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bl In Finland.... Before the year 2010

Nitrogen load from extraction
activities did not get nearly any
attention

University of Oulu



bl In Finland.... Before the year 2010

YMPARISTOLUPAPAATOS

Aluehallintovirasto

- | Nro 212/2015/1 About 5 years ago
Lansi- ja Sisa-Suomi Dnre s 95/04.08/2010

Annettu julkipanon jalkeen
9.12.2015

Ymparistonsuojelulain mukainen hakemus, joka koskee Dragon Mining Oy:n
Oriveden kaivoksen toimintaa, Orivesi
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bl In Finland.... Before the year 2010

: . YMPARISTOLUPAPAATOS
Aluehallintovirasto

Nro 212/2015/1

About 5 years ago

jen EQS-arvojen mahdollinen ylittyminen Ala-Jalkajarvessa. Kaivoksen ve-
sienkasittelya on tehostettava. Vesienkasittelymenetelman valintaa varten on

tehtava tarkempia selvityksia mm. , alumiini-, sulfaatti ja sinkkilahteista ja
naiden aineiden fysikaalis-kemiallisesta kayttaytymisesta vesiymparistossa.
Pirkanmaan ELY-keskus tulee edellyttamaan naita tarkempia tutkimuksia

myOs valvonta-asiana. Tarkempien selvitysten perusteella on myos selvitetta-

Jrivede KAIVOKSE 5} dad, UllvVe
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bl In Finland.... Before the year 2010

YMPARISTOLUPAPAATOS

Aluehallintovirasto

Nro 212/015/ N About 5 years ago

jen EQS-arvojen mahdollinen ylittyminen Ala-Jalkajarvessa. Kaivoksen ve-
sienkasittelya on tehostettava. Vesienkasittelymenetelman valintaa varten on
tehtava tarkempia selvityksia mm. m , alumiini-, sulfaatti ja sinkkilahteista ja

tustarkkailusuunnitelma. liman edella mainittuja selvityksia ei ELY-keskuksen
mukaan talla hetkella ole YSL:n 42 §:n mukaisia edellytyksia luvan myontami-
selle. Toiminnasta aiheutuu merkittavaa ympariston pilaantumista ja sen vaa-
raa.
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Nro 212/2015/1

About 5 years ago

jen EQS-arvojen mahdollin
sienkasittelya on tehostetta

tehtava tarkempia selvityksiy ... the activities cause pollution and it has

tustarkkailusuunnitelma. Ilmd ~ remarkable impacts on the environment...
mukaan talla hetkella ole YS
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raa.
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bl In Finland.... Before the year 2010

PAATOS

: : Nro 59/2018/1
J Aluehallintovirasto Dnro PSAVI1/82/04.08/2013
o e About S years ago

18.6.2018

Ymparistoluvat

ASIA Soklin kaivoksen ymparisto- ja vesitalouslupa, Savukoski

LUVAN HAKIJA Yara Suomi Oy
Bertel Jungin aukio 9
02600 Espoo

Nowadays

Finland is one of the
leader in number of
extraction sites in EU
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In Finland.... Before the year 2010

) PAATOS
, : Nro 59/2018/1
) Aluehallintovirasto Dnro PSAVI/82/04.08/2013

anon creoml About 5 years ago

Ymparistoluvat

... N has been mentioned in the list of key elements to be
removed

.... No any limit values have been set... OR value is high (50
mg/l in Hannukainen case)

Nowadays

.... No any specific removal unit have been required Finland is one of the

.... N load is required to monitor... leader in number of
extraction sites in EU




bl In Finland.... Before the year 2010

PAATOS

) W o Nro 59/2018/1
J ériquiz]siljmfv'raﬁo Dnro PSAV1/82/04.08/2013
p e About S years ago

SOLUTIONS used

1 Explosive selection: emulsion based

Optimization of explosive usage: only used when needed

Nowadays

. . o _ _ g Finland is one of the
Selection of effluent point in recipient water bodies: to use river where N iS [P IS a T ReIt e o de)

not limiting nutrient extraction sites in EU

Recycling of waters (especially process waters) in tailing ponds

)
)
)  Dilution of process waters
)
)

6) Passive treatment methods: Constructed wetlands or treatment peatlands



[ICF N Itroge_n Of Low?r_N concentration than in treated
GXtraC'uve municipal wastewaters

- Varies typically from 3 to 33 mg I'" in mine waters in

industry

- Due to high water amount, N load similar or even higher
than N load from municipal WW TPs

-  No seasonal variation in the load

B Mine waters
A Municipal WwW
Line 1:1

N is mainly as NO,/NO,” form in mine
influenced waters

- Typically more than 70% of N, ,
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- Mainly explosive originating but also chemicals used in
beneficiation processes

- NO, does not adsorb to the soil particles but is
Effluent N, (ug I') transported with water

Figure: Data from 6 mines and 3 municipal wastewater treatment plants. All
waters have been treated and represent effluent to the recipient water bodies Univereity of Oul
before constructed wetlands applied. niversity of Oulu



Kujala K., Karlsson T., Nieminen S., Ronkanen A-K. 2019. Design parameters for nitrogen removal by constructed wetlands

treating mine waters and municipal wastewater under Nordic conditions. Science of the Total Environment,

https://doi.org/10.1016/j.scitotenv.2019.01.124

1 Nitrogen of extractive
Ind UStry High N load from mine can be seen in

—o- River Kemijoki MINE reCipient Water bOdy

—=— River Kessjoki WWTP /

’V — s - 2to 4 times higher N_ in the river after mine
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- NO,/NO,” dominating fractions and cause high
impact

(=]

- In municipal WW TP, the impact varies depending
on treatment processes in the plant

s § , - In national level, contribution of mines is not
e e, [ T g ; e remarkable but locally mine activity can be
T important N source to the surface waters
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0 Too little attention have been paid to N load from mines

0 There are very few N removal options because
1) Water amount is huge
2) Year-round purification efficiency is heeded
3) Winter condition cause limitations



1 N can be removed by

1. BIOLOGICAL/MICROBIOLOGICAL PROCESSES

- The most often used
- Difficult to control

[Contaminant]

Inflow
('dirty”)

2. PHYSICAL FILTRATION AND SEDIMENTATION oess >

TOGETHER WITH SUSPENDED SOLIDS

- Typically side processes

3. CHEMICAL ADSORPTION or ION EXHANGE

- High maintenance cost
- Short life-time
- Not to all N compounds

4. PLANT UP-TAKE

- Harvesting is needed
- Low purification effect during winter

Outflow
("clean”)

 —



m Oxidation

B Neutralisation/Precipitation
n 1 Coagulation/Flocculation
H ENE B Sedimentation in ponds
m Clarfication

M Filtration
® Nano/Ultra filtration
HRev. Osmosis/lon exch.
1 Active biological
M pH adjustement
M (An)Aerobic wetlands

prior to
discharge
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Applied methods

- Passive treatment in ponds or
wetlands

- Biological active treatment

- lon exchange technologies

- Bioreactors

- Membrane technologies: ultrafiltration

Extracted

resources
Base metals | @
Base metals
Base metals
Base metals
Base metals
Base metals
Base metals
Base metals
Base metals

48d
21b
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48c
48b
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NO," levels achieved by biological treatment

- 2-9mg/l (0.2-6 mg/l for NH4+)

- 90% removal efficiency using wetland

- 95% removal efficiency using Moving Bed Biological Reactor (MBBR)
- Typical range is 60-90% removal (70-90% for NH4+)

University of Oulu
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i \\ N CHALLENGES TO APPLY
' NATURAL N PROCESSES

FIXATION
: ;NH g —
-  Temperature limitation

- pH requirement
- Redox sensitivity
- Residence time of water long enough

- Snow and ice lower temperature but also
influence on water flow paths and oxic

\ w condition
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1 What could be
pOSSIbIlItIeS to

improve N removal’?

Free water surface (FWS)
wetland
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Inlet

Low Permeability Soil >

Horizontal flow (HF)
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CONSTRUCTED WETLANDS

— Good removal capacity

Peatlands are not BAT for mine
waters

Lower efficiency during winter

— Arearequirementis high

— Removal rate generally 0.003 -1.02 g

Nm2d’

—— 5187 exp(-0.12 x)
R?=0.99 (ponds)
--- no fit possible
(peatlands)
—-— 1247 exp(-0.04 x)
R =0.53 (all)

B pond-type
O peatland-type

-
o
o
o

—— 2.5 exp(0.05 x)
R*=0.96

B pond-type
O peatland-type

N, , load (g m?a™)

20 40 60 80

NH,"-Removal (%) N, . removal (%)

tot



i? What could be =

ng mgugm = Denitrification walls
POSSlblIltleS tO = Denitrifying beds
Improve N = Denitrifying layers

re m ov a I ? For more information: e.g. Schipper, L.A., Robertson, W.D., Gold, A.J., Jaynes, D.B. and
u Cameron, S.C., 2010. Denitrifying bioreactors—an approach for reducing nitrate loads

to receiving waters. Ecological engineering, 36(11), pp.1532-1543.

Hungry Bacteria Magically Remove Nitrates

Organic
nitrogen
Nitrate
JF% VioodiChips v, A A7 N'oaon
i P
) n - h ' 5= > o4
Nitrate in Tile Drainage >>> - (e %?‘T% a  d I B

-

Denitrification
wall

Water with dissolved nitrates flows into a wood chip pit. The wood chips serve as a home and food for bacteria in the
low-oxygen environment. Bacteria convert nitrates into dinitrogen gas, and water flows from the output minus nitrates. University of Oulu



i1 Denitrifying - Microbiological process

— Good removal efficiency

b i O rea Cto r - 70-90% removal efficiency

- Carbon type and availability
- Nutrient

pertrad Y g — Even more than 15 years life-time for
woodchip bioreactors
— Commonly used for agricultural runoff

— Good for water with high N
concentration

— More pilot scale studies are needed in
cold climatic region

(3-5 mm)

University of Oulu



1 Denitrifying
bioreactor

woodchips (BR3)
linear regression (R2 = 0.88, p-value = 1.5 x 10'”)
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influent nitrate (mg N03-N L'l)

nitrate removal rate (g NO3-N m> d'l)
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woodchips & Sphagnum sp. moss (BR2)
linear regression R?= 0.86, p-value = 1.06 x 10'10)

woodchips & potato (BR4)
linear regression (RZ =0.93, p-value =2.6 x 10'16)

10 20 30 40 50 60

influent nitrate (mg NO _-N LY

Microbiological process

Good removal efficiency

- 70-90% removal efficiency
- Carbon type and availability
- Nutrient

Even more than 15 years life-time for
woodchip bioreactors
Commonly used for agricultural runoff

Good for water with high N
concentration

More pilot scale studies are needed in
cold climatic region

University of Oulu



g Hyb Arkt Passive hybrid treatment solutions to

remove nitrogen and heavy metals from
different types of waters in arctic region

Aim to design, test and construct pilot scale passive
treatment solutions for N and metal removal in cold

CllmatIC regIOn ) Vipuvoimaa
EU [ta !uroopan umom
2014—-2020 Cxoopen sk
— 3 pilots using hybrid solution methods have been build in the "
years 2018-2019 (. e
— 2 of those includes also woodchip bioreactors @MUSHR!;; reRbates Croun

— Also aqua moss units and mushroom compost filter has been \0 outokumpu {3

applied

a,p Kittil e

Kallon vesi- ja viemariosuuskunta L ALLID
Tunturi-Lapin Vesi Oy 0 Levnﬁn
Pohjois-Suomen Suunnittelupalvelu Oy Vesihuolto Oy

Boliden Kevitsa Mining Oy
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[LI\:’.I] After first winter (n is now)
Purification efficiency 56% 95% 95% 95% 95%
Q=0.07 /s Concentration after 0.7 mg/l 15 ugl/l 0.34 ug/l. 10 pg/l  0.028 pg/l
- 6 m3/d bioreactors
“““““ BIOREACTOR
DITCH FILLED WITH T
CONCRETE PIECES |
| Bt AR | VFew s
| |
i: —(O— u : | MUSHROOM._ [ Common reed | >
—( )~ L2 + biochar
DITCH FILLED t=2d
WITH CALSITE SEDIMENTATION Area=12 m
o BASISNS
BIOREACTOR
Length=10m
p H a dj u stm e nt Woodchip + biochar
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1 To be taken to home...

1. N load from mines can be high

2. We could do more to decrease N load from extraction activities to
recipient water bodies in Finland

3. Treatment peatlands remove N but due to other contaminant in treated
mine waters those are not BAT anymore

4. Denitrifying bioreactors combined with other passive methods (such
as constructed wetlands) have a high potential also for mine waters

5. We should accept some limitation in year-round purification levels due
to winter condition but not use this as excuse not to remove N at all.
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Any questions?
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