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Introduction

Site Background
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Remedial Objective

* Provide source and margin control
* Constraints:

e Low 0O&M effort

» Site access constraints (everything

temporary/below ground)
* Long-term Effectiveness

* Permanent arsenic sequestration
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Arsenic Mobility in Groundwater

Primarily a function of three factors:

Generally, arsenic is least soluble
under oxidizing conditions, at a
neutral pH and in the presence of
ferric iron (iron[III]).

Under oxidizing conditions/neutral
pH, arsenic is expected to precipitate
out and form stable and generally
immobile compounds such as ferric
arsenate.

Adsorption Sites
(primarily ferric
iron)

Can’t destroy arsenic, but only change
state.
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Remedy Evaluation

Seven treatment schemes Assess tidal effect on Implemented ISCO pilot study
including iron oxyhydroxide geochemistry and arsenic using Persulfate + FeOOH
(FeOOH), GeoBind, FerroBlack, migration

Persulfate/FeOOH, ZVI/gypsum, a‘l> /;>
EHC-M, and Green Tea Extract. . .
— Mixing and tidal influence —

95% arsenic removal using created natural barrier for LA e
Klozur Persulfate + FeOOH were short-lived and

arsenic migration

treatment. challenging lithologic

distribution
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Approach

PILOT STUDY

Airsparge Pilot Study Objectives

« Test a modified oxidant delivery approach using airsparge
to overcome the difficulties that affected ISCO

performance (longevity distribution). AT
ST o B ..-"'f
« Evaluate the effect of oxygen delivery to alter the -1 il
geochemistry and allow for co-precipitation/stabilization e /

with native dissolved iron
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« Secondary benefit of sparged air of promoting
bioremediation of organic carbon or TPH

« Evaluate the distribution of injected air in the saturated
zone and the ability of injected air to make the desired
geochemical changes in the groundwater.

Pilot Study Area
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Pilot Study Overview

* Mobilize airsparge delivery system
(compressed air)

* Installed six air sparge wells, three in
the shallow zone (0 to 35 feet below

it T e

ground surface (bgs)) and .. i - Area-.-".-ff;"?i{-_;{
intermediate zone (35 to 75 feet bgs) & ' i R < TV e o Sy e

 Conducted a 1-week step test
followed by 7 weeks of rotational air
delivery with an 8-week rebound
assessment
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Performance Monitoring

e DO/Redox
 Helium concentrations
* Pressure

 \Water levels
« PID
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Results

o ROI of up to 44 ft was achieved within
the shallow zone

o ROl of up to 37.5 ft was observed within
the intermediate zone

* Percent reduction range from 75% to 99%
with the exception of N-28 (50%)

* Longevity/Permanence

 Decreases in iron and arsenic support the
hypothesis that co-precipitation is occurring
within the aquifer.

« (Geochemical observations within the pilot
study areas were supportive of an oxidative
shift in the groundwater environment.
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Dissolved Arsenic Concentrations (ug/L)

Monitoring Well Baseline 8 Weeks (end of pilot) r;:omiie;so(n?o(:ir?;)
N-11 450 37 230
N-23 5,900 34 68
N-28 9,100 4,700 9,800
Dissolved Arsenic Concentrations {pg/L)
Monitoring el Baseline 8 Weeks (end of pilot) r;:uﬁzefnieﬁz‘:i:;}

N-11 450 37 230

N-11A 500 150 100

N-38A 3,000 26 18

N-39A 43 25 8.2
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Results

Field Measurement s

Eample 10

Intermediate
H-11

H-114

M-3R

H-294
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(nail] (nall]
SGife Morwforirng Well Dafe
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k-1 Bazeline 1222018 Ao 1B Shallow 450 530
H-11-DIJP 122720108 Bta1h Shallow 450 a00
R-11 wieek 4 212018 ) (4] Shallow 190 4,800
R-11 wWieek B F1F2019 ] (4] Shallow ar 3,300
M-11 Rebound ‘week 4 432019 Bta1h Shallaow 170 13.000
R-11 Rebound ‘wWeelk 8 R0 ) (4] Shallow 230 E.300
M1 Baszeline 12272018 39043 | Intermediate 500 880,000
11 wWieek 4 22019 Btodd  |ntermediate 280 240,000
M-112 Wwheek B FF2019 tod3  |ntermmediate 150 250,000
-1 Rebound “week 4 452013 9to 43 |ntermediate 160 530,000
-1 Rebound “week 8 HEZ019 39043 | |ntermediate 100 520,000
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-84, Week 4 22019 A0t B0 Intermediate NE3 1,600
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-394, Febound ‘weelk 8 SE209 40w B0 Intermediate a2 B8,000
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Lessons Learned

« Conduct pilot tests

« Complex lithologic heterogeneities caused
distribution challenges

* Mounding/water level rise was a challenge but we
were able to address it during step test phase

« Perform step testing such that you can optimize
delivery parameters (flow rate)

* Pulse locations — channel flow/less preferential
pathway delivery/less power needs

* Renewable power potential with pulsed
operation

* Did not compromise the ROI
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Conclusion

Longevity

* Once reach oxidative state, able to maintain/self sustain aerobic
conditions for years (continue to see reduced concentrations over 5
years)

« Using naturally locally available oxidizers and adsorptions sites (native
ferric iron and air) with tidal oxygenation at the margin

* Up to 99% reduction of arsenic concentration at several performance wells
including several below MCLs (10 ug/L)

* Full Scale design using horizontal wells pending regulatory review
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Thank you If further information is

required, please contact:

Justin Kerl, PG

Justin.kerl@erm.com

Special Thanks to my colleague Arun Chemburkar, PE.
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