquifer

Source Area

* Depth to GW: ~8-10 feet bgs.

« Seepage Velocity: >1,000 feet per
year (estimated prior to PFM
deployment)

Plume Area

v 4 WERTWEAD
¥ Wa-ad W4-A2
-

Excavation, Injection of
3DME, SM-2VI, and BDI

* Multi-Barrier PlumeStop and
SM-ZVI

Main Plume

W1-A1IW1-A2$ S ——=  Area

i

-

———

Mw-2

4

, Former AST
P MW-13RH  Solvent Tank
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DVT ltem Completed by

Continuous REGENESIS
Soil Cores/Sall
Settling Tubes

Performance
Monitoring Well
Installation

Passive Flux PES
Study Field Deployment
and Collection

REGENESIS
Flux analysis and
Predictive Models

Clear Water REGENESIS
Injection Test and PES

Design Verification Program

Purpose

Identify transmissive zones
through grain size analysis

Track performance and
demonstrate progress toward
remedial goals

Define contaminant flux to
determine product dosing and
optimize treatment row placement
needed to meet remedial
timeframes

ssess optimal product injection

radius. and define remediation
Injection timeframe
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Design Verification Program

585

Total Volume Injected (Gallons)
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® PSI @ Total Volume ® GPM DTW

Chart showing pumping rate, injection pressures, depth to water and total volume injected.

Mass Flux

LL1

W1-Al W1-A2 W2-A1l W2-A2

Mass Flux (mg/m?/day)

® PCE ® TCE 1,2DCE

Chart Depicts CVOC Mass Flux at two well pairs. W1 and W2
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Post-DVT Design Changes

* Slightly tighter injection spacing for more robust barrier

* Decrease injection volume for desired ROI — less field time

* Ground water velocity from changed from ~1,000 to ~300 ft/yr
* Focused target zone from 8 to 30 ft vs. 10 to 30 ft — cost savings
* Reallocated PlumeStop to areas to target the faster mass flux

* Switch destruction product to SM-ZVI for greater longevity and
performance



CAC-Distribution Confirmation

Bottom —
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Distribution Confirmation

)
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Soil Vial Shake Test MW-29c Field Test Kit
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Application Plan

®

28

gaaild STOP

208,560

158

10-30

Field Days

Gallons of PlumeStop and
SM-ZVI Applied

Direct-Push

Injection Points
(Spaced 6' Apart)

Feet Below Ground Surface

Total Treatment Zone
(Narrowed as a result of DVT)
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W2-A1 (5-20) 9/30/2019| 1672020 3272020 SI7/2020 911772020
BPCE 77188 | 54753 230 3% %
TCE 4738 | 22/21 76 15 1
cis-1,2-DCE ss/60 | 32/33 77 12 8.6
trans-1.2-DCE 24728 16/16 3.0 0.7 0.6
vC 18121 <05/<05 <1.7 <05 <05
| W2-A2 (20-30) 9/30/2019| 16,2020 37272020 S/6/2020 971672020
PCE 140 05 0.5 <05 <05
TCE 23 05 <05 <05 <05

cis-1,2-DCE 35 05 1.4 2.7 1.9

vC 13 05 <05 <05 <05

MW-1 & — i
,\ v
" - vVevwvyv
Barrier 5 Y\ v
(1-119 through IP-158) -y
\
\
\
\
RW-13D \
¢ \
RW-13S \
\
v
Barrier 4 118) \Y v CaY
(1p-83 through IP-
\
\

vwvyY

vy ¥y
vvVvVvY¥§Vy

Each monitoring well shown is approximately 16

feet to the nearest Barrier

W1-A1/W1-A2

W6-A1 (8.5-23.5) 9/30/2019] 1/6/2020 _3/3/2020__ 5772020 __8/17/2020
PCE 74 2a z3 54 16
TCE 2 8.1 75 7.1 3.2
¢is-1,2-0CE 28 15 75 9.2 14
trans-1,2-DCE 1.0 0.6 0.5 <05 0.6
Ve 16 0.9 1.6 1.3 1.7
W6-AZ (25-30) _ 9/30/2019| 1/6/2020 _3/3/2020 _ 5/6/2020 _9/16/2020
PCE 200 | 0.8/06 | <05 [<05/<05] <05
TCE 70 | <0s/<0s| <05 |<0s/<0s| <os
¢is-1,2-DCE 21 | <05/<05| 05 |<05/<05| 1.2
|
|
|
\ A A
yyvvvyVvVvy ,l
|
| & mws
|
I
| [Wi-A1(6-21) 10/1/2015] 1/6/2020 _ 3/3/2020 _ 5/7/2020 _ 911772020
| [PcE 150 76 12712 54 3.2
p[Tc 51 a9 | 9491 | 4s 45
cis-1,2-DCE 89 16 20/21 22 27
| |wans-1,2.0ce 24 06 |05/<05| <05 0.7
| L 56 19 |3s/32| 23 1.7
WI-A2 (21-31) 10/1/2019| 1/6/2020 332020 _S/6/2020 _9/16/2020
vvvvvYVY | e 2 s 1.0 05 T
vv vy W | |rce 82 <05 0.7 0.6 1.7
cis-1,2-DCE 76 <05 3.1 1.5 2.2
| [irans-1.20ce S4 <05 <05 <05 <05
| |ve 08 <05 <05 <05 <05
|
|
|
|
vV VaX '
v YV
v V v '
M/ |
|




Well W5-A1
Downgradient of Barrier 2
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Well Wa-Al
Downgradient of Barrier 1
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Well We-A2

Downgradient of Barrier 4
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Concentration (pg/L)

Well W4-A2
Downgradient of Barrier 1
3.0 I
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So What Have We Learned?
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Design Verification Testing

; UN-IDENTIFIED HYDROGEOLOGICAL
What'’s the outcome”? CONDITIONS

* Analysis of 43 DVT investigations

LOWER INJECTION RATES/ROI
 ~80% of tests found unanticipated

results (technical blind SpOtS) UN-IDENTIFIED COI\;(I')ANI\QINANTTRANSPORT

* 62% of preliminary designs were
modified / refined THICKER CONTAMINANT ZONE

. MOSt Changes were COSt-nEUtraI HIGHER CONTAMINANT CONCENTRATIONS

0% 10% 20% 30% 40% 50%

@) REGENESIS



Success follows from:

The right amount of Reagent
...In the right place

good tools + good processes = engineering control

because success ish't random
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Thank You!

5] %37 (=]
Elliot Maker, MSc.

Clhrs 1
ﬁ:li E‘ Northeast Technical Manager
i' REGENESIS
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- E .t* emaker@regenesis.com
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