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Introduction

Research Questions
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1. What happens to Organic Chemicals Once Released into the

Soil-Water Environment?

Volatilize
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Solubilize
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IN[  Contaminants-Remedial Treatments Performed at UNL TN

Pesticides Chemical Oxidation Treatments
* Atrazine 4  Fenton’s Reaction (-OH)
+ Cyanazine « Permanganate
. M_etolachlor « Persulfate
. D!Camba e Ozone
e Dinoseb

| 5 Chemical Reduction Treatments
Explosives Soil Treatments « Zerovalent Iron (Fe°)
* RDX, TNT, HMX Ol ireatments - Dithionite (Redox barrier)

« Fe(ll)

PAHSs
NAPLS

« TCE, PCE, TCA
« BTEX

1.4-Dioxane




Development of Direct-Push, Oxidant Delivery System

DIRECT-PUSH OXIDANT CANDLES . .
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How Aerated, Direct-Push Oxidant Candles were Developed

Background/Timeline:

* 2005 — Federal Earmark Grant - “Developing Innovative Treatments for
Contaminated Soil and Water”

e 2009 — Nebraska Department of Environment and Energy (NDEE) = Cozad
Landfill 2 TCE Contaminated Groundwater :
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How Aerated, Direct-Push Oxidant Candles were Developed

Background/Timeline:

* 2005 — Federal Earmark Grant - “Developing Innovative Treatments for

Contaminated Soil and Water”

e 2009 — Nebraska Department of Environment and Energy (NDEE) - Cozad
Landfill 2 TCE Contaminated Groundwater

e 2009 - Extensive sampling/surveying finds VOCs located in low permeable

zones of aquifer
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Injecting Liquids Into Low Permeable Zones

Previous Project Formation
may not readily

accept liquids

150
Distance (ft)




Aerated, Direct-Push Oxidant Candles

Background/Timeline (continued):

e 2010 — Manufactured “oxidant candles” and inserted into formation to

intercept contaminant plume (Mark Christenson — lead graduate student).
- Plac P C =3

Drop'down well

- - Direct-Push i
| (no wells) i

Oxidant Candle
In Water

1day Miniature 7 day

Permanganate Candles
candles




Direct-Push, Oxidant Delivery System (2012 > Present) N
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Modular Oxidant Delivery System
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Why Use Alr?

With
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e
r__________'v - o

/‘#///




Airlift Pump

German engineer Carl Emanuel Loscher in 1797

Air

Compressor C/\_,?




Airlift Pump with
Oxidant Candles

Time-lapse video of
5-foot Permanganate
Candles placed in
water tanks, with and
without aeration
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Air Bubbled Up Elow

Inside Screen




Aeration — Induced

Circulation
Air Supply Lin /Air Bubbles
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Radius of Influence
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Radius of Influence
If Advection is low, ROI will Continue to Grow
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Radius of Influence
Seepage velocity will influence drive point spacing

Up Gradient
Flow

Concentric Growth
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#1 Landfill-Cozad, NE

AT

,-Dual Phase Extraction

Permeable Reactive Barrier-

Oxidant Candles®

~-Volatilization Lagoons

-- Phyto-Remediation



Landfill-Cozad, NE

CZ-3 e Landfill-Cozad, NE
cz-7

Up Gradient

Oxidant Candle®
with Aeration

>99% Reduction
in 7 years

In Barrier

Trichloroethene (ugfL}
Trichloroethene (ugfL)

CZ-3 CZ-3 CZ-3 CZ-3 CZ-2 CZ-3 CZ-2

Jul-10 Juk-11 Now-13 Oct-14 Qct-15 Oct-16 Oct-17 CZ-7 7.7 C2-7

a— - _ ¢ 1 i Cz.7 CZ.7 CZ7
= 213 266 461 999 374 347 252 Ju-10 Jukid Now13  Oct14  Oct15  Oct-16

BTCE 315 54 15 2 (3] 0
Sample Date and Concentration (pg/sL)

Sample Date and Concentration (ugfL)

Landfill-Cozad, NE
CcZ-11

."\uLig'l_
Oxidant Candle®
with Aeration

>99% Reduction
in 7 years

Down Gradient
Groundwater  agrated Permanganate Candle

Flow Barrier

Trichloroethene (HgiL)

CZ-11 CZ-11 CZ-11 cZ-11 CzZ-11 CZ-11
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uTCE 371 249 29 2 B 0

Sample Date and Concentration (ug/L}



#2 TEXtron‘LinCOIn N E Results from Gnd Samplmg |

e Source Zone Treatment
« Oxidant Candle: Persulfate

» “Reloadable” Drive Points
Inserted by Direct-Push T o | J

« Site: Industrial/Manufacturing 5-5010000 %/
« Contamination: BTEX °1 %OO 2060

BTEX Concentrations (ug/L)

» Aquifer: Fine Sands and Clay g | 0
w20 000 |
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Installing Reloadable Direct-Push Oxidant Delivery System

Add Outer Add nstall Elush Insert oxidant
Hollow Stem Drive Down CRhamber el niﬂiuntgz " Candle with air and
Auger (5 ) 3" Rod emove P vent lines

Rod/Auger Bentonite casing

Sand

Sand

Sand
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#2 Textron (BTEX Site, Lincoln, NE)
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#2 Textron (BTEX Site, Lincoln, NE)

| ey Monitoring ¢ Observed
Well i

Groundwater Flow

"~ Drive Points

7

21 Drive Points
Screened 10-20 ft. bgs

Up Gradient
Flow

Air
Compressor




#2 Textron (BTEX Site, Lincoln, NE)

+ o Monitoring ¢
Well

3.0—; Groundwater Flow

L ' "~ Drive Points

7

: 21 Drive Points
+TX-3 Screened 10-20 ft. bgs

~+- TX-4 & Air

Compressor
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#2 Textron (BTEX Site, Lincoln, NE)
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#2 Textron (BTEX Site, Lincoln, NE)
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#3 Konecky (BTEX Site)

Compressors (2)

Groundwater

L MWL

Treatment:
> Persulfate Oxidant
Candles + Fe?®

Summary:
> 16 Drive points
> 4 separate source areas
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>
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3
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MW-9
Sep-16
20.1
22.3
36.9
1050

MW-23
Sep-16
2360
6180
478
5490

¥

KoneCky EA]I;[_Jmm]fit: lLLc
MW-9
= 92%
Reduction in 8
months

MW-9 MW-9 MW-9 MW-9
May-17 Sep-17 May-18 Oct-18

31.8 21.2 8.39 3.01
19 15.8 7.7 0
97.6 52.2 49.4 3.1
1340 894 612 107

Konecky Aiﬂjfty
MW_ 2 3 Environmental 1Lc
100%
Reduction
in 8 months
]
-

MW-23 MW-23 MW-23 MW-23
May-17 Sep-17 May-18 Oct-18

896 12.5 0 0
2770 13.8 0 0
317 462 0 0
2640 17.2 0 0
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Traditional ISCO versus Aerated Oxidant Candles
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Comparing Liquid ISCO with Oxidant Candles
During Transport

1.2 | I I I I I I I I

Control - Tritium
Control - Phenol
Liquid PM 25,000 mg/L - Phenol|
Liquid PM 20,000 mg/L - Phenol
Aerated Oxidant Candle - Pheno

Similar Permanganate Added |

But Better Distribution with
Candles

o
mqpP>Oe

O
oo
|
!

Concentration (C/C )
o
(@)
|
I

I
2 4 6 8 10 12 14 16 18 20
Drainage Water (kg)




Truths and Misconceptions




Truths and Misconceptions

1.Oxidant candles must be spaced 3 feet apart.

Based on Diffusion, First Field Site used
Close Spacing.

h 4
Cozad Site (2010) Aquifer * Ll e /7
4-:35 // ")EE-"
JEW A
‘ '}/ P Sh ® Groundwater ;EE '/ e Groundwater
N or o3 @’\ Flow & = Flow
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° . o ; % e dE
— § —
s ® . # fA < @ & # /]:Z 217 = ;‘:\
o Foou ==
# # ® # 'ﬁ' ’\ ® Oxidant Candle / \Air Chamber Casing
“'"'L # Sf: # ks s2 Chamber Casing xidant Candle
559 # # "
085m & * # ’\* s
# R el :
=t et % iy . Biaa Aeration allows
A - SiltyClay " : :
s10 07'0 |
i T Wider spacing

# 5.1cm (2in) direct-push

7.6 cm (3in) in wells First Candles were inserted into
RV ENEAREERp R Low permeable Silty Clay
‘F

e (Aeration not Considered)



Truths and Misconceptions

2. Oxidant candles must be scraped each yeatr.

Original 3” Permanganate Added Anti-Scaling . Wax-less Candles
Oxidant Candles 160 A. Permanganate
i {. e 140 4 108
SRS T TR 120
= 100 /’“_ 00
80
Q 60 0.4 &
E’ 40 mafg IRPRS)
— 2 pal TN 3
2 N o o0 I I 0.0 E
by Y, 4+ ]
-\.’._, e g 180 | ! 1o X
T A RS S 160 B. Persulfate =
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- e | O +06 O
S e 100
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20
0 0.0
0 200 400 600 800 1000
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Truths and Misconceptions

3. Oxidant candles do not apply enough oxidant mass

Reloadable Design Allows Oxidant to be Replenished as Needed

Initial Design (2012) Reloadable Design (2016)

Air Line
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Laboratory Scale
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Aerated, Direct-Push Oxidant Delivery System

Contact / More Information

AirLift Environmental, LLC
5900 N. 58! Street, Suite #5
Lincoln, NE 68507

(402) 467-6422

Mark Christenson
(402) 617-0434
mark@airliftenvironmental.com

VS AUAYIV4 S He\I A= YNc] D MINIMIZE COST

James Reece
(402)-770-1870
lames@airliftenvironmental.com

Website: http://airliftenvironmental.com/
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Aerated, Direct-Push Oxidant Deliverx sttem

Patent AirLift
. Environmental
Christenson, M., Comfort, S.D. el

2018. Modular Oxidant Delivery
System. United States Patent.
Patent No. US 9,925,574 B2.
March 27, 2018.

AirLift Environmental, LLC

Modular Oxidant Delivery System Cross-Section View

This patent was submitted by NUtech
Ventures.




Volume Injected
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10%



