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EBR — ORP Fundamental Concepts

(Electron Availability)

Wastewater
+

Substrate
+800

0, > H,0 - Aerobic Respiration

~ Denitrification

1 Selenium Reduction
[ Se0,2 + 3H* + 2e” <->HSeO, + H,0
Z HSeO; +5H" +4e” <->Se, + 3H,0

~ Sulfate Reduction

_ Reductive
Dechlorination

- Methanogenesis

-250



EBR Technology

 EBR technology utilizes nutrients to provide required
component for cell growth

 Low voltage (1-3 Volts potential) provides:

1. Electrons and electron acceptor
environments for controlled
contaminant removal environment

2. Compensation for inefficient and
fluctuating electron availability
through nutrient metabolism

1 mA provides ~6.24 x 10% electrons/second
. to the EBR system.

— Replaces excess nutrients

— Better contaminant removal

— Produces less TSS (bio-solids)
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Electro-Biochemical Reactor Technology

Providing electrons directly has numerous benefits including
better ORP control and stability.
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Landusky Conventional Biotreatment System
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Landusky EBR Pilot System




NO,-N + NO,-N [mg/L]

Nitrate/Nitrite - LBS
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NO;-N + NO,-N [mg/L]

Results: Nitrate/Nitrite - EBR

450

400 -
350 -
300 A
250 -
200
150
100
50

0

7/17

7/29 8/10 8/22 9/3 9/15
Date

——Influent —=—EBR1

—-—EBR2 ---Limit

Wi‘f‘to?"

9/27



Total Selenium [mg/L]

Selenium - LBS
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Total Selenium [mg/L]

Results: Selenium - EBR
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Results: Other Contaminants (Average)

Influent  eqent Effluent Limit
CN gy 0.012 0072  <0.005 NA

TSS[mglL] <18 NA <16 NA

1After EBR system aerobic step.
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EBR Water Sampling
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Refurbishment & Conversion of the
Landusky Biotreatment System to an EBR

EBR Pilot System




Combined EBR/In Situ Biotreatment

Groundwater

Irrigation Injection

.

SEMI PASSIVE TREATMENTS

_
i
SEMI PASSIVE TREATMENTS

3ITU APPLICATION

/ /EMED WATERS

DISCHARGE
* Recontigure water collection system tor (aaditional amenaments)

and partial redistribution from the EBR active treatment system to in
situ heap treatment

WATER
SYSTEM

ON

* Approaches have been proven in full-scale applications at several
US hard rock mines at elevations >3,200 meters



EBR — Yukon Mine

Selenium [mg/L]

4.00  Parameter Average Average %
350 - [mg/L] Influent Discharge Removal
Antimony 0.15 <0.001 >99.3%
200 Cadmium 0.014 <0.0002 >98.0%
250 - ‘ Copper 0.41 <0.005 >98.7%
Lead 0.30 0.0008 99.7%
0.02 e Molybdenum 0.10 <0.0005 >99.5%
Selenium 273 0.002 99.9%
Silver 0.041 <0.0001 >99.8%
002 Zinc 0.46 <0.03 >93.5%
Nitrate-N 33 <0.1 >97.1%
0.00 Nitrite-N 0.9 <0.02 >97.8%
6/15 6/23 71 I8 N7 725 &2 e 0.26 <0.005 ~08.1
Date Cyanide ..., 047 <0.005 >98.9
—&— |nfluent —O—EBR Effluent ----- Limit

The EBR system consistently removed selenium from an average of 2.73 mg/L to
an average of 0.002 mg/L - well below the discharge requirement of 0.020 mg/L.

An ~8 hour EBR HRT will be required to achieve the lowest levels of selenium
removal at full-scale with temperatures down to <5° C at this site.
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