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Carbon - Acronyms/Definition

e CBI - Carbon Based Injectates

e GAC - Granular Activated Carbon
e PAC - Powdered Activated Carbon
e LAC - Liquid Activated Carbon




Principal Technology Features

e Rapid reduction of groundwater concentrations
* Multiple order of magnitude concentration reductions in days / weeks

* Acceleration of contaminant biodegradation
e Elimination of low-concentration performance tailing
 Ability to secure stringent clean-up targets

* Wide subsurface dispersion
* Efficient fieldwork
* Ability to address areas of restricted access, deep plumes etc.

e Long-term efficacy
e The reagent is not consumed — it regenerates in situ



The Reagent — what it is PLUME

Liquid Activated Carbon =

e Colloidal activated carbon (1 —2 um)
e Size of a bacterium — suspends as ‘liquid’
e Huge surface area — extremely fast sorption
e A highly dispersive, injectable sorbent and microbial
growth matrix
e Sorbent
e Rapid drop in dissolved-phase contaminant
concentration
e Immediate risk-reduction
 Microbial growth matrix
e Accelerated bio-destruction of sorbed mass
e Ability to secure clean-up to much lower targets




Technical Challenge — How do we Distribute Carbon In Situ?

Physical Differences Between PAC vs LAC

Carbon Type Particle Size
ulz (m?crometers)
Granular Activated Carbon 400-1000
(GAC)
Powdered Activated Carbon 50-250
(PAC)
1-2

Liquid Activated Carbon
(LAC)



Technical Challenge — How do we Distribute Carbon In Situ?

Pore Throat Diameter &-«—
Grain Size (micrometers)
Medium Sand 8-50 e
Fine Sand 5-20 :
Silt 3-8 »
*Pore throat diameters of typical aquifer materials range (Nelson, 2009): - -

. . . Results in
Particle Size Application Pressure .
CBI Product Type . PP : Aquifer
(microns) Required .

Fracturing?

Granular Activated Carbon (GAC) 400-1000 High Pressure (>60 psi) YES

Powdered Activated Carbon (PAC) 50-250 High Pressure (>60 psi) YES

Liquid Activated Carbon (LAC) 1-2 Low Pressure (<60 psi) NO



Emplacement-thin veins

Q COLORADO
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2015, T. Fox, Colorado Division of Oil and Public Safety, Petroleum Remediation
Using In-situ ActivatedCarbon (A review of results), presented at the National Tank
Conference, Phoenix, AZ.




PlumeStop Powdered Activated Carbon

PLUME T
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Evidence of Dispersive Flow (low pressure application)

Pre-app Post-app  Distribution of PlumeStop through target
zone visually apparent

« Even dispersion evident through
permeable strata

©2015 All Rights Reserved. REGENESIS and REGENESIS product(s) are
registered trademarks of REGENESIS Remediation Products.



Electron Microscopy (

SEM) of Soil Particles

= )

Before PlumeStop After PlumeStop
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Contaminants Sorbed, Now What?

3 Primary Methods of Contaminant Destruction

* Monitored Natural Attenuation/Intrinsic
Remediation

e Aerobic Treatment

e Electron Acceptor Addition, Sparging...
* Anaerobic Treatment

e Slow release electron donors

e Lactate, recirculation systems

©2015 All Rights Reserved. REGENESIS and REGENESIS product(s) are

registered trademarks of REGENESIS Remediation Products.




What it Treats?

S

PlumeStop/PFOA Isotherm

L

e |
un

v' CVOCs including ethenes
and ethanes

]
=]

an
un

v" Petroleum Hydrocarbons

Eq. mg PFOA/g carbon
3

y = 52,15x016
(TPH, BTEX, etc.) i - R? =0.98
v" MTBE i -
v" Pesticides 45
v PFCs 10 1
35 ; : : )
0 2 4 6 8 10

Equilibrium PFOA, ppm (mg/L)
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PlumeStop + PFOA/PFOS: retardation factor

Example:
i PIumeStop® barrier width 16’ (single application at mid-range dose)

e 160 per year seepage velocity
This is at 100 pg/L

At lower influent concentrations, the retardation quickly

e 100 pg/L influent concentration
becomes much greater.

e Groundwater transit time 36.5 days

e PFOA transit time™* = 20,800 days ( 57 years)

e PFOS transit time* = 73,000 days (200 years)

* transit time peak based on individual components
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PlumeStop Site Performance - Target Well Reductions First 1 - 3 Monitoring Rounds (n =34)

70%
60%
« >95% reduction within 90 days -  65% (typically to < MDL)
50%
« >90% reduction within 90 days - 70%
E 40%
] « >80% reduction within 90 days -  90%
E 30%
« <65% reduction within 90 days -  10%
20%
10%
= [ E—
Yoo %, B R W & R U B W L e e % E e ¥ e
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% Reduction o



Stability to date?



PlumeStop Long Term Performance - April 2016 (n=31)

80%

Data Set: Long term is up to
70% show no change or drop further 738 days

85% remain within 10% of initial result Average is 199 days

70%

60%

The remainder (bar one) were pilot tests

Frequency

30%

20%

10%

0%
U N A N T N S S U S
% © Qo '(:5}_:, '\'Jo% '%‘% ")q% ‘%‘% 70% ?\S:% ‘fo% 5 60% 6%9, '}Q_,

o

o

% Increase Post Initial Capture



Field Performance

How fast does it work?
How long does it last?
|s biodegradation occurring?

©2015 All Rights Reserved. REGENESIS and REGENESIS product(s) are

registered trademarks of REGENESIS Remediation Products.



Midwest Chlorinated VOC Site Former electronics facility
S Laaamedeny ol oS Contaminants: TCA, TCE, etc.
' : « TCE 1,390 pg/L
« TCA 3,550 pg/L
Treatment Area:
* Plume area only, no NAPL

 PlumeStop: 10-pt low pressure
injection grid around MW-6

 HRC electron donor applied up-
gradient
Site Characteristics:
e Sandy to silty sand; v = 12 ft/yr
« DTW = 10-13 ft bgs

©2015 All Rights Reserved. REGENESIS and REGENESIS product(s) are

registered trademarks of REGENESIS Remediation Products.




Concentration (pg/L)

4,000

3,500

3,000

2,500

2,000

1,500

1,000

500

VOC Groundwater Concentrations Following PlumeStop™ and HRC® Injection

@ PlumeStop

COLLOIDAL BICMATRIX
. ——pCE
10 x reduction
=BT CE
e cis-1,2-DCE
100 x reduction c
smpme 1, 1-TCA
1000 x reduction ——
=1,1-DCA
‘1,1-DCE
1,2-DCA
proliferation of VOC-degrading microflora
= dissolved-phase VOC at/close to ND - now >2 years...
non-detect yr5iected sorptive 1 year and 18 months and
saturation from influx counting... counting...
I'l .- e l l l
L
]
-150 -50 50 150 250 350 450 550

Time Post Injection (days)
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RISC Industrial MW-6 T MW-6 )
Residential [Closure Criterial
Constituent Closure
Criteriat Sep-13 Dec-13  Mar-14 Jun-14 Sep-14 Dec-14 Mar-15 [Jun-15 Sep-15 Dec-15 Mar-16

1,1-Dichloroethane 990 10,000 254 ND(5) |ND(5) ND (5) ND (5) ND (5) ND(5) [ND(5) ND(5) ND(5) ND(5)
1,2-Dichloroethane 5 31 ND (5) ND(5) |ND(5) ND (5) ND (5) ND (5) ND(5) [ND(5) |ND(5) ND(5) ND(5)
1,1-Dichloroethene 7 5,100 350 ND(5) ND(5) ND (5) ND (5) ND (5) ND(5) [ND(5) |ND(5) ND(5) ND (5)
cis-1,2-Dichloroethene 70 1,000 147 ND(5) |ND(5) ND (5) ND (5) ND (5) ND() [ND(5) ND(5) ND(5) ND (5)
trans-1,2-Dichloroethene 100 2,000 ND (5) ND(5) |ND (5) ND (5) ND (5) ND (5) ND() |[ND(5) ND(5) ND(5) ND(5)
Methylene chloride 5 380 ND (5) ND(5) ND(5) ND (5) ND (5) ND (5) ND(5) [ND(5) ND(5) ND(5) ND(5)
Tetrachloroethene 5 55 ND (5) ND(5) |ND(5) ND (5) ND (5) ND (5) ND(5) [ND(5) ND(5) ND(5) ND(5)
1,1,1-Trichloroethane 200 29,000 (3,860 16.6 ND (5) ND (5) ND (5) ND (5) ND(5) [ND(5) |ND(5) ND(5) ND(5)
1,1,2-Trichloroethane 5 50 ND (5) ND(5) |ND(5) ND (5) ND (5) ND (5) ND(5) [ND(5) |ND(5) ND(5) ND(5)
Trichloroethene 5 31 1,420 ND(5) |ND (5) ND (5) ND (5) ND (5) ND(5) |[ND(5) |ND(5) ND(5) ND(5)
1,2,3-Trichlorobenzene NL NL ND (5) ND(5) |ND(5) ND (5) ND (5) ND (5) ND(5) [ND(5) |ND(5) ND(5) ND(5)
Trichlorofluoromethane 1,700 31,000 [ND(5) ND(5) |ND (5) ND (5) ND (5) ND (5) ND(5) |ND(5) ND(5) ND(5) ND (5)
Vinyl chloride 2 4 ND (2) ND(@2) ND(2) ND (2) ND (2) ND (2) ND(2) [ND(2 ND(2) ND(2) ND(2)
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Field Performance

How fast does it work? 92% Reduction in 2 weeks, ND 6 months
How long does it last? >2 years and counting

Is biodegradation occurring? Yes. Sorption saturation should have
occurred at 8.3 months due to upgradient contaminant mass flux

©2015 All Rights Reserved. REGENESIS and REGENESIS product(s) are

registered trademarks of REGENESIS Remediation Products.



CASE STUDY: PETROLEUM RELEASE SITE, NEBRASKA

e UST Site: TPH/BTEX
e Remedial Strategy:

— PersulfOx°-source/mid-plume
PlumeStop/ORC-distal
plume/barrier

e Concerns for Remedial
Injections:

— ldentify permeable
zones/target injection
intervals

— Confirm injection rates
— Confirm contaminant mass

'tlnm.'

a
.




Distal Plume Treatment

Wertical injection interval will primarily target the more
permeable zone consisting mainly of poorly graded
sand with fines. However, the lean clay soil
immediately above the sand zone with the high PPM
HNU readings will also be targeted in the 3 treatment
lings shown in red. The Distal Plume vertical
treatment zone will be from 16 to 23 feet bgs. This
'will be confirmed by soil coring prior to injections.

Note: Pink injection points are not part
of the Regenesis design and were an
the site map provided by Benesch.
Actual locations for points to be placed
in field per specified spacing in the
product output sheets.

Three continuous soil cores to be collected and logged to identify
preferential transport zones. These zones will be targeted with
chemical injection and used to refine injection intervals on-site.

10" IWWOD

HILS

i

1 of 3 proposed
continuous soil core
locations

IiodeC

1

GMmmu
Storage Building

Mid Plume Treatment

_ | | Vertical injection interval will target the more

i permeable zone and high PPM HNU readings

| Jzone from 17 to 23 feet bgs. To be confimed
| by soil coring prior to injections.

i'rl
MI'F
vt

Source Plume Treatment
(Area is ~ 1,200 square feet.

[Approximate vertical injection
range is 10 to 28 fest bgs. To
be confirmed by soil coring
pricr to injections.

|

Legend

» Injacion_Point

M HIUACWELL LOCATION

B MONITORING WELL LOCATION

[-77] PROPOSED INJECTION AREA
I FisER UTILITY CORRIDOR
- WATER MAIN

LEGEND

Injztion Point — ORC (Distal Plume]

injectian Paint - Perswl e (Sowrce]

Injection Poing— an.llfclsejmu Plurmie)

In]ucbnnPclnt—thoEbuE—iwcunr_
[Distal Plume|
bnjecthan Point — ﬂlumustug - High Conc.
{Distal Flume)

@ Dizsign Verificatian Boring
ecover Well

@ Monitoring wWeil




CASE STUDY: POST APPLICATION RESULTS

TPH-Gasoline & Benzene
Source Area Monitoring Well

T Pre-Application Concentrations

Concentration (ug/L
Ul
o
o
S

Non-detect levels
: = |

0 20 40 60 80 100 120
Days Following Application

--Benzene (Source) -=-TPH-Gasoline (Source)



CASE STUDY: POST APPLICATION RESULTS

TPH-Gasoline & Benzene Concentrations
Down Gradient Monitoring Well

I ————— Pre-Application Concentrations

Non-detect levels

Concentration (ug/L)
[y
u
o
o

1000 ‘Z
500
0 T Below groundwater MCL
0 20 40 60 80 100 120

Days Following Application

—-Benzene (Down Gradient) —-TPH-Gasoline (Down Gradient)



Field Performance

e Chlorinated solvents

* Post-sorption
degradation

e Lines of evidence

©2015 All Rights Reserved. REGENESIS and REGENESIS product(s) are

registered trademarks of REGENESIS Remediation Products.



California Site

e ‘Dune Sand’ formation RREAL SIS | &

e 33 ft/year groundwater flow __ E

e High redox conditions mm Y
(aerobic) . & W o gé

* No attenuation evident s (0 PROPERTY | ¢ MWL

« PCE 550 ug/L .t

 No daughter products .

* PlumeStop N

e Electron donor and bacteria e ] . @""&&

(DHC)

©2015 All Rights Reserved. REGENESIS and REGENESIS product(s) are

registered trademarks of REGENESIS Remediation Products.




Historic Data

Steadily increasing PCE
No daughter products

(aerobic conditions)

MW-3 (ppb)
Year PCE TCE VC 1.2 Cis VC
2001 156 0] 0 0 0
2002 94 0 0 0
2002.5 242 0 0 0
2003 174 0 0 0
2004 147 -0 0 0
2005 122 0 0 .0
2006 203 0 0 0
2007 584 0 0 0l.
2008 310 0 0l 0
2009 587 0 0 0
2010 330 ol 0 0 0
2011 . 501 0 0 -0 0
2012 499 0 0 0 0}

©2015 All Rights Reserved. REGENESIS and REGENESIS product(s) are

registered trademarks of REGENESIS Remediation Products.




Contaminant and Dechlorination Microbial Assay Trends
Application @ PCE immediately { to ND (<5ug/L)

600 Micro parameters increase post-app then | s
e o decrease after ~two months
30,000

500 s CE (daugher products n/d) /‘/a\-‘
a‘ === Dehalococcoides ssp. (DHC) /’/ 2 2 5\\
% “+=tceA Reductase (TCE) % \\\ 25,000 —_
% 400 ==s#=\/inyl Chloride Reductase (VCR) / \\ E
.E- =~ Dehalobacter ssp. (DHBt} \L"\\ 20.000 %
[T} " .. :
E Dehalogenimonas spp. (DHG) (+100) N It. -
8 300 e hE2thanogens (MGN) \\ { =l E
E \QI\L\))' 15,000 ﬁ
E L -
E 200 . .E
S 10000 2

100

5,000
0 = S —— 0
-30 -20 -10 40 50 60 70 80 90
s (no methanogenesis)

©2015 All Rights Reserved. REGENESIS and REGENESIS product(s) are
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Application

Longer Term: PCE Post-PlumeStop (saugnter products non detect)

600

500

400

300

200

Contaminant Concentraion (pg/L)

100

0 "
-60 0 60 120 180 240 300 360 420

d
< MQL (5 pg/L; 0.5ug/L) through 7 consecutive sampﬁ\r?g rounds — 451 days (15 months) and counting...

e LUGHESET




Data Summary

e >99% (two OOM) PCE concentration reduction within 14 days
— 550 pg/L to non-detect (<5 pg/L)

e Optimal dehalorespiration conditions established
— Redox from +254 mV to -150 mV (30 mV) ‘sweet spot’
— Competing electron acceptors depleted

e Post-inoculation microbial trends
— Increase then decrease in dechlorination species and enzymes
— Consistent with solvent metabolism and depletion



Thank You!

Questions?

Carlos A. Ortiz
South Central District Technical Manager
cortiz@regenesis.com
469.416.9650
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