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Site Background

300 pa/L PCE Isopleth

* Discrete interval soil and
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Site Background

« Sandy lithology with
two clay layers

 Contamination focused
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clay layers
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Remedial Action Plan

» Aggressive remediation of source area (defined as area
with PCE >3,000 pg/L)

— Remove the majority of the mass and

— Enhance plume natural attenuation and stability

« Long-term monitoring of lower concentration VOC plume
and source area (following aggressive remediation)
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LDA-Steam/ZVI Technology Overview

» Large diameter auger (LDA) mixing with injection of steam and zero valent iron (ZVI):
— 8 ft diameter LDA soil mixing
— Steam injection
— Extraction and treatment of vapors using a closed vacuum system

— Injection of ZVI slurry treatment mixture to address residual VOCs

* Benefits of the technology:
— Particularly effective in heterogeneous source zones and low permeability layers

— Flexible — can easily move tool for lateral step-outs

Able to adaptively target intervals based on actual contaminant removal
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LDA-Steam/ZVI Technology Overview
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LDA/Steam/ZVI1 Treatment Process
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Planned LDA Boring Layout

3,000 ppb PCE Isopleth DPT Location (Geosyntec)

DPT Location (UES)

30,000 ppb PCE Isopleth

: Former Building G
: Existing Concrete Slab

Approximate Parcel Boundary

Temporary Monitoring Well Location
Monitoring Well Location

Current/Former Residential Well Location
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- Abandoned Monitoring Well Location

O 8 ft Diameter Borings with 13.5 % Overlap to 45 ft BLS (9 Borings)
8 ft Diameter Borings with 13.5 % Overlap to 58 ft BLS (33 Borings)

O 8 ft Diameter Borings with 13.5 % Overlap to 60 ft BLS (26 Borings)

O

8 ft Diameter Borings with No Overlap to 35 ft BLS (4 Borings)
8 ft Diameter Borings with No Overlap to 45 ft BLS (88 Borings)

8 ft Diameter Borings with No Overlap to 50 ft BL5 (23 Borings)
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LDA boring to 45 ft BLS (No Overlap)

LDA boring to 58 ft BLS
(13.5% Qverlap)
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LDA/Steam/ZVI1 Treatment Protocol

LDA/STEAM/ZVI TREATMENT PROTOCOL

Setup Includes
®  Confirm soil column location and ID START LDA SOIL MIXING AT SURFACE
Setup on d start delivery
Confirm if column is inside. overlaps.
or outside >30.000 pg'L PCE area ¥
®  Confirm calibration and operation of
GC and FID units. INITIATE STEAM DELIVERY
Soil mixing to starting thermal treatment depth approximately
5 feet below surface. first thermal treatment pass
1o total treatment )

¥

MONITOR GC/FID AND NOTE PEAK VALUES
To determine thermal and iron treatment critena

* Default = 2% 2VI and minimum 4 complete thermal
passes if located inside 30,000 pg/L. PCE contour

YES
GC > 100 pprw PCE
(First Pass)

[

THERMAL PASS SECUIREMENT THERMAL PASS REQUIREMENT

) {

THERMAL PASS REQUIREMENT
Minimum 4 complete themmal passes

J

1 complete thermal pass and one partial pass
from total depth to 25 feet below land surface 2 compiete thermal passes
¥ 2
TEMPERATURE REQUIREMENT TEMPERATURE REQUIREMENT
TEMPERATURE REQUIREMENT Obtain temperature of 180°F or greater as Obtain and maintain temperature of 180°F or greater as
No shroud temperature requirement measured in shroud during second measured in shroud throughout entire final thermal
treatment pass treatment pass
¥ ¥
OTHER THERMAL TREATMENT REQUIREMENTS

OTHER THERMAL TREATMENT REQUIREMENTS

**Steam flow at least 8,000 pounds per hour during
thermal pass

OTHER THERMAL TREATMENT REQUIREMENTS
**Steam fiow at least 8,000 pounds per hour during
thermal passes

*"Steam flow at least 8,000 pounds per hour
during thermal passes

mmhm«mmmmi
L 7

THERMAL TREATMENT COMPLETION CRITERIA

THERMAL TREATMENT COMPLETION CRITERIA

WTFEATHENTWCRITERIA

4xlmuh
ancheinthmGCm
the entire final thermal treatment pass
OR

GC reading must be reduoed by 0% of the.

' .

RETURN TO START DEPTH
For iron treatment, treat from 25 ft to total treatment depths.

!

IRON TREATMENT CRITERIA
(Based Upon First Pass GC reading)

4. During
5. ** steam flow based upon a typical 2-3 f/min. rate. v

1 complete thermal pass and one partial pass from
2»«\*& passes. Off-gas.
mdm-ubumwm &
of below 100 ppn o Concentration of PCE below 100 ppmv on GC during first pass peak (or highest overall peak) throughout
m“‘mmmw entire second themal treatment pass entire final thermal treatment pass
Complete a maximum 200 minutes of thermal
‘treatment following the compietion of at least four
¥ ‘complete thermal passes. Addbonal treatment time
may be empioyed
| END THERMAL TREATMENT q—’
T
Notes:
mehmmmwmmmu with an obj d g
2. Thermal passes and/or 2vi depths.
3 'ﬂwmmmmm mwﬂdsmﬁdwm&em;&wu
the collection of FID readings, methane corrected values shall be used.
modified upon decreases in rate, number of passes, safety based upon

IRON TREATMENT
Commence iron treatment pass

|

[

WASHOUT IRON
On final pass and while retuming to surface for treatment cell
completion

l

TREATMENT

‘Wyeth LLC Building G

FIGURE 6: LDA/STEAM/ZVI TREATMENT PROTOCOL
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LDA/Steam/ZVI1 Treatment Protocol

Start LDA ]
NO GC >‘100 ] YES
_ppmv PCE J
[ 1 therr;;al pass ] [Additional t‘lrwermal pass ]<—

\ 4

NO (GC >100 | YES| Depth specific
Lppmv PCE treatment
Complete thermal

treatment, inject ZVI from
25 ft bls to total depth

|—l

<100 ppmv PCE =1.0% ZVI <500 ppmv PCE = 1.5% ZVI  >500 ppmv PCE = 2.0% ZVI
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Real-Time Data Monitoring

« Parameters monitored during thermal treatment and used to
make real-time decisions include:
— Auger depth;
— Shroud temperature;

— VOCs in the off gas using an organic vapor analyzer-flame
lonization detector (FID); and

— CVOCs in the off gas using gas chromatographs.

« Additional parameters were monitored and used for mass
calculations during post-processing.
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Real-Time Decision Makino

Depth Below Land Surface (feet)

LDA Boring Location
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Real-Time Decision Makino
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Real-Time Decision Making

Depth of LDA Boring

11|35t
) st
[ | 4650t

* Real-time data was also
utilized to refine the

EH: treatment area by excluding

B = o planned borings and adding

| step-out borings.

Step-out
borings

51 "?h "'}‘ -
1 Boring depth extended; [*

Additional thermal
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Post-Processing of Data: Mass PCE Removed

0 0.4

* Post-processing of data
allowed us to calculate the
mass removed per depth
interval in each boring.

* The majority of the mass
was removed from the two
clay layers.
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Post-Processing of Data: Mass PCE Removed

Former
sump

§ 2238 252

E
a3 - ms 18 125 134 143

20% of the total mass
removed was from

« Combining the data
from individual borings
allowed us to visualize
a cross-section of the
distribution of mass
removed.

PCE Mass Removed (Ibs)

Boring 63
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Performance Monitoring

- | Legend
Post-LDA DPT Location (Geosyntec)

] Pre-LDA Soil Boring Location (Geosyntec)
R L 4 Pre-LDA DPT Location {Geosyntec)
: DPT Location (UES)
: @ Monitoring Well Location
() LDABoring Location
(O Excluded Cell

) romersuicing &

Post-LDA Sail Boring Location (Geosyntec) [} Former Concrets Stan

Approximate Parcel Boundary
e Pre-LDA 3,000 pg/L PCE Isopleth
—— Pre-LDA 30,000 ug/L PCE Isopleth

@ Collected discrete
groundwater samples at
11 locations using direct

push technology (DPT)

® Performed three soll

porings with saturated
soil sampling

® Installed and sampled

four monitoring well
clusters
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Performance Monitoring: Soil Analytical Results

Pre-LDA Saturated Soil Results Post-LDA Saturated Soil Results

SB-12

| Dme | Depin | PCE | TR |ori2D0E] W |

PCE detected in every sample
with maximum of 1,700

Coosu | amsu | aosu | oo |
5 [ eosu fuusu | sosu | oo |

No CVOCs detected,
including at SB 1@37 ft bls

Soil Boring Location

= [ootprint of Area Remediated with Large Diameter Auger (LDA)

: Former Building G
: Former Concrete Slab

Approximate Parcel Boundary
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Performance Monitoring: Groundwater Analytical Results

Bl Pre-L DA Groundwater Results Post-LDA Groundwater Results
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- Groundwater concentrations inside the LDA treatment area decreased to less than
300 ug/L, enabling transitioning of the Site to natural attenuation monitoring.
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Summary of Benefits of Real-Time Data Monitoring

« Real-time data was utilized to maximize treatment efficiency including:
— Performing additional thermal passes at borings
— Treating deeper at borings
— Excluding planned borings
— Adding step-out borings

* The data was used to confirm that the requirements of the treatment
protocol were achieved.

* Post-processing of data allowed us to calculate the incremental mass
removed throughout the treatment area and depths.




* Real-time data collection and an adaptive
treatment protocol enabled Geosyntec to
maximize remediation efficiency and
effectiveness by focusing treatment on
areas of elevated mass

* Post-LDA soil and groundwater sampling
Indicate that the treatment goals were
achieved, allowing the site to transition to

$ natural attenuation
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