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Introduction / Background

- Groundwater/leachate collected via two (2) recovery systems

Recovery systems consist of ten (10) recovery wells per system

Recovered water impacted with organics and mercury (Hg)

Treated through air stripper to remove organics, not effective for Hg removal
leading to potential discharge issues

Initiated studies to determine an Hg removal approach that:
= Efficient Hg removal as pre-treatment step
= Cost effective
= Low operations and maintenance

New Hg treatment amendment (MercLok™) was identified for as potential
candidate over the use of activated carbon
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MercLok™ - Hg Remediation Technology

- Hg remediation amendment, commercialize in early 2023

- Significant testing was completed prior to commercialization

- Designed for:
» Rapid stabilization of multiple forms of Hg
= Effective on soils, groundwater, sediments and industrial wastes

= High efficacy and low loading requirements

- Compelling and unique solution
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MercLok™ Technology Overview L
z B
55 4K
52 3
MercLok™ particles chemically react with and bind B2 ok
dissolved Hg under a range of atmospheric and geologic g K .
conditions including acidic and alkaline environments, 0 —
. . . . Untreated 10wt% powder-activated carbon 1wi% MercLok
resulting in the Hg becoming non-leachable and preventing
the Hg from volatilizing NTCLP spLp
Figure 1: TCLP and SPLP results of mercury contaminated scil taken from a field site
Natural Water Soil B Merclok B PowderActivated Carbon
Organic Matter Saturation Types
§ 6K 56 56 S
A 0 Unsaturated Fresh Clay loam g_ﬂ 49 5.1 5.1 .
wa  HK 46 4.6
EE
o=
B Lov Saturated Fresh Clay loam E% 4K
g 2
High Saturated Brackish Sandy loam %% 2K
£ K
D High Saturated Fresh Sandy loam B 0
A B C D E
E Lov Saturated Fresh Sandy Five Soil Types Contaminated with Marcury
Table 1: Reference guide of soil characteristics for Figure 2. Figure 2: A comparison of SPLP results in a wide range of soils treated with powder activated carbon

and Merclok using the untreated soil as the control.
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MercLok™ Technology Overview

Material Phase Solid

Color & Size Classification Black Powder

Relative Density (soil) 0.5

Particle Strength High hardness and high abrasion resistance
Particle Solubility Non-soluble in water

Function Statement Stabilization of mercury species onto solid substrate
Reactivity with Mercury Chemical reaction followed by adsorption of reactant
Toxicity Classification Mixture is classified as nonhazardous
Personal Protections (PPE) US SDS Complete, Standard PPE for Powders
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Project Summary

- Because MercLok™ was relatively new, a testing program was initiated to gather
data to evaluate the efficacy and freatment system design

- Testing phases:

Initial Proof-of-Concept Bench Study
Large Diameter Column Study
Single Drum Study

Loading/Dosing Study

Modified Bag Filter Study

- Each of the studies focused on evaluating:
» Specific design considerations
= Collect data to demonstrate efficacy to regulators
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Initial Proof-of Concept Bench Study Schematic

Beaker

Various Loading of MercLok™
Amendment
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Initial Pilot Study Schematic —

¥%-in Effluent

6-in Sand/Fine gravel layer
To Treatment Tower

Effluent
Tank

MercLok™
Column #3

4-in Reactor Column

12-in Sand/Amendment layer

B-in Sand/Fine gravel layer
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Single Drum Study Schematic

Pressure Gage

Water Distribution

Geotextile
—_——

Distribution zone .I

=
Treatment zone . [e]
=
[1je]
T
o
o
T
r
e
Discharge zone U ] Perforated steel plate

Not to scale
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Modified Bag Filter Study Schematic

Well DGC-9 flow >

Sample 4

5-micron prefilter 55-gallon drum with 5-micron main filter
removes ~35% submersible pump and
globe valve
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Initial Bench-scale Study - Results

Dosage Response Study — <0.05 ug/l Target

Hg concentration
Dosage Response
DﬂSage (th/) * (Ug”-) 0.40 0.37 ¢ ’
after treatment ** 0.35

| Control | 0.371

0. 02 0.0215 -
MercLok™ 0.10 0.0635 S 025
ALB 1 0.20 0.0545 & 020
0.40 0.0235 Z 015
0.02 0.026 ¥ 510
i 0.064 4055
ME;EIEO; g;g gggg 0.05 == 0.022 0024 0026 > 0029 0028 =
0.40 0.028 0.00 — I - I N
* Batch reactor test, agitated for 24 hours ::;tzru.um :it: Z'-:::ﬁ .it:; Z; ) itZ: Ez: WALB10.4%

** Average of two runs

Reference: Data provided by Albemarle R&D Testing Lab
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Results

lameter Column Study

Large D

Cumulative Column Flow Volume [gal]
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Large Diameter Column Study
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packed columns volume
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Large Diameter Column Study - Results

Large Diameter Column Study

= Pilot duration —~50 days

= Column flow rates maintained
from between 0.1 - 0.2 gpm

= Hg removal improved from
Col#1 through Col#3

= Hg influent concentration
changed dramatically to >500
ng/L 3-4 weeks into study

= 9% Removal
= Control - ~“55%
= 1% ML-90%
= 3% ML-92%
= 5% ML-94%
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Large Diameter Column Study - Results

Large Diameter Column Study

Average Results of TCLP at pH 2.88 N
= Columns from study sacrificed for

TCLP testing
= TCLP tested @ 4.88 and 2.88 pH

| = Results similar
= Leachable Hg in MercLok™ was
' less than in Control
I — o
0.0 . &

N w =~ w1 o
o o o o o

Hg in Leachate, ng/I

=
-]

5> 5 N - N . Vv . ™ \«;\, \’;L \,'?:r g N \"L g »
cﬁé (.Péé G"{\é nii“‘@ f{i’\“@ @1"@ o?\‘;@ ﬂ?\ﬁ\ ,};\5@ cé’ﬁ *3’\‘;@ c:?‘“’@
EmControl-1 = N Control-2 = H Control-3 |

Bm1%ML-1 m H1%ML-2 = H1%ML-3 =

3%ML-1 W 3%ML-2 W 3%ML-3 H

Wm5%ML-1 | m5%ML-2 W m5%ML-3 B
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Single Drum Study - Results

= Single Drum Study

30,000 S .
= Several individual single drum test were

completed
25,000

" Flow rates varied from 0.5 up to 3 gpm

20,000 = Higher flow rates resulted in

= Higher pressures

5 0% =  Associated leaks
= MercLok™ fines carryover
10,000
® Final test utilized flow rates between 0.5
5,000 tolgpm

0
S N S N S N Y
PP PP PP P PPPDPDPDODPDLDDLDDD
’\\q’g o)\q’g '\,\q’g %\,19 %\"’Q '\\'LQ q\q'g x\q’g '\,\q’g v\@ b\'»Q cza\q'Q Q\%Q fw,\q’g u\q’g b\f& qa\q’g Q\q’g '»\%0 v\q’g b\’LQ
B G A S A S S QR S S N IS (P S S U U VA
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Single Drum Study - Results

10000 = Single Drum Study
8 = Single drum test utilized 3% wt.
O
MercLok™
1000 ] _
¥ | = Influent concentrations were relatively
v v .
= 4 M A = G stable except several notable excursions
E. N b G
= 100 i = Variable flow rates results in variable
S W Hg Influent ng/L contact times within the drum
Lo
I o » . .
WhgEffluentng/L  m Ffficient removal of Hg despite influent
0 é concentrations and/or contact time
" % Removal
...... A MHAMA HH 4 ¥ = Ranged from 97 to >99%
L ¥ ‘B'R'E R § r = Even with variable influent Hg concentrations
(10] om o o m o m o™ m om o m m o o m o™ o o o m
o N (o] o™ (o} N (o] N o o o o (o] N ™~ (o] NN (o] N (o)) (o]
o O O O O O o O o OO O O O O O O 0o o O O o
o o™~ o~ o [l N o~ o~ (gl o o~ o ™~ o o ™~ o~ o o~ o~ o~
N &3 9 A AR 3 I T O F S I T T @S A T T
— — o oN o o~ o~ o S~ TS S — — — — — o o o~ o~
P a s e a5 °°?°YET T T 00000
Date 5/18/2023|5/19/2023|5/20/2023|5/21/2023|5/22/2023|5/24/2023 | 5/25/2023|5/26/2023 | 5/30/2023 | 5/31/2023 | 6/2/2023 | 6/5/2023| 6/7/2023| 6/9/2023 | 6/12/2023 | 6/ 14/ 2023 | 6/16/2023 | 6/19/2023| 6/26/2023

% Reduction

Effl - 99.5% 99.6% 99.4% 99.5% 99.4% 99.7% 99.4% 99.5% 99.7% 99.7% 99.5% | 99.4% | 99.3% | 99.5% 99.4% 99.3% 99.6% 99.7% 99.6%
uen
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MercLok™ Loading/Dosing Study - Results

1000

(3]
®..... "V Wey

LI ™ n
*--.._.f’:eﬂfed)

MercLok™ Loading Study (0.45 u filter)

**4@cesssessnserssaseseretset = To minimize the carryover of fines a
Legend series of test were completed to
@ DGC-9 s Nerclok @ 0.5 gfL . .
e S ok @005 5, —— vk & 1o evaluate Hg concentration reduction
= MercLok @ 0.1 g/L MercLok @ 5.0 g/L : . . ™
E e ¢ with varying dosing rates of MercLok
S = Six MercLok™ ratios evaluated
(18]
5 Meretoy = All MercLok™ attained Hg
o 0 . .
5 €005, concentration reduction below target
U .
210 50 ng/L concentration
= Rapid reaction times (i.e., < 2 min.)
MercLok @ 0.5, 1.0, and 5.0 g/L = MercLok™ concentrations >0.25 g/L
yielded similar results
1
0 0.5 1 1.5 2

Time [min.]
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MercLok™ Loading/Dosing Study - Results

1000

DGC-9 (Influent) MercLok™ Loading Study (5 u filter)

............................................ ...........l........I'...l....l....l........ll.(.

Sk filter (No Merctok) " Filter mesh increased to 5u

Legend

®+® 0GCo MercLok @ 0.1 g/L = Sample also evaluated with filtering

Su Filter Onl mmmes Merclok @ 0.5 g/L .
— MuercLok@;,DS gfL MercLok@l,D:fL Onlyl no MerCLOkTM added
= Average ~35% decreases in Hg

100

= Four MercLok™ ratios evaluated

= All MercLok™ attained Hg
concentration reduction below target
50 ng/L concentration

Hg Concentration [ng/L]

10

= Rapid reaction times (i.e., < 2 min.)

MercLok @ 0.5 and 1.0 g/L = MercLok™ concentrations >0.1 g/L
yielded similar results

1

0 0.5 1 15 2
Time [min.]
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MercLok™ Bag Filter Study — Preliminary Results

rre T 10000

Sample ID Date Time ng/l Sample ID Date Time Eiltered ue/l

1DGC-9 5/15/2024 15:15 936 1DGC-9_f 5/15/2024 15:15 0.45u 775 L_Egm

2ML0.05_pre 5/15/2024 15:20 868 2ML0.05_pre_f 5/15/2024 15:20 0.45u 780 + Hg (@0.05g/L) - Unfiltered
3ML0.05_mix 5/15/2024  16:05 33 3ML0.05_mix_f 5/15/2024  16:05 0.451 171 e Hg (@0.1g/L) - Unfiltered
4MLO.05_mainF 5/15/2024 16:10 39.8 AMLO05 mainf_f  5/15/2024 1610 0.45 10 ssogligss  Hg (@0.05g/L) - Filtered
1DGC-9 5/16/2024 14:35 856 1DGC-9_f 5/16/2024 14:35 0.45p 538 “,ﬁ,, Hg (@Uig;’ru _ Fi'TEFEd
2MLO.1_pre 5/16/2024 14:40 859 2ML0.1_pre_f 5/16/2024 14:40 0.45u 245 lDDD

3MLO.1_mix 5/16/2024 15:00 ND (<5) 3MLO.1_mix_f 5/16/2024 15:00 0.45u ND (<5)

4MLO.1_mainF 5/16/2024 15:05 5.8 4ML0.1_mainF_f 5/16/2024 15:05 0.45u 5.9

Analyzed by LL Hg Method Analyzed by LL Hg Method

R\ S

3\ I\. '

100

Hg Concentration [ng/L]

10

System operated at 8 gpm

Sample Pt1 (Inlet) Sample Pt2 Sample Pt3 Sample Pt4
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Conceptual Full-scale System

MercLok
Hopper

—

-micron prefilter
removes ~35% of
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Air Stripping Tower 1

To Stream
Discharge

Mixing Tank

MercLok feed rate based on chemistry and flow

Flow >  Mixer o_Auger
Inground Pump Tank Direction
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Conclusions / Lessons Learned

- MercLok™ amendment found to be very effective at Hg removal from recovered
water

- Effectiveness demonstrated at relatively low amendment loading rates and fast
reaction times

- Mixing MercLok™ with sand was effective but limited flow rates

- TCLP results indicate that Hg is effectively bound to MercLok™ and could be
disposed of as non-hazardous
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Conclusions / Lessons Learned
- Dosing study results indicated

* MercLok™ effectiveness at low loading rates
» Reaction time for Hg removal was very short (i.e., 2 min. or less)

- Initial results from the bag filter testing program are positive and further testing is
ongoing
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