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Bench-scale Column
Studies

Conducted at Princeton University
Collaborator Professor T.C. Onstott
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Geosyntec® Anaerobic Chamber at
_—— Princeton University
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As-rich natural groundwater equilibrated
with sediment columns for 1 month.

Na,SO,, ethanol, Na lactate and
(NH,),PO, was added to the
groundwater.

Total As dropped by 10x in < 5 days as
SO,, ethanol and lactate decreased in all 4
columns.

No significant release of As was

\observed during the reduction phase.
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SERDP Field-Pilot

Avon Park AFR, Florida
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Pilot Test Layout
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Pilot Test System
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© Amendment Composition

= Sodium lactate (NaC;H:O5

= Ethanol (C,H:OH)
= Stopped injecting on 7/24/08

= Diammonium Phosphate
((NH4)2HPO4)

= Sodium Sulfate (Na,SO,)
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Geosyntec® Results: As Precipitation
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Geosyntec® Sediment Traps
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Field Pilot

Fertilizer Manufacturing Facility
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Geosyntec® Direct Push Pilot Test
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Amendment Composition

Compound Name Volume added | Concentration Diluted Total amount
per 470 gallon in Stock Concentration injected
batch Solution in during the
Groundwater study
Water 455 gallons 8190
28 6% 1.2%
ifi il 4 Il
Emulsified Soybean Oi [14] [3%] 10.6%] 90 gallons
Calcium Carbonate
10.3 k 2 /L 1124 mg/L 186 k
(Caco,) 0.3 kg 5620 mg g g
Ferrous Sulfate (FeSO,) 475 kg 2626 mg/L 525 mg/L 86 kg

Injected at 2’ intervals from 30 to 50’ BGS
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Design Steps

Calculate pore volume of treatment
area.

Calculate electron donor dose for pore
volume.

Estimate radius and volume for an
injection point.

Calculate number of injection points
based on above.

Adjust number of injection points based
on cost limitations and site constraints
(e.g., utilities).

Divide volume of electron donor by
number of points to obtain dosage per
point.

Layout injection locations (e.qg.,
staggered grid).

Design of Jet Injectio

Layout of 18 Injection Points

P L >ie L bie L >
1 o o o) o)
I- 1-2 1-3 1-4
7’ 1 ® M-1
1-5 1-6 1-7
A
)
7 clc
o[ 0
x| ©O 1-9 © g_% O j-10 o
e ® V-3 < 5 =L
- ®N-2
7’
@) @) @)
1-12 1-13 1-14
7’
1-15 1-16 1-17 1-18
@) @) @)
1’ Not to scale

30’ by 30’ pilot test area

® v-4 Geosyntec.com

engineers | scientists | innovators



-3

—A—M-2 (dup)

——M-1
——-M-2
=M

—¥—=M-4

Pilot Test Results

Injection: 11/7/2008

1.4
0.2
0.0

(1/8w) sv panjossia

Geosyntec®
consultants

ot/vz/s

ot/sz/¢

0T/¥2/1

60/ST/1T

60/92/6

60/8¢2/L

60/62/S

60/0¢€/¢€

60/62/1

80/0€/1T

80/1/0T

&
[}
(3]
b
=
@)
(5]
)

W
[
=]
=
g
=]
=

|
W
=
w

=
=

i
|5
@
4]
-+
7]

8
=2
]



Geosyntec®

consultants

Full-Scale Remediation

Fertilizer Manufacturing Facility
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- Source Area Design

,/’// .;:] -----------------------------------------------------
= | e
o it S
« Arsenic source area Ouz,;s
s anaa S b A |
« E-donor used to reduce =~ T
sulfate in order to e

immobilize arsenic as
arsenic-sulfide minerals.

ES. 1
1. LIMITS OF WORK JACCESS AND LAYDOWN AREATOBE
e DISCUSSED WITHIPLANT MANAGER.

--------------------------------------------------

BIOSTABILIZATION FULL-SCALE SOURCE AREA

* Semi-passive circulation of
EVO and ferrous sulfate using

Six injection wells

e 2 extraction wells on outside

. Two extraction wells in
e 6 injection wells

) middle of source area
e Trailer-mounted system

e Construction in Summer 2014
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G tec®
= Components of the Groundwater System
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Geosyntec® . .
s Circulation Schedule

Step 1 (15 Days)

- Step 2 (10 Days)
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The pumping configuration is adjusted during groundwater
recirculation to better distribute amendments
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Geosyntec® :
ks Source Area Design Summary
_ . M

« Amendment distribution = one pore volume = 4M gallons of
groundwater

o At 70 to 100 gpm total flow, delivery of amendments = 38 days

» After amendment delivery, piping and electrical will be disconnected
and the treatment trailer demobilized

« Amendments are expected to last for ~2 years (perhaps more), so
the expected O&M is a month of amendment delivery every other
years

* Monitoring: semiannual for the initial 4 years, annually thereafter
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Field Pilot Test

Florida Power Company




Geosyntec® Pilot Test Layout
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Amendment Injection Well .

Petformance Monitoring [P) Well

Monitoring Well Location (Arsenic Concentration [UgsLI)
Underground Injection Contrel (UIC) Location (Arsenic
Concentration [1g/L])

UIC and PMWell Location (Arsenic Concentration [pg /L) =
4, MW-48 (29.75)

6 660

40 Feet

10 pgsL Arseniclsopleth

Approximate Site Feature Boundary

: Geners| Treatn ent Zone 5

| Estimated Zone of Discharge

77777 Areafor Proposed Groundwater Remnedial Action

PMotas;

1. Results are presented in micrograms per liter (g},

21 indicatesthe reported value is between the laboratory method
detection limit and the laboratory practical quantification limit

% Data presented isfrom September 2009 and Juneand O ctober 2070,

4. Propesed groundwater remeial action area was presented in
Geosyntecsfocused feasibility study dated 20 April 2011,

5. Source of 2011 Aerial: Microsoft Corporation, Bing maps.

PllotTest Area with Injection Well
and Monltoring Well Network

Tatnpa Electric Company
Bayside Power Station
Tampa, Florida
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Tarmpa, FL April 2012
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Process Flow

Diagram
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TAMPA ELECTRIC COMPANY
BAYSIDE POWER STATION
TAMPA, FL
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TAMPA, FL

DATE: QOCTOBER 2011 [ FILE NO. FR1285.06F02

PROJECT NO. FR1946 | FIGURE NO. i
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GeosynteCD Amendment Preparation:
consultants Emulsified Soybean Qil and

Ferrous Sulfate

Lo amg
TE gu
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Fo. 5 S ot A i G DO o e, G | o
- ‘ ettt bl .

Injection Equipment: f
Two 550 gallon poly tanks for =
amendment mixing and storage, ———>|
20,000 gallon frac tank for storage
of anaerobic water, injection
manfold, hosing, and pumps.
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Geosyntec® Pilot Test Results
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