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Conceptual Site Model: Tampa, FL e
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concentration

Sand J | metals release
Sand Zone (SZ) ' (surface and
impacts less subsurface)

significant; attenuating
via dilution/advection
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groundwater (GW)
settling in Transition
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: A ARCADIS i
Conceptual Site Model: Tampa, FL (example)
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OuU2 Groundwater Nature and Extent

E Transmon Zone

Direction ®

Exceeding
PS

Metals listed in
the ROD:

As 10 pg/L
Cd 5 ug/L
Cr,; 100 pg/L
Pb 15 ug/L
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In Situ Chemically Induced Sulfide Precipitation

* Injection of sulfide into an aquifer to
facilitate the formation of comparatively
less soluble metal precipitates (versus
carbonates and hydroxides).

0 1
S;21SZ S,2

- Polysulfide is a readily available form of pC
sulfide (S,#) (i.e., calcium, potassium,
sodium) 4-

* Predicted distribution suggests n =410 6

(for pH > 9.5; typical of polysulfide) 6 , | . |
6 7 8 99510 11 12
« Acidity scavenging and potential formation pH
of hydrogen sulfide (H,S); Review inert Adapted from
materials (e.g., arsenic, selenium) Kamyshny et al. 2004

Eleventh International Conference on _~
Remediation of Chlorinated and Recalcitrant Compounds

sl | 2 =
© Arcadis 2018



In Situ Chemically Induced Sulfide PreC|p|tat|oﬁ

Difference
Factor

DF — K ,of Me(OH),
Cadmium (Cd?*) 3.6 x 10-%° 3 x 108 K, of MeS

Chromium (Cr,,) None = DE = Diff Fact
. o 5 = Difference Factor
Iron (Fe<*) 1.1x10 9x10 K., = Solubility product

2+ -45 11
Copper (Cu?*)  8.5x10 1x10 Me(OH), = Metal hydroxide
Lead (Pb2*) 3.4x10%8  3x108 MeS = Metal sulfide

Nickel (Ni2*) 1.4 x 1024 1x 107
Zinc (Zn?*) 1.2 x 1023 3 x 108

Conner 1990
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In Situ Chemically Induced Sulfide Precipitation

Predicted solubilities

10,000
Difference _

j
Cadmium (Cd?*) 3.6 x 10-2° 3 x 108 ?En /
Chromium (Cr,,)  None —~ -
Iron (Fe2) 1.1 x 10-19 5x 103 2 Ni(OH), -
Copper (Cu2*) 85x1045  1x 10" g
Lead (Pb%*) 3.4 x1028 3 x 108 g
Nickel (Niz*) ~ 1.4x102*  1x107 S o, _NIS MCL =
Zinc (Zn?)  12x102  3x108 100 pg/t
' Suthersan et al. 2009
Conner 1990 00— % 9 10 1 12 13 1
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In Situ Chemically Induced Sulfide Precipitation
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Design Overwew

2 GW Flow o/}
Direction ¥

| Transition Zone

| 18,000 ft2 |

Exceeding |

PS
10 ft
~ Radius of
Influence
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: : A ARCADIS |
Design Overview (cont.)

_______ Metric_____| May 2016 to May 2017

Points Completed: 787 points
Na,S, Injected (35.5% assay): 69,080 gal
NaOH Injected (50% assay): 5,520 gal
Water Injected: 1,651,340 gal
Total Volume Injected: 1,705,980 gal
Na,S, Injection Concentration 1.93% by wt
(as sulfide):
NaOH Injection Concentration: 0.24% by wt

Eleventh International Conference on
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A ARCADIS

Design Overwew (cont )

20 to 30 simultaneous DPT One of two 16-leg Na,S,/NaOH
injection locations through an injection manifolds shipments via tanker
active facility truck: Bulk onsite

storage in secondary
containment
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DeS|gn Ratlonale Treatablllty TestmgﬁARCAms aaaaaaaaaaaaa

s ”‘“j SZ and TZ 2-L Conflrmed efficacy for metals

Sz 2% M Tz 2% Jarsdosed with removal
2% wt Na,S,

= = = f) Highlight challenges

\ ¥ associated with Ni removal
I ctrl

I 3

=

Confirmed importance of co-
precipitation for Ni removal

y -

ctrl
N

! sl Conflrmed 2% by weight Na,S,
SZ and TZ jars with 0.25% wt

and 0.25 NaOH combined dose

aOH and 2% wt Na,S,

Eleventh Intern monal Conference on
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Design Rationale: Polysulfide Management
pKA1 =7.04

- Sulfide can scavenge acidity; forms 0
hydrogen sulfide (H,S) (flammabile, [H,S]
asphyxiant, toxic)

 Solubility of H,S in water ~4 to 5
grams per liter (g/L)

Alkaline pH favors sulfide delivery

* Injection concentration: ~20 g/L as
sulfide; H,S represents potential
inefficient reactive sulfide delivery

« NaOH can be a sacrificial acidity
scavenger; optimize polysulfide
distribution

Eleventh International Conference on
Remediation of Chlorinated and Recalcitrant Compounds
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Design Rationale: Reagent Mixing

20 T~ 0.50, + Na,Ss + 2H* > 2Na* + H,0 + 55,
15 HSQ,
10 - * 2,400 gallons of 2% by wt as sulfide per
point results in ~1 kg S g, lost/generated
3 per point with batch/in-line mixing.
20
o
5 - Batch mixing and in-line dilution will result

in formation of elemental sulfur (S )

-10 precipitate

-15 I I [ I I I

Eleventh International Conference on
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Design Rationale: Reagent Mixing (cont.)

RN
o
|

-10

-15 | | | | | . Full-strength pulsed dosing of
0 2 4 6 8 10 12 14 polysulfide and alkaline water optimizes
pH sulfide distribution and conveyance.
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Design Rationale: Temporary DPT Points

Benefits and Weakness of Automated System
with permanent injections wells (IWs)

Abandonment
Improved data '
Dis '
S
C_ontinuous .
Injection m
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Design Rationale: 10 ft ROl versus 20 ft ROI

Low injection flow rates Efficacy of reagent distribution
support greater injection point influences ROI selection

density (cost and distribution). . |njection hydraulics AND
* Reagent reactivity

Site Area = 43,560 ft2

Difference in
Completion Time (d)
N S N W
o o o o o

Eleventh International Conferenceon _ - Average Per POint InjeCtion FlOW Rate (gpm)
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Design Rationale: 10 ft ROI versus 20 ft ROI

Low injection flow rates Efficacy of reagent distribution
support greater injection point influences ROl selection
density (cost and distribution). » Injection hydraulics AND

Site Area = 218,000 ft2 + Reagent reactivity

1111

Eleventh International Conferenceon _ - Average Per POInt InJeCt|On FIOW Rate (gpm)
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Performance: Reagent Distribution AARCADISIE
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B Ful Targeted Volume

Anticipated undulating

Target volume: Hawthorne surface
~470 gal/ 2 ft interval
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Performance: Reagent Distribut
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Performance: Analytical Data (MW-A) SARCADISE

TranSItlon Zone = Turbidity and ORP pH and Specific Conductivity
(] | |
@ 40.0 . n Engineered
2300 © 4.0 : ! response
e c ' ' dampens with
L 200 % ' : time
S 10.0 £ 30 |
5 00 r-- . -9
& | e
2 .10.0 : 5 2.0
@) o
7+ A 2200 TEndof 1 1 gy S
N | | (q]
—- Turbidity -(_é-30.0 Phase | : : Phase Il E 10 F-- :
0 £ 400 \ / S !
|
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Eleventh International Conference on -
Remediation of Chlorinated and Recalcitrant Compounds

oy



n & Consulta

Performance: Analytical Data (MW-A) A ARCADIS |z

Transmon Zone Sustained decreases in total and
, = dissolved zinc and nickel

- = = Nickel PS
— — - Zinc PS - 350

[
- 1/

T d

—&— Total Zn

— O - Dissolved Zn 50
—jll— Total Nickel 0 S
—[1 - Dissolved Nickel 1/31/16 8/18/16 3/6/17 9/22/17
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Performance: Analytical Data (MW-B) AARCADISEE

TranSItlon Zohe S Turbidity and ORP pH and Specific Conductivity
W8, 2 o 50.0 I ! 5.0 |
= e e S I l ncrease in
_;.._!1’ E 5 Q ' l
s34 & - I : | I turbidity, pH,
A ot 30.0 | o 4.0 ! ! and SC and
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S 10.0 I [ L 30 ! I strong dose
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Influence at MW-B

“Rotten egg odor,” black Fluidized; poor recovery;
streaking, strong field field parameters =

parameter response solution field parameters

Eleventh International Conference on
Remediation of Chlorinated and Recalcitrant Compounds
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Performance: Analytical Data (MW-B) AARADIS
Elevated total dissolved solids requires

T — filtration to understand dissolved metals
= 11 Sk 10,000 |- - - Nickel PS, . - 10,000
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Eleventh International Conference on , -~
Remediation of Chlorinated and Recalcitrant Compounds

e el L ;
© Arcadis 2018



lu nalurala d
built assets

Performance: Analytical Data (MW-C) SARGADISE

Trans|t|on Zone . Turbidity and ORP pH and Specific Conductivity
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Performance Analytical Data (MW-C) AARADIS &

Poor dose response results in lack of
e o treatment (potential displacement)
= ;/’ 2 Sl 3 . I I - 450
—— S g - = = Nickel PS , :
A ‘ — — - ZincPS | ! - 400
: : - 350
- 300 é;
S NE = ! ' - 250 =
et | - End of | ! End of - 200 %
i ') Phase | \: L/ Phase Il - 150 =
—e~ Total Zn A e - 100
— O - Dissolved Zn 50 ! ! - 50
—ill— Total Nickel 0O —/——mm— R - 0
— [ - Dissolved Nickel Jan-16 Aug-16 Mar-17 Sep-17
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Summary

« Approximately 1.7 million gallons of a ~2% by weight Na,S, and 0.25% by
weight NaOH solution was injected to address acidic groundwater with heavy
metal impacts.

- Polysulfide can be used as a form of reactive sulfide and can be engineered
to improve both in situ distribution and ex situ conveyance.

« Temporary injection points can provide an increased certainty of distribution
and implementation flexibility to adapt to changing injection hydraulics.

 In situ chemically induced sulfide precipitation is an effective strategy for
immobilizing heavy metals and its effectiveness is based on achieving
sufficient distribution of a highly reactive reagent.
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Download your free copy of our new
Advances in Remediation e-book! SARCADIS s

Revised, refreshed and full of cutting-edge
technologies — our newest Advances in
Remediation e-book features eight articles
highlighting new insights from our scientists and
engineers who are rethinking the future of site
evaluation and remediation. Discover the latest
innovations and advancements that could reshape
how you approach your remediation projects.

advanceg in remediation

Stop by booth #610 for your complimentary copy,
or visit www.arcadis.com/Remediation2018!
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