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What do you do when...

- 186 days of operation
- 2 separate pilot study areas

- Almost 10MM data points

- 18 minutes to present
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Site History

4"Groundwater Interceptor
Trench

’IF?ineIine Release fl'nvestigation / Characterization

o Delineate
o Early 1980s
o 2013-2016 finalized

o Along ~ 1 mile stretch
o Late 1970s

o Multi-year operations
o Diminishing returns

4"Feasibilitv Evaluation

o Evaluate potential alternative
remedies

o Innovative technologies identified

Full-scale MPE

Pilot-scale MPE Study ’I;
o Six stages (~800 ft / stage)
o
o
o

o With and without enhanced
fracturing

o 2010 through 2011
o Successful/Diminishing returns

Stage 1 implemented
Enhanced fractures

2013-2018/Stage 1 diminishing
returns

f Feasibility Evaluation

o Evaluate alternative remedies
o MPE potentially applicable

o With or without enhanced
fracturing

Next Steps
o EBR technology looked promising

o Design / implement pilot
demonstration
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Site Background

- Historic benzene release site
- Tight natural clay lithology (weathered zone overlying unweathered zone)
- Shallow impacts ranging from ~9 to 15 ft-bgs

- Groundwater present ranging from ~ 5-10 ft-bgs; very low hydraulic gradient and
resulting very low groundwater flow

- Two (2) Pilot Areas: 1) Unfractured (native conditions); 2) Fractured (hydraulically
enhanced fractures)

- Background benzene concentrations
» Groundwater - 300 - 800 mg/L (300,000 - 800,000 ug/L)
= Soils — 400 - 1000 mg/kg (400,000 — 1,000,000 ug/kg)
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EBR™ Technology Overview

A
What is Provect-“EBR®”
Electro Bioremediation (EBR) Computerized control panels for
well(s) contain an air sparge plus 3 remote system / adjustment and real -
electrodes: time performance monitoring
é O, production N ) ) Bl eLokessy L
¢ H,0, production T e AR LR
é Fo ralease T i ainins

y Rt
US Patent No. 9,975,156 B2

Copyright Provectus
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Pilot Study Areas

e z e
i R S
o e R

CHIT e

. —
- Y
UP-1
+ up-2 GP-221 GP-224
TUP \ @GP-219 ® ®
. up-4 UP-5 UP-6 EBEH EBEFZ ERRE & fe2 e .-
g - - P a © * * O rpa
EBR-U1 EBR-U2 L 4
FP-5
GP-222 e
® »
EP-6
@GP-216 @GP-218
GP-223 GP-225
[)
[m] @GP-217 m] x
EBR-U3 EBR-U4 ®ce-220

6' aecom.com




@ aecom.com




| s o 4
l|l|”||||||m|||” (

Results / Evaluation

Deliveringa betterworld” /. . o VS e o :




Baseline Conditions — Unfractured Area

pH [su] oH [sul pH [su] Unfractured Area

14 14 14

13 13 13

12 12 12
11

n = pH values generally

: neutral
. : II II = DO values generally

GP-216 GP-217 GP-218 GP-219 Baseline > 1 lIlg/L

10
1
EBR-1 EBR-2 EBR-3 EBR-4
m Event /1

|
DO [mg/L] DO [mg/L] DO [me/L] ORP values
i s = Reactor wells and
8 ; i piezometers slightly

reducing

. - - = Monitoring wells
[ ] 1l B - slightly oxidizing

GP-216 GP-217 GP-218 GP-219 Baseline

1
EBR-2 EBR-3 EBR-4

EGP-216 WGP-217 MGP-218 WGP-219 mUP-1 mUP-2 mUP3 mUP4 mUP5 mUP-6

ORP [mV] ORP [mV]

75
50 50
25
0 I
o 2 - B
E—

-50

ORP [mV]

-100 :200
GP-216 GP-217 GP-218 GP-219 Baseline

mGP-216 mGP-217 mGP-212 mGP-219 ®mUP-1 mUP-2 ®mUP-3 =UP-4 mUP-5 mUP-6
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Pilot Study Summary — Unfractured Area

pH [sul oH [su] oH st] Unfractured Area

i ; = Pilot duration — 94 days

Z : = pH values
: ‘ “ n : I ‘ I I || : “ “ ‘ ‘ ‘“ “ ““ “ = Relatively constant throughout

testing (7-8 s.u.)

%’Q GP-216 GP-217 GP-218 GP-219

‘27%1@ ‘C\é\ ‘C\é\ ‘C\Q‘\ Q\é\ ‘O\z‘\ Q\z ‘<7\z Q?\i\\ @\é& @é‘\& Qﬁ?/& W Baseline m Event #2 Event #3 Event#4 mEvent#5 mEvent#6 %‘b& (dz(\ @Q’(\ (C@ (C\Q/ (C\Q/ @\Q’ (CXQIO (C\Q/ ‘éz& ézé‘ C‘QI&-
mEBR-1 mEBR2 mEBR-3 mEBR-4 mEvent#7 WEvent#2 mEvent#S mEvent#10 M Event #11 m Event #12 ®mUP-1 mUP2 mUP3 mUP-4 mUP-S mUP6 u DO Values
. . . . ™
DO [mg/L] DO [mg/L] DO [me/L] Quickly increased in EBR
- 14 » wells to >10 mg/L
14 13 13 . .
F o i ® |ncreased over time in MWs
u 10 10
s 0 : up to 4 mg/L
; : ; " Increased over time in PZs up
5 5 5
: : ; | | | | | | to 3-4 mg/L
= ; : i |||II|||||||II||I||I|I|||I||||||||.||.
" 1 L - o
N R AN RN S e GP-216 GP-217 GP-218 GP-219 PG S &o® R IGE n
o (C\@ ‘dé\ ‘C\m (C\Q; <<7‘® ‘d@ ‘c‘é\ (C\@Q @‘?’(\ @‘é\ @\e(\ . ‘bﬂ‘v@\ %“é\ ‘C‘é\ @\v}‘ ‘C‘é\ @\z“ ‘C\z @\z“ ‘C‘é\ @‘é\ @@o @@o‘§ O R P Va I u es
mBaseline mEvent#2 mEvent#3 mEvent#d Event #5 Event #6 - ™ ” . d t
WEBR-1 WEBR-2 mEBR3 mEBR-4 Event#7 mEvent#8 mCvent£9 = Event#10 » Event #11 - Event K12 mUP1 mUP2 mUP3 mUP4 mUPS mUP6 EBR™ wells increase o
700-800 mV then decreased as
ORP [mV] ORP [mV] ORP [mV
vl ROI expanded
800 500 200 )
oo 400 19 " |ncreased in MWs from

: “ “ “ “ T REEERTTT (I pascine up 0300 m
| il | I| I n

~
o0 20 L " [Increased in PZs ~40 days
150 50
100 100 75
; * I I I | :%32 (150-200 mV)
a 2
-200 ; 200 iti df
e e e e e d e e e e s 100 e e e = Area transitioned from
I I I i P P R GP-216 GP-217 GP-218 GP-219 5 & (\\ o é S R SR . T
F & N X o X ¥ & X & & & 3 @ & @ & 8 & & © N S & d d
© © © ¢ ¢ ¢ ¢ “ < < < mBaseline wEvent#2 mEvent#3 mEvent#4 mEvent#5 mEvent#6 e < < < < < < < < & E re u CI n g to OXI I Z I n g
WEBR-1 MEBR-2 EBR-3 EBR-4 Event#7 M Event #8 Event #9 Event #1C M Event #11 M Event #12 mUP-1 mUP-2 UP-3 UP-4 mUP-5 mUP-6
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Pilot Study — Overall GW Benzene Changes (Unfractured Area)

Pilot Study - Bz Reductions as of 09/12/23

- Piezometers
- Monitoring Wells

- EBR wWells

Unfractured Area
= EBR™ wells > PZs > MWs
= ROIs estimated at 15-20-ft

= Changes in % reduction
decrease with distance away
from EBR reactor

= |onger operation time would
continue to enhance observed

concentration reductions

Overall Average
[Allwells]
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Pilot Study — Overall Soil Benzene Changes (Unfractured Area)

SampleID Depth Constituent Base thzene Post BEI.I.'IZEI'IE F)verall Unfractured Area
ne/ke ne/kg % Change
GP216 9 Benzene 680,000 800,000 .
GP216 11 Benzene 2,600,000 730,000 = Post pllOt Samples collected
GP216 13 Benzene 2,100,000 4,000,000
Gp215 .................... 1 5 ......... Benzene £40,000 1100000 m u ~60 days after System
GP216 17 Benzene 470,000 460,000 6% ) shutdown
GP217 9 Benzene 430,000 570,000 é
GP217 11 Benzene 2,100,000 2,200,000 c
GP217 13 Benzene 2,600,000 2,500,000 -% a = Rebound observed between
GP217 15  Benzene 690,000 720,000 3 :
GP217 17 Benzene 440,000 540,000 9% E ShUtdown and Sampllng
GP218 9 Benzene 420,000 210,000 5
GP218 11 Benzene 2,600,000 1,600,000 s n Benzene resu|ts:
GP218 13 Benzene 1,900,000 560,000 .
oots ST 0000 570,000 o Only select locations were
GP218 17 Benzene 490,000 570,000 sampled
Gh21s 9___Benzene 2,300 :
CI 1 Bemzene. 54,000 o Decreases observed in three
frﬁz }3 ﬁe”ze”e 1;‘;‘];;‘;‘] GP216 GP217 GP218 GP219 GP220  EBR-1(1) EBR-1(2) locations
2l - -] 2nieneg . ), y
GP219 17  Benzene 650,000 / (GP_218/G P_219/EBR_U1)
GP 220 9 Benzene 64,000
G20 11 Bersene 460000 " High initial Bz soil conc. in
GP 220 13 Benzene 1,000,000 N
GP220 15 Benzene 610,000 this area
GP 220 17 Benzene 450,000
£BR-1'" 9  Benzene 680,000
EBR-1 11 Benzene 2,600,000
EBR-1 13 Benzene 2,100,000
EBR-1 15 Benzene 640,000
EBR-1 17 Benzene 470,000
S Benzene 383,075

Benzene 1,848,500

Benzene 1,925,000
EBR-1 15 Benzene 732,500
EBR-1 17 Benzene 512,500
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Pilot Study — Overall GW Benzene Changes (Fractured Area)

- Plezometers

B - vonitoring wels

- EBR Wells

Fractured Area

= EBR™ wells > PZs >> MWs

= ROIs estimated at 15-20-ft

= Changes in % reduction
decrease with distance away
from EBR reactor

Longer operation time would
continue to enhance observed
concentration reductions

Fractures appear to have
improved ROl and
concentration
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Pilot Study — Overall Soil Benzene Changes (Fractured Area)

Sample I Depth  Conslituent  Base Bentens

Fractured Area

MESkg

GP-221 9 Banpans 79,000

GP-221 11 Banzana 160,000

G113 Benzene 660,00 = Samples collected ~20 days
GP-221 15 Benzens 440, 000

GP-221 17 Benzense 230,000 after Sh utdown

GP-222 9 Benzene 110,000

GP-222 11 Banrens 370,000

GB-222 13 Benzen 770,000 n 1 1fi

Shiy B e TOMO Significantly less rebound
GP-122 17 Benzene 410,000

GP-123 9 Banzene 150,000 Observed

GP-223 11 Benzene 200, D00

GP-723 13 Banzen 230,000 .
T = Benzene results:

e — = Decreases observed at
GP-224 11 Benzene 350,000 EBR™ and MW IOcationS
GP-224 13 Banrens 950, D00

GP224 15 Benzene 530,000 = Decrease more

GR-224 17 Banrana 240, D00

Gha 8 Benzenc 55,000 cP-221 GP-222 6P-223 GP-224 pronounced @ EBR™ wells;
P- ¥

e decreases @ MWs lower
GR-I25 15 Banzane 140,000 H

e = and likely due to rebound
EBR-F1L™ 9 Benzene 79,000

EBR-F1 11 Banzen 160,000 H =l
T = Lower initial Bz

EBR-F1 15 Banzen 440,000 . . .

conri 17 Bensene 230000 concentrations in this area
EBR-F2 It 9 Beniane 79,000

EBR-F2 11 Banzane 160,000 . .

BRF2 13 Bemzene 660,000 = Longer operation time

EEBR-F2 15 Banzene 440,000 .
EBRF2 17 Bencens 2000 would further reduce soil
EBR.F3E 5 Benzene 160, 000 .

EBR-F3 11 Benzene 190,000 concentrations

EBR-F3 13 Benzene G, D00

EBR-F3 15 Banrens 550,000 ’

EBR-F3 ir Banzeng 240,000

EBR-F4 ™ ] Benzane 100,800

EBR-Fd 11 Banzensa 290,000

EBR:-F4 13 Banzeneg 620,000

EBR-Fd 15 Banrens 430,000

P 17 Benzene 240,148 EBR-F1 (1) EBR-F2 (1) EBR-F3 (2) EBR-F4 (3)
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Microbial Populations
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Power Consumption

=  Unfractured Area - Operating costs included Control panel, 4-EBR™

Daily Electrical Cost [S] wells, downhole sondes, Field GC, laptop, and misc. power tools during

$14 operations

512 _— —— " Fractured Area - Operating costs included Control panel, 4-EBR™ wells,

$10 downhole sondes, and misc. power tools during operations

$8 = Electrical costs minimal - $4 to $12/day

S6 — —

%4 e Op Cost |

' e CONSUMER RATE Daily Electrical Cost [$]

S2 S12

Unfractured Area
S0
Event Event Event Event Event Event Event Event Event Event Event Event $10
#1 2 3 #a #5 6 7 #8 "o #10 #11 #12
58
56
s4 e () COST
o CONSUMER RATE

S2
. Fractured Area
o]

Event Event Event Event Event Event Event Event Event Event Event Event Event Event
H#1 H2 H#3 H#4 €5 H#o #7 €8 #9  H10 #11 #®12 #13 #14
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Real-time Monitoring Interface and Field GC
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Conclusions — Unfractured Area

= Nearly 100% run-time over 94 days

= Real-time monitoring interface also 100% uptime

= O&M consisted only of monthly EBR reactor cleaning

RESULTS

pH remained stable (7-8 s.u.)

DO increases - EBR™ wells (immediate); MWs/PZs
(~40 days)

Observed propagating ROI

Bz (GW) decreased immediately in the EBR™ wells >
PZs (slight delay) > MWs (delay)

Percentage decreases EBR™ > PZs > MWs  (>99.9%

[EBR-U1/4] to 63% [GP-219])

RESULTS (cont.)

Bz (Soil) decreased moderately in the EBR™ wells
(~25%); variable in MWs (30% to +20%)

Rebound due to sampling delays
No remarkable microbial changes

Operational costs - $6 to $12 per day

OPERATIONAL DETAILS

Inferred ROI - ~15 feet (~90 days)
Indicated reactor spacing at no more than 25 feet
Single reactors in each well will be sufficient

Operational time frame - Full-scale at least 9
to 12 months

@ aecom.com



Conclusions — Fractured Area

= Nearly a 100% run-time over 94 days

= Real-time monitoring performed well, with nearly 100%
uptime, however:

= Real-time sonde issues (multiple electrical field
interferences); hand measurements implemented

= O&M consisted only of monthly EBR reactor cleaning

RESULTS
= pHremained stable (7-8 s.u.)

= DO increases — EBR™ wells (immediate); MWs/PZs (
~30 days)

= Positive effect from fracturing (PZs close to EBR-F4)

= Bz (GW) decreased immediately in EBR™ wells; delays
in PZs/MWs (<Unfractured Area)

=  Percentage decreases EBR > PZs > MWs (>99.9%
[EBR-F4] to 1N60% " [GP-221/224])

RESULTS (cont.)

Bz (Soil) decreased notably in EBR™ wells (85%); MWs
(up to 40%)

Some rebound due to sampling delays
Microbial conditions appear more diverse

Operational costs - $4 to $9 per day

OPERATIONAL DETAILS

Inferred ROI - slightly larger >15 feet (~90 days)
Indicated reactor spacing could expand (25-30 ft.)
Single reactors in each well will be sufficient

Operational time frame - Full-scale at least 9-
12 months (enhanced from Unfractured Area)
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Lessons Learned

= EBR™ System was demonstrated robust and successful at reducing both dissolved phase groundwater and
soil benzene impacts

= Real-time monitoring would be valuable; interference issues should be revisited versus hand measurements
= Estimated power (i.e., operational costs) significantly less than the current MPE remedy

= Fracturing may have advantages related to decreased operational time, ROI, and soil/groundwater benzene
mass reductions

= More detailed economic evaluation and larger scale testing needed before recommending hydraulic fracturing
= Consideration, planning, and initial design of a full-scale EBR™ System is ongoing

= Evaluating potential alternative use of EBR reactors to concurrently treatment of water within existing GW
Collection trench to enhance operational efficiency of EBR™ System
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