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1. Why remove selenium?
1. How to remove selenium?
1. Introducing Tracer™ Se

1. Performance
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Why Remove
Selenium?




Why Remove Selenium?

Selenium persists in the environment
e Selenium evolves in the environment

t
o " N ‘l‘\. b/
o Impacts com pI ex to evaluate NanJharalaMZ_g'T 5). \Ecolqgif arr'd"Blo‘techn‘;ol_ogy of
Seleniums Respiring-Bacteria”, Microbiology-and

molecular-biology reviews. Vol. 79, No. 1, pp.|61-79.
v

Selenium is absorbed by plants / animals o B
e Selenium bioaccumulates
e Selenium biomagnifies

T F predalor

ﬂ F orey
Invertebrate

Algae

>10? fold increase in
concentration
between aqueous

phase and algae

Egvironment'and Climate Change Canada. “Selenium
A'_?uatic Envirgnment”, presented during public hearin
of a panel review on Water Topic

um Concentration s>
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Why Remove Selenium?

Selenium speciation impacts on its absorption

B Selenomethionine Selenite MW Selenate

L. macrochirus
(fish)

D. magna
(crustacean)

C. reinhardtii
(algae)

=

10 100 1000 10000 100000
Bioconcentration Factor (BPC) - exposition of 10 ug/L Se

Timothy J. Canfield and Thomas W. La Point. 1993. “Bioaccumulation of organic and inorganic selenium
d chain”. Environmental Toxicology and Chemistry: An International Journal, 12, no 1, 57-72.

WVTF IM @veoua s



Why Remove Selenium?

High selenium concentration results in:
e Reproductive defects

e Growth deformities
e Mortality

JOSEPH SKORUPA/US. FISH AND WILDLIFE SERVICE

Luoma, S.N. (2009), “Emerging Opportunities in
Management of Selenium Contamination®, Environmental
Science & Technology, Vol. 43, No. 22, pp. 8483-8487.

WVTF IMWA 2024 Conference- April 2024

Davis, E.A. (1988), “The biological consequences of selenium in aquatic
ecosystems”, California Agriculture, January-February (pp. 18-29)
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How to Remo
Selenium?




Removal at the sourc

Diversion of the water

Containment of Se containing rocks
e Prevent oxidation
e Prevent solubilization

When none of these strategies work or it is too late:

e Need to remove selenium from the water

WVTF IMWA 2024 Conference- April 2024

itigation

"A

Waste rock

Stream

British Columbia Water Quality Hub, “Water treatment
strategies”, https.//elkvalleywaterquality-

bcgov03.hub.arcgis.com/pages/water-treatment,
__consulted on October 6, 2023

(‘fvﬂl“(“!""ﬂ
A T PUE 0w BTN

l\W-lE ML %, ¢
END ¥ !‘P

North Coal - Michel Coal Project, “Water protection”,
https://northcoal.ca/michel-coal-project,consulted on
October 10, 2023




How to Remove Selen

Different ways, different challenges

® Se(IV)
& Se(VI)
@® Se?

@ Se°

: ® H,0

-

@ Coagulant
/Reducing agent

FROM: Li, T. (2022), “Treatment technologies for selenium contaminated
water: A critical review”, Environmental Pollution, Vol. 299, No. 15.
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Comparison of Technologies

Biological treatment is in commercial use
e Kinetics are slow, so systems are expensive
e Toxicity is a concern
e Sludge management (Se°)
e Post-treatment (advanced oxidation) is possible, but...

Physico-chemical treatment has not found wide acceptance
e No organo-selenium production
e Membranes and IX work well, but it just moves the selenium; concentrate / brine management
e Harder to apply in large scale applications

WVTF IMWA 2024 Conference- April 2024 O VEOLIA 10



Comparison of Technc

Pre/ Post treatment
requirement

Inhibitors

Reject

Good for...

Limitations

CAPEX OoM (USD)
(DB: 6,000 m®/d, no pretreatment,
with sludge management)

Wetlands

None; however does require
periodic maintenance

Saturated Rock Fill (SRF)

TSS removal

None

es- Biological

Excess biomass to be
removed

MBBR ABMet (biofilter)
NO; removal TSS removal
TSS removal

NO;", metals high NO5-, metals

None during operation

Site remediation
No chemical use

Biological sludge (Se%)

Biological sludge (Se?%)

Lo

Low flows applications (high
footprint)
Need site protection

Proven techno

Proven techno, low
Se (with UF) <2 ppb

Se management once SRF
is filled and biomass dies?

Higher Se;, (10 ppb)
Se

org

Sensitive to flow
variation

No information
Passive treatment

$22 M

$36 M

$24 M

WVTF IMWA 2024 Conference- April 2024
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Comparison of Technc

Pre/ Post treatment
requirement

Ferric precipitation

Se transformation to
Se*4

Membrane

Hardness, metal,

TSS removal

Inhibitors

None

Reject

Ferric sludge

Concentrate (++)

Good for...

Se*4 containing waters

Ultra clean
effluent, lo

Limitations

Selenite containing
waters

Scaling potential

lon exchange

Competing ions, TSS

removal

es- Physico Chemical

Zero Valent Iron (ZVI)

Competing ions, TSS removal
Post treatment for Fe and NO, removal

Similar ions (SO,2, NOy)

Nitrates, other oxidizers, passivation

Brine (+)

BW water / ferric sludge (column vs
mixed tank)

ishing when no SO,2

Low NOj; concentrations

variation

Competing ions, flow

Competing ions, passivation of
media, plugging of column

CAPEX OoM (USD)

(DB: 6,000 m%/d, no pretreatment,
with sludge management)

$5M

$82 M

$45 M

$30 M

WVTF IMWA 2024 Conference- April 2024
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Comparison of Technc

ABMet (biofilter)

Pre/ Post treatment TSS removal
requirement

Inhibitors high NO3-, metals

Reject Biological sludge (Se?)

Good for... Proven techno, low Se (with UF) < 2

Limitations Sensitive to flow variation

Membrane

Hardness, metal, TSS removal

es- Most Versatiles

Tracer™ Se (HYBRID)

None

metals

Concentrate (++)

Metallic Biological sludge

a clean effluent, low Se

Flow variation, NO; + metals

Scaling potential

Technology Readiness

CAPEX OoM
(DB: 6,000 m3/d, no pretreatment, $24 M
with sludge management)

$82 M

$8 M

WVTF IMWA 2024 Conference- April 2024
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Selenium Removal: What’s Best

Many options are available, the selection must consider:
e Flow

Se speciation

Water composition (inhibitors)

Sensitivity of receiving body (organo-selenium)

Rejects management possibilities

Footprint

Regulators

There is not one perfect option, and the best option will vary according to each site.

WVTF IMWA 2024 Conference- April 2024 O VEOLIA 14



Introduction
Tracer™ Se




Introduction to Tracer™ Se

All-in-one process:
e Nitrate removal
e Metals and oxyanions removal (Se*4)
e TSS removal (Se,, + Se°)
e Reox (detox + Se

Concept based
e Fixed film
e Ballasted

ust technologies
R)
tiflo)

WVTF IMWA 2024

=
\

AnoxKaldnes™ MBBR

Actiflo

©veoua
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Biological reduction of Se*® to Se*4 precipitation using Biological oxidation of
Se*4 + Se adsorption on biom: surface complexation residual Se to Se*®

Biodegradable material
(Carbon source)

Anionic Polymer adjustment

Phosphorus source

Y

Precipitation
reactor using
Fe / Al salt

Biological Reox | '° difPharge

Sludge recirculation
(Surface complexation)

Sludge disposal

Sludge extraction

©veoua
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Performance
Tracer™ Se




Performance

Please refer to technical paper for the
complete discussion on performances

Total Selenium Concentration Repartition

80 B Unknown Species
SeMet

e W SeCN

60 B MeSe(lV)

s P

o B DMSeO

§ B SeSO3

£ 4 m Se(lV)

g Se(VI)

:;3 B Not speciated dissolved Se

= 20 B Se particulate

S

’_

Influent water MBBR reduction Clanfied water Final effluent

Phase 1- Se,, = 60 ppb

WVTF IMWA 2024 Conference- April 2024

March 20, 2023 B Unknown Species
400 SeMet
I SeCN
B MeSe(lV)
ié_‘ 300 B DMSeO
= B SesO3
2
® 200 M Se(lV)
‘§ Se(VI)
5 M Not speciated dissolved Se
o
5 .
3 100 B Se particulate
S
L=
0 I
Influent water MBBR reduction Clarified water Final effluent

Phase 2- Se,, = 350-400 ppb

©veoua

19



Please refer to technical paper for the
complete discussion on performances

Performance

Se removal mechanisms- biological reduction effluent quality

Phase 1- After denitrification Phase 2- After denitrification
selenium -2 selenium +4
selenium 0
selenium +4
selenium +6
selenium particulate
selenium particulate
Phase 1- Se,, = 60 ppb Phase 2- Se,. = 350-400 ppb

WVTF IMWA 2024 Conference- April 2024 O VEOLIA
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Performance

Please refer to technical paper for the
complete discussion on performances

Speciation of selenium at final effluent

SeCN
3.2%
DMSeO
0.9%

Se(IV)
41 6%

Se(VI)

3.6%

Phase 1- Se;, = 60 ppb

WVTF IMWA 2024 Conference- April 2024

Se particulate
30,0%

Not speciated. ..

19,2%

Final Effluent
Unknown Species Se(VI)
1,0% 3,9%
Se(lV)
94 2%
=400 ppb
©veoua
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Tracer™ Se Performance Discussion

Good performance with Low final organic
Se;, < 400 ppb concentrations
Total Se dissolved < 5 ppb Total Se Organic < 0.25 ppb

WVTF IMWA 2024 Conference- April 2024 A
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Take Away

e Importance of Se removal

e Many options are available, but
none are universal

e Tracer™ Se: Combination of proven
biological and physico-chemical
treatments allowing Se,.. < 5 ppb

(WATER TECHNOLOG!ES)
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