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Erfaring

Marinbiolog og leder av Miljgavdelingen i DNV

Konsulent i over 35 ar, hovedomrade: effekter pa det
marine miljget (fra oljeindustrien og gruvedrift)

Engasjert meg i sameksistens mellom samfunn og
industri, og veert med i flere ressursgrupper/
faggrupper hvor fokus har veert a dele erfaringer
mellom industri og brukerinteresser i fjorder
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- Tilleggsstudier for Nordic Mining

- - - Erfaringer fra andre fjorden med
operasjonelt depone

- Generelt og spesifikt om malbare
effekter

- Dynamisk overvaking —
miljgovervaking Fardefjorden i dag
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Tilleggsvurderinger — Reguleringsplan og
utslippstillatelse

DNV ble engasjert av Nordic Mining i 2013 i forbindelse med tilleggsundersgkelser som det var
gitt krav om.

5 omrader med tilleggsvurderinger

1. Stremningsmgnster i Fordefjorden, risiko for spredning av partikler (DNV + SINTEF)
Fiske, gyteomrader, truede og verdifulle arter i deponiomradet (DNV)

Plan for deponering av avgangsmasser (Nordic Mining)

Utgreiing av bore-sprenningsmanster, effekter for fisk, al (Nordic Mining, DNV)

Informasjon om tilfarsel av feskvann, vassdragsregulering, konsekvenser for naturmangfold
og vanntilstand (Nordic Mining)

o~ Wb

5 DNV © 17 SEPTEMBER 2023

DNV



Rapport om partikkelspredning ble presentert hgsten 2014

SINTEF: strammodellering (SINMOD) og simulering av partikkel-

spredning (DREAM)
DNV: Malinger og vurderinger av flokkulering

DNV-GL

Vedlegg 1-Strom og

hydrografimalinger Appendiks 4: Vurdering av

flokkuleringseffekten og

Stremforhold og
partikkelspredning i
Fardefjorden

dic Rutile AS
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« Over hele maleperioden var mesteparten av malingene under 5 cm/s for
stasjonene i deponiomradet.

* De hgyeste stremhastighetene er malt for Stasjon 6 (7-24 cm/s), plassert ved
Alasundet, indre terskel.

Strgm gst/vest(+/-), 284 m dyp

o - |
TR Y ) |
j iﬂlh‘“r‘l IJ ‘J"H\M% & H ﬂ , ‘l} 3 | h‘%‘ l’{ h ,
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SINMOD: 12 mnd data oppdatert hvert 20. min

Dataene presentert:

Tabell 2: Sesongvanasjon 1 manedliy middelsirom (em/s) over maleperioden, ulvalg av dybdelag 1
undersokelsesomradet, Tordefjorden, Maksimum- og minimumsverdiene er basert pd manedlige

Stl og 2 - - middelhastigheter. Stasjon 7 har bare malinger fra siste méleperiode. Flere detaljer, se Appendiks 1.
g Hastighetsfordeling (m/s) Hastighetsfordeling (m/s)
292%-_0.35% 0.30% __2.93% _0,03%
aeo0s 005 s st : s s : _ L o et =
e B Dyp (m) Min | Maks Maks Midele [180.0m]
®0.1<k<=015 m 0.1<x<=0.15 20 74 | 94 b AT
M 0.15<x<=0.2 W 0.15<x==0.2 a0 83 15,0 =
- x>0.2 0.2 40 11,1 21,0 [
50 40| a7 | 46| 65
"St3 00 4 T 60 46 | 83 39 | 45 | 43| 69
g Hastighetsfordeling (m/s) 4 31%gl_u7xq___Hasughmfordellng (m/s) 70 26 | 75 Py 78 37 | 48 | a2 | 56 i
1% 0% I _o0i% - - - - o
] &0 4,5 8,3 4,5 7,5 4,2 55 4,7 6,7
o x<=0,05 ® x<=0.05 an 46 | 10,8 | 45 8,0 =
W 0.05exe=0.1 m 0.05<x<=0.1 100 51 23 50 82
W 0.1<x<=0.15 W 0.1ex==0.15 130 45| 59 K
B 0.154n<=0.2 m0.15<x<=0.2 . - e
" x30.2 0.2 LD 43 57 b
150 28| 53 -
160 40 | 48 | 28| 50 i T TR o
St7 og 5 Hastighetsfordeling (m/s) Hastighetsfordeling (m/s) 170 36 | 54 38 | 44 | 27| 47
oa1%___ 004%  001% 182K 0,08% _0.01% 180 41 (132 | 3,5 52 38 | 43 26 | 48
150 4,7 | 12,8 | 3,7 51 3,7 4,2 2,6 4.6
B xe=0.05 W xe=0.05 200
W 0.05<xe=0.1 W 0.05xe=0.1
210
W D.1<x<=0.15 m 0.1<x<=0.15
01561202 015202 220
u 02 ms02 230 Bottom [205,0m]
Sprasd for bolla [ 395.0m)
240
250
e Hastighetsfordeling (m/s) 260
270
o x<=0.05 280
W 0.05<x<=0.1 250
® 0.1<x<=0.15 300
® D 15<x<=0.2 310
x:0.2 320
Stasjons-
dyp

Figur 4: Strommalinger stasjon 1-7, hastighetsfordeling, alle dvbdeintervall for nedre malere, periode
4(sc Appendiks 1). Ferdefjorden 2014.

“Gjennomsnittsdata” (m/s) “Minimum/maksimum” (cm/s)
o oW  17SEPTEMBER 2023 “Enkeltmalinger” (DNV 2014-1116)




Bruker maledata til a validere resultater fra

strammodellen til SINTEF (SINMOD

Observations, depth = 65 m
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Figur 31: Sammenligning for mars 2014 ved 65 m, stasjon 4. Fordelinger av stremfart (til venstre) og
retninger (til hoyre), sammenlignet mellom malinger (everst) og modell (nederst).

SINMOD: 12 mnd data oppdatert hvert 20. min

Noe data viste stort sa
hyppigst nar det var lav strgm)

Temp (C) August st. 6 Sal (ppt) August st. 6 Density (kg m") August st. 8
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Ex E 2 E 20
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8 g 5
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msvar — andre mindre samsvar
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SINTEF sin konklusjon mht validering av strammodell
(SINMOD)

Vi konkludere med at modellen gir en god beskrivelse av stram i
Fardefjorden.

Modellresultatene er konsistente med radende kunnskap om
fjordsirkulasjon, og med tidligere modellresultater og observasjoner i
fjorden.

Det er betydelig grad av sammenfall mellom modellerte og malte
resultater, og i de tilfellene der vi ser klare avvik handler dette om
Svakheter i a reprodusere dynamikken i punkter med utfordrende lokal
topografi, eller dynamikken i spesifikke tidsperioder.

DNV



| samme periode som Vi
gjorde tilleggsstudier |
Fardefjorden gjorde vi
studier | Fraenfjorden for et
annet gruveselskap, men
som var operativt... og vi
kunne teste ut bruk av
modeller | en “real case”
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0 Samler inn data om partikkelspredning med malinger (tid — sted)

Gjennomsnitt pd T (FTU) av Ar "Deponigrensa” :
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6 Utnytte modeller for a gi en prognose for hva som vil skje (simulere spredning) — eller for a kunne
: fylle hull i malte data

February 2014
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Spredning av partikler

Partikkelfordeling i avgangen

Particulate-Size Distribution

Size Interval (ym) | Fraction (%) Cum.Fraction
12 31.00 31.00
2620 40.00 71.00
206563 11.00 82.00
63¢>250 1450 9.50
250¢>400 250 93,00
400<>800 1.00 100.00

Avgangsrar - Fraenfjorden

14 DNV © 17 SEPTEMBER 2023
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Den vanligste maten a male partikler pa er a bruke
sensorer som maler “turbiditet” - hvor klart vannet er...

Méned @10

Norsk Standard for overvaking av tiltak i

vannforekomster, NS 9433

Arbeid og tiltak i vann medfarer gjerne visse mengder forurensning. NS 9433
Turbiditetsovervaking av tiltak i vannforekomster, er et viktig verktgy for arbeidet med
overvaking av partikkelkonsentrasjon eller turbiditet i vann hvor det er gjort inngrep.

Dyp (m)

-10

-20

-30

-40

-50




Particulate-Size Distribution

Size Interval [pm) Fraction (%) Cum.Fraction

Sedimentasjonsrater og kornfordeling i i

16

DNV ©

17 SEPTEMBER 2023

63<>250 1450 96.50
250¢<>400 250 99.00
400¢<>800 1.00 100.00
100_|||||||||||| 1 T T T TTT I 1 T T TT0 0.7
90 | .
o\o | _06
U 1 ¢
0 [ 405 G
2 f 03 @
2wk 1. 2
2oL 104 2
= sl 1 %
AN —03 B
QZ) 40 B ] ‘?
z N —02 §
E N 1 °F
G u —0.1
10 _
0_ (il Lt brnebinhin L et brbinhin 00
04 06 0810 2 4 6 810 20 40 60 80100 200

particle size / pm
Maler partikkelfordeling pa det som faller ned i fellene.
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Kornfordeling slik det er i sjgen...

O .
@
v —
- L T oL Iy, e
_ ™~
- Total suspened mass: 16.1 mg/l a = g - Total suspened mass: 29.2 mg/l -
g o Mass [> @93 my]: 7.6 [mg/] (47.1%) g Mass [> @93 my]: 14.6 [mg/l] (50.2%)
= T £ 0 L
w [
@ @
= =
o |
g - = e d H T | |||
| o
125 242 47 772 1498 2905 5633 12892 250 125 242 47 772 1498 2905 5633 12892 250

2014-09-02 13:40:00 2014-09-03 23:00:00

Malinger med et LISST instrument (som maler
partikkelfordelingen slik den faktisk er i sjgen) viser ofte
stor andel starre partikler — fnokker.

Resultatene fra Fraenfjorden viste at sma partikler
aggregerer til starre partikler som synker raskere mot
bunnen.

17 DNV © 17 SEPTEMBER 2023




Denne flokkulering er godt kjent og

mye studert | naturen
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Fonre [1935) . mamy szientiees hive poted chat perticles suspended inoacenne ane mostly in
tlee Eorny of clustered prionary particles of biopenic, rerdpencns, antregogenic and
eeleshnd saprnes {Sveirskn o @l 19ER Addrodge and sihver, 1HE, ihese slusrers are
roleroed v as Moeeales, pellols, agglonkaics, aggiegs G5, oering amew, sLicemors and
siringers, and are kerein referred 1o as Hocs. They account for the arcelecated ransport of
sepszicmcbedd imatee il e Chc sallonn {Shanks and Teenc, Lol Padeles forn elusiees due s
their inherent siickiness, Gweir abilily o adsorh dissolved and colloidal magerial, and their
Llersd Tl willy micradics and plankten [Lowis and Syvalesi, 1982 Thise iflcraclions an:
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Natural flocculation of mineral particles in seawater -
influence on mine tailings sea disposal and particle
dispersal

Jens M. Skei ™ and James P.M. S;:\'itsiiil

* Shei Mining Consultent {SMC). Bassengeien 74, 206 Lavenstad, Norway
* Community Sface Dy yosem (CSDMS), Usiversity of Celorade Boulder, US4
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ABSTRACT
Mineral parmcles i luced m the merme e it form held together by Van der

Waals forces and their ability to snck o dissol\'td and collosdal organic matemal. The agaregates or
floes account for the accelerated transport of suspended msaterial to the seafloor. In low stress
smvronments the size of flocs are large. in high stress environments the floc size 15 smaller. High
particle mereases the £l lation rates. In many coastal sea environments, floc sertling
velocity ranges from 1 to 200 m'd with mes: flocs s=ttling in the 10 to 100 m'd range. Observations
made m namral coastal syvstems and fords are relevant for sea disposal of mime tnilngs. As mnine
tailings may enter the sea a5 a paricle slury already mixed with seawnter, the particles in the shary
are m the carly stages of flocenlation. The flocculation process will reduce the dispersal of fine

grained tailings.
\od
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I. INTRODUCTION
Mining of mineral: and metals creates huge quantities of fine grained tailings
particles which have to be disposed (Apte and Kwong, 2004). In counries like
Norway (KIif. 2010), Canada (Pedersen et al., 1995), USA (Alaska) (Kline. 1998),
Greenland (Johansen and Asmund. 1999). Tutkey (Berkun. 2005). Phillipines
{Dold. 2006) and Papua New Guinea (McKinnen. 2002). DSTFP (Deep Sea
Tailings Placement) has been practiced for more than 30-40 vears. In other
countries, like Chile. sea dispozal is now serionsly being considered as an
alternative 1o land disposal of wilings (Neira, 2012),

Lack of suitable land disposal sites as well as the location of ore resources close to
the coast has increased the interest of exploring the possibility of DSTP. However,
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In situ characterisation of complex suspended particulates @me
surrounding an active submarine tailings placement site in a
Norwegian fjord

Emlyn |. Davies *, Raymond Nepstad
SINTEF Qcen, Erironmenzal Tecnologs, 7465 Trosaheiin, Marwiy

AKTICLE INFO ABSTEACT

Areicle Mistory: Suspended particle measurements aver ocd and ehb fransacts of 2 Narwegian fiord [Franfjorden) with
Received 27 Marchzon? an active submarine mine tailings placernent are presented. Measuremenss focused an characterisation of
Recetved in resised Burm 14 september spatial varlability in particle and floc size, and determination of suspended mine tatling concentrations.
7 Such informatian is erurial far understanding transport ane Aocculation dynamiss, which in tum can

mﬁ%ﬁé:lﬁ:\em;s snenrn;%;rzoﬁ contribuste b numerical models. and thus ta mare accurare predicsiens of sertling fluses

and ranspert anesses Multiple instruments were used o enswre that all relevant partcle sizes could
3 L abserved. These included o LISST- 100x, 2 LISST-Fulo and a bespebe particle imaging systens, which
were deployed tagsther on 3 profiling frame at mulfiple stations transecting the fard. Measuzements

Submarine mine 1ailings placement were obmncd close m the hmh—comﬁanon plun'c imm the tailings discharge and extended several
Partiche size distributions i densely packamed Mocs and large
T —— string-like Hacs, several mim in length; 4 range which could nat be captured by a single instrument. Such
Setikng a range of floc sizes and ¢ has significant for the rransport and settling of the
Furtivte ity material suspended within the fiord.

402017 The Authors. Publishend by Elsevier BV This is an open aceess article ander te € By-NC-ND
license (hrep: {jcreativecommons.org/licenses/by-nc-nd 4.0/
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Macroflocs Megaflocs

Flocculi / fines

Large primary particles
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Fig, 11, Conerphial map showing the dnmenzsineg particlefine fype i he theee different areas decussed in the fer,

time ol measurement Junel S:\-'Eral sludies have invesligated
and setrling of rial relaring o diatnms
(g Lngel, 2000 and relerences thereing A similar loveulation
process hetween inorganic material and diarom chaing has heen
observed in other coastal sites (Cross et al, 2004). Flocculation
between these diarnm chains and the advected fine fracrion of the
mine tailings could cherefore act to retain the tailings high in the
water column. This type of phytoplankton-mineral focculation
implies that there is porential for significant seasonal variarion in
foc Formation within the region, with a greater presence of the
largast, string-like flocs coinciding with a spring diatom bloom. 1P
this is the case, floc size and sertling flux could have scasonally vari-
abzility associated wilh dialom chain abundances, ILis also veorth
noting that it is likely thar such flocs would not be identifiable
wilhoul particle imaging, as oplival scallering measunements will
be mare sensitive o the smaller, dense componants wirhin rhese
lees, and be relatively insensitive Lo the dialom [or stringy lealure)
frself (Graham er al, 200
The guestion of particle orientation may also be ol inter-
esr, especially in atrempting ro anderstand the implication of
preferentially-oriented elongated particles in particle collision
5 and in nptical measusrements that are sensitive o

eyual eguivalent diameter, Further work in guantilying the bounds
of this range of settling velocitics could be usefully applied to mod-
elling the fate and rransport of flocculated material. Due to their
length. such large, string-like flocs cannot be measured with stan-
dard instruments such as the LISST-100 ar US5T-Helo, but could
contribute significantly to the mass transport and envirenmental
impact. inland of the release point. These excessively large Hocs
appear to have beent up to two kil

from the release, or ar least have formed from marerial thar has
been transported this far,

It is also not entirely clear why the fine tailings are transported
west, but nat the low-density large flocs, and why this feature
remaing persistent during the Aeed ride [Fiz, GE).

Bated Lo e lime-scale lor megallos lormation, where the material
rhat exits the plume is reansported west first and is then pumped
easl, by which lime [Bocs have had opporlunily Lo grow. There
could also exist a region of comverging flow to the East of the release
point, where high diarom abundance converges with the fine mine
failings, stimulating the creation of a new Lype of aggregate unigue
s region. Detailed hydrodynamic and transport modelling
may help to test some of these hypothesis. and we plan to pursue




Partikkelspredningsanalyse (SINMOD -> DREAM)

Tabell 4.1  Partilkelfordeling for Hustadmarmor, fin fordeling.

Particulate-Size Distribution

Size Interval (um) | Fraction (%) | Cum.Fraction |
12 31.00 31.00
2¢>20 40.00 71.00
20<>63 11.00 82.00
B3<>250 1450 96.50
250<3400 250 99.00
400<>800 1.00 100.00

The table shows the relative and the cumulative fractions of each size intel
[class] of the particulate material.
iThe cumulative fraction must always add up to 100%,

| 0K I Cancel

For a optimalisere utslippet (minst mulig spredning) er modellering et godt verktay ved a kjgre
ulike scenario for utslippspunktet (mengder, sammensetning, dyp, sted, tid)........
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Men modellen passet ikke med de malte verdiene

L]

-~
Gjennomsnitt pa T (FTU) av Maned ' Stati.. v  Stasjons..
6 : F3 Velg alt Velg alt
L2 M s10 (Tom)
W s27 Border
5 e W s20 Il Deposit ar...
B sei2 Outside
5 ) B sB4
E i3 W se7
= SB1
5 |
£ 3
G
E
2
j =
LN
G

januar mars mai august oktober desember
Maned

1-10 mg/I

Station Stasjonso Gjennomsnitt Standarda Maksimu ~

Antall Date av Station, latitude dec. Gr og longitude dec. Gr

— mrade pa T (FTU) wikpd T mT
: : — Héset B a o (FTU) (FTU) )
Nygjerdet S2Z7 Deposit 3,21 1,57 9,13
100-500 mg/|
A S29 Deposit 3,13 1,55 9,60
area
. . SB12  Deposit 2,68 0,95 6,17
De malte verdiene var mye lavere enn det LT . e
. v 1 eposi . ) )
som ble pressentert i modellen, selv om det area
. . SB7 D [ 10,18 20,37 162,11
ble registrert haye verdier nser p— S )
== Totalt 4,18 7,94 162,11

utslippspunktet....
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“Flokkulering” var ikke inkludert |

modellen (DREAM)

Particle Size Disiribution

Cumulative Conceniration

plfl
0 e — ; :
17 250 1 17 250
microns microns

Mean: 11097
Sid Dev: 91.35
Total Vol Conc- 9. 63

Sample Number: 140

100

Particulate-Size Distribution

1432
2320
20463
B3<> 280
250<>400
400<>300

Size Interval [pm)

Fraction [%]

31.00
40,00
11.00
14.50
2.50
1.00

Cum.Fraction
31.00

71.00

g2.00

96.50

93.00
100.00

Particulate-Size Distribution

Size Interval [um) Fraction [%] Cum.Fraction

10¢>20 .00 31.00

20<>45 40.00 71.00

45¢<>63 11.00 82.00

B3<>250 1450 96.50

250<5 400 250 59.00 Add
400<>800 1.00 100,00 aad

The table shows the relative and the cumulative fractions of each size interval
[class) of the particulate material.
The cumulative fraction must alwaps add up to 100%.

ok | Cancel |

Particulate-Size Distribution

Size Interval [pm) Fraction [%] Cum.Fraction

510 31.00 31.00

10¢540 40.00 71.00

40<>63 11.00 82.00

B3<>250 1450 36.50

260<»400 250 33.00 Add
400<>800 1.00 100.00 =

The table shows the relative and the cumulative fractions of each size interval
[class] of the paiticulate material.
The cumulative fraction must always add up to 100%

oK | Cancel I

| og med at en flokkulering forekommer — de fineste partiklene slar seg sammen til grovere partikler ble
DREAM modellen kjgrt mange ganger hvor en gjorde “partikkelfordelingskurven” grovere. (flytter de
fineste partiklene opp en klasse). | utgangspunktet var det 31% som var finere enn 2 um

21
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Hvilken partikkelfordelingskurve gir en modell som er

Particulate-Size Distribution

Size Interval [pm) | Fraction [5] | Curn.Fraction |
1432 .00 31.00
2¢»20 40.00 71.00
20<>63 11.00 52.00
B3<»250 14.50 9E.50
250<>400 2.50 59.00
4004800 1.00 100.00

22

Particulate-Size Distribution

mest mulig lik de malte resultatene.....?

400<>800

Size Interval [pm) | Fraction [%]
1020 .00
204545 4000
45<363 11.00
63<>250 14.50
250<>400 250

1.00

SINTEF konkluderte med at GROV 2

harmoniserte best

Cum.Fraction

.00
71.00
82.00
96.50
93.00
100.00

Utenfor

St-3-30 m|St-3-49 m|St-1-53 m| omrade %
Turbiditetsmalinger 6.74 3.45 1.84
Bunndyp 30 m, opprinnelig
partikkelfordeling, timestep 2 min 91.09 12.10 43.94 31.6
Bunndyp 30 m, Grov 1
partikkelfordeling,-timestop-2-min 36 85 322 q 87 11.9
Bunndyp 30 m, Grov 2
partikkelfordeling, timestep 2 min 14.90 0.95 2.06 2.9
Bunndyp 30 m, Grov 3
partikkelfordeling, timestep 2 min 5.86 0.41 0.82 0.5

DNV



Engebg caset - tilpasset kornkurven ved a flytte andel
< 15 um til kornklasse 15-19 ym

10% < 15 ym

Kornstgrrelse (um)
0-5
5-15
15-30
30-57
57-84
84-146
146-195
195-235
235-340

r

“Opprinnelig kurve”

Kumulativ (%) Fraksjon (%)

4
10
19
33
45
69
81
88

100

o o

14
12
24
12

12

0,8% < 15 um (NIVA test)

Kornstgrrelse (um) Kumulativ (%) Fraksjon (%)

0-1,1 0,009 % 0,009 %
1,1-2,2 0,013 % 0,004 %
2,2-3,8 0,320 % 0,028 %
3,8-5,3 0,063 % 0,035 %
5,3-7,6 0,18 % 0,145 %

7,6-11 0,45 % 0,305 %

11-19 0,80 % 0,495 %

19-27 1,60 % 1,105 %

27-34 3,00 % 1,895 %

34-42 4,50 % 2,605 %

42-60 10,0 % 7,395 %

60-85 18,0% 10,605 %
85-132 40,0 % 29,395 %

“Basert pa utsynknigsforsgk med
Magnafloc”

Kornstgrrelse (um)
15-19
19-27
27-34
34-42
42-60
60-85

85-132
132-195
195-235
235-340

Kumulativ (%) Fraksjon (%)
0,8
1,6
3,0
4,5

10,0
18,0
40,0
81,0
88,0
100,0

Flyttet finstoffet under 15um opp
til kornklasse 15-19 ym

0,8
0,8
1,4
1,5
55
8
22
41
7
12

Fra Appendix 4 i rapporten: De tilpasningene av kornkurven som er beskrevet ovenfor var ngdvendiq for a fa
representert flokkulering indirekte i DREAM. Disse var av modellteknisk art, og betyr ikke at det ikke vil

finnes partikler < 15 um i sjoen..
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Spredningsmodell basert pa DREAM

BN GTEE N AN BEwN S

Figur 22: Resultat for scenario A: Spredningsbildet etter 3, 6, 9 og 12 maneder. Konsentrasjon av
partikler, vertikalt maksimum. Siste del av simuleringsperioden sammentfaller med endringer 1 det

underliggende strombildet (april-juni), og et annet spredningsmonster kan observeres.
24 DNV © 17 SEPTEMBER 2023
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Fremtidssceanrio (25 ar etter oppstart)

7

“annet utslippsted
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Usikkerheter i malingene og analysene

Utforte malinger:

« bl.a. fra selve instrumentet/sensorene, benyttet maleoppsett og rigg, ved
utsetting, evt. ytre pavirkninger i maleperioden og datainnhenting/behandling.

 stgrste usikkerheten knytter seg til strammalinger ved hastigheter ned mot
null.

Stremmodellering:

* De viktigste feilkildene til en modell som SINMOD ligger i inngangsverdiene som bunntopografi
og atmosfaeredata (vind, temperatur, skydekke, luftfuktighet og trykk),

« Grenseverdiene for hvert modelloppsett kan vaere en viktig feilkilde.

Partikkelspredningsmodell:

* De viktigste feilkildene til DREAM ligger i inngangsdataene. Sentral input til DREAM er bl.a.
utslippskarakteristikk (eks. utslippsdyp, helning pa rgr, rater, kornstarrelsesfordeling), stramforhold og
sjiktning. Det forventes noe usikkerhet knyttet til utslippskarakteristikk, inklusiv benyttet
kornstarrelsesfordeling.

26 DNV © 17 SEPTEMBER 2023
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...nar det er sagt sa er flokkulering na inkludet i ulike
modeller som brukes til partikkelspredning

5 4.3  Setiling Velocity and Flocculation
F ]'0 ccu lat 10n mOdel The settling velocity of the fine sediment depends on the particle/floc size, temperature,
concentration of suspended matter and content of organic material.

Usually one distinguishes between a regime where the settling velocity increases with
increasing concentration (flocculation) and a regime where the settling velocity decreases
with increasing concentration. The latter is referred too as hindered settling. The first is

17.1 Flocculation model for suspended sediment settling speed in
the most common of the two in the estuary.

DREAM

Following Burt (1886). the settling velocity in saline water (=5 ppt) can be expressed by:

B Marine Environmental Modeling Workbench - floceulaion tet cam | pre = ke fow cS]Dkgr'm3 (43)
Fle it Vew Mep Gid Daia Sehip| Teoh Oupt Window Sysiem Help Experencrtal *
Ol &S] Bl Gl  Smaiereintwiods

20 Currmstc

where

W settling velocity of flocs (m/s)
c volume concentration

ky coefficients

¥ 1t02

T direetion
5 Concentracion grid degth Ralease St » o

Mo degth Ordl it s Breriee e i

Scenatio Parameters... s0m

Lower on, imit ;
Suace gid reschtion Mockd |t i
¥ ewction ] Flocculition Modsl Setug. : .
5 Flezcaiation hla el =
¥ direction ] P

Refinemernt o -
Surface film thicknesces antom | Ry v ek e ram s L e
4

ntie E
Thick limit ol
Terminal LTl

Cntput Interal 10

Cutput interval unit mranes

The relation for ¢ < 10 kg/m? describes the flocculation of particles based on particle
collisions. The higher concentration the higher possibility for the particles to flocculate.
Leoom

- ¢ > 10 kg/m* corresponds to 'hindered' settling, where particles are in contact with each
other and do not fall freely through the water.

1001000600 L

o] e |

B
§
T s o L
Tiras st Lot it [
[ e deid sand Alternative settling formulations are also available:
Madelling opticrs z
Use Disionce to NN a
Adsrty Diss equikbeium $
Bentres vertical minmg 5
Byproduct degradation
Approx e canc. >
Sheteh cusvent depth £
i iy &
Add Sand te 0il ﬁ
Compreas cone airay L]
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The formulation of Richardson and Zaki (1954) is the classical equation for hindered
settling:

ooom

aoon

mOonoor

@ DHI - MIKE 21 & MIKE 3 Flow Model FM - Mud Transport Medule 8

Floceulation_test_case_1.hib

MN6LBG.LY  N.OTAGLS  N.T.8SZ0  NIZ.BS.LS N.m NBT.86.L9

Cohesive Sediments M'KE

PO 4S"E 10°02'50°E 10ZSE W0I00'E

D0O0OomOn

Figure 17.1: How to set up the floceulation model in DREAM.

DREAM (v13.0.0)
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Utredningen av sjgdeponiets effekter pa livet i havet:
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Nordic Rutile AS

Rapport Nr.: 2014-1193, Rev 01
Dokument Nr.: 13BHORT-10
Dato: 2014-11-10

Tabell 3-6. Oversikt over fiskeegg, Fordefjorden 2014.5tasjoner merket D fra bunn til overflate, alle

andre fira 50m dyp til overflaten

Stasjon Laksesild Brosme |Lange Torsk/ Tang- Torskefisk | Sandflyndre | Redspette  Skrubbe
hyse brosme

HAW 1-1 2 3 1 1

HAV 1-2 E] 1 1

HAV 2-1 3 4 2

HAV 2-2 7 1 2 1

HAV 4-1D 21 2| 208 5 8 1

HAV 4-2D 40 4 19 1 5 1

HAV 5-1 7 1 2 1 1 1

HAV 5-2 1 1 2 1

HEV 6-1 3 1 2

HAV 6-2 2 1 2 1

HAV 7-1D 21 1 1 3 2 1

HAV 7-2D 30 2 2 6 5
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Hepwords. Submarine 'm].ms dioposal (5TD) in fords ﬁnm)md baced mines is common practice ln)lnmwamd takes n!nn:r

Submartne caling dlsposal in other region: worldwide. We rymthesize the recults of o multidisciplinary programme on
E s oF 57D ormegar Gund,peveifing:new Kl it ca b applic] t acnes s gt Bnpac af
v tailing Jiopossl plobally, boeh for cubmarine an deepcen activities. Detailed seclogical renficor mapping

Bast available teehnicpass:

provided dam on natural sedimentation to menitor deposittonal procecces on the seafloor. Modelling and
analytical techniques were uoed to access the behavi

€ tailing particles and process-chemicals in the emnvi-

ronment, providing novel tools for menitoring. Toxicity tesss chowed biological impacts o test species due tor
particulate and chemical expocure. Hypersedimentation mecotosm and field experiments chowed o varying
recponze on the benthos, nllowing to determine the transition cone in the STD impact aren. Recolonization

studies indi full community recovery and

of metn] leakage rates may take several decades

due to biotarbation and clow buzial of sulfidic tailings. The recultr are cynthesiced to provide puidelines for the
development of bect available techmiques for 5TDe.

L. Introduction

Global demands for mieral sesousces are rapidly increasing. aot
anly ta sustatn tradicianal uses but ala for the of new,

has predieted thar e amount of minerals, ores, fossil fuels and bivmase
consumed globally per pear could eriple berween current day and 2050
(1P, 2020), Mining activities produce large amounts of waste, and the

green energy technclogy such az wind turbines or electric car battesies
(Vegr, 2013 Dold, 2014a) Diseussions based on robust seientifie amd
engineering knowledge need to tabe place to fnd the neceszasy balance
berween exploration for and exploitation of known and new resurees,
the development of mew techuologies and secycling of existing re-
pources. Howewver, the United Narions Environment Programeme (L NEP}

saund of such waste, ac all stages of
mining closure and post.cl . iz one of the major sz
faced h\- e mining indusery, au,.l a mapor coneern for eivil soefery.
Mining waste imcludes rocks from overburden and tailings representing
e wagre produced after the targes mineral has been extracted from the
ore, 2ud may account for a high proportion of the extractsd ore {e.g. up
w 99% for copper and 99.99% for gold (MMED, 2002)), Talings usually

"+ Comespoding suthor at Nerwegiar luctitute fo Water Researeh (NIVA), Goustadalléen 21, NO.0340 Oulo, Noeway.

Lloddrsh.
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Effects of mine tailing exposure on early life
stages of cod (Gadus morhua) and haddock
(Melanogrammus aeglefinus)

ulia Farkas ® o =, Trond Nordtug ®, Linn H. Svendheim ®, Elettra D. Amiceo %, Emlyn ]. Davies %,

Tomasz Ciesielski %, Bjorn Munro Jenssen , Torstein Kristensen B, P&l A. Olsvik B,

Bjorn Henrik Hansen °

Highlights

« Mine tailing particles attach to cod and haddock eggs during exposure.
= Tailings remained attached on egg surfaces after exposure.

« Exposure to tailings induced buoyancy loss and sinking at higher
concentrations.

tailing release sites are not known to our knowledge. To predict risks related to positive
buoyancy loss in real environmental scenarios, further research is needed to determine
the likelihood and duration of particle-fish egg encounters at tailing placement sites.

...laboratorie-eksperimenter viser potensielt negative effekter pa vannlevende

w owe wsermeesrzzs  Qrganismer.... men hvordan male disse i naturen? —_—



En mate kan veere a studere forekomst av fiskeegg og larver — Er det noen forskjell nar det
gjelder forekomst inne i deponiet vs utenfor?
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Tabell 5-3. Viser fanist for dai 2 med havitrekk, tatt fra 0-20m Di 20-40m.

0-20m 20-40m 0-20 m 20-40m 0-20 m 20-40 m 0-20 m 20-40m 0-20m 20-40'm 0-20m 20-40m 0-20m 20-40m
Gapeflyndre 1 1 1 1
Redspette 2 1 2 1
ka_:_:_!;f;andﬂyndre 15 6 6 3 5 1 9 6 5 6 8 5 5 8
Skrubbe (?) 1 1 1 1
Brisling 11 1 1 3 1 2 1 9 2
Tanghrosme 1 2 1 1 1
"Torskefisk" 1
Brosme 1 1 1
it B ) S D R N e ) ) N Wl Hvor lik er fordelingen
Larve ubestemt basert pa arter og antall
Tobis larve eg g ?
Sum 19 B8 31 5 10 13 15 23 17 19 20 20 28 13
N J
Y

“Utenfor deponi”

DNV (2022) 2022-0473

Forekomst av fiskeegg og larver — inne i deponiet vs utenfor 2016 — 2021: ingen signifikant forskjell
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Grenseverdier

Macrofauna - effects when sedimentation is more than

émm/year*
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Smit MG, Holthaus KI, Trannum HC, Neff JM, Kjeilen-Eilertsen G, Jak RG,
Singsaas |, Huijbregts MA, Hendriks AJ. 2008. Species sensitivity
distributions for suspended clays, sediment burial and grain size change
in the marine environment. Environ Toxicol Chem 27(4):1006—1012.
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Grenseverdier

Macrofauna - effects when sedimentation is more than

6mm/year¥*

SB15
e
5B15
3
-9
& 4 =4
3
& | xrs3
5, .
3 1
2] caiw
17|
.
01 ZOO0Z 2003 2004 2005 FO06 2007 OO 2009 2000 =

6mm/ar er det som er angitt som gult og innenfor

Smit MG, Holthaus KI, Trannum HC, Neff JM, Kjeilen-Eilertsen G, Jak RG,
Singsaas |, Huijbregts MA, Hendriks AJ. 2008. Species sensitivity
distributions for suspended clays, sediment burial and grain size change
in the marine environment. Environ Toxicol Chem 27(4):1006-1012.
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Grenseverdier

Litteraturstudie: effektgrenser for fisk av okt
partikkelkonsentrasjon i vannsgylen

Lavest konsentrasjon for fiskeegg- og larver
(basert pa studier pa torskegg og sildelarver) ble
det foreslatt en effektgrense pa 5 mg/I

Smit MG, Holthaus KI, Trannum HC, Neff JM, Kjeilen-Eilertsen G, Jak RG,
Singsaas |, Huijbregts MA, Hendriks AJ. 2008. Species sensitivity
distributions for suspended clays, sediment burial and grain size change
in the marine environment. Environ Toxicol Chem 27(4):1006-1012.
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Hvor lang tid tar det far bunndyrsamfunnet kommer
tilbake - rekolonisering?

| Freenfjorden utfart forsgk
ved a sette ut kasser med
avgang og se hvordan
blgtbunnsfaunaen
etablerer seqg.

Gjennomfart over 3 ar

| m Varia
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: Crustacea
=l Mollusca

I m Echinodermata
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M Polychaeta

(utfgrt to ganger) " crustace
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120 -
S Antall arter
100 -
80 - _ i 96
82 80 Ej - & W Varia
ED ] ?1 " i 3 .
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Hvor lang tid tar det far bunndyrsamfunnet kommer
tilbake - rekolonisering? Eksempel fra Bgkfjorden

[11 d”
o 13 [} W0 13 0 dn
Il%
- o NY U= B - ? ; = Stasjon/
1 f . e, A T 1 U 2 J , > . ’
b Ry N A R 4 sl S | parameter BOK-1 | BOK2 | B@K3 | BOK4 | BRKS = BEK6 | BOKT | BOKS
3 A i A
W Bl 0 ¢ % | G Antall arter 37 45
arli 3 { \ © Mindre god Antall individ 1156 569 526 287 a97 2983 934 1219
A - i " Woderat
i :{Igﬁg\ Meget darlig (2,187)
| 1 Moderat
1§ \ nEOR (0,535}

f = i ; & ‘x‘: 2
. “Fgr oppstart” “2 ar etter oppstart” “3 ar etter avsluttet gruvedrift”
NIVA 5472-2007 NIVA 6310-2012 | Modifisert etter Akerbla MCR-M-18X094 (2018)

\

DNV © 17 SEPTEMBER 2023 Y

Basert pa kamera (Benthic Habitat Quality index)

38

Basert pa grabbpragver (EQR
Environmental Quality
Ratio=gkologisk tilstand)

“God” gkologisk tilstand
3ar etter avsluttet

deponering basert pa
blgtbunnssamfunn
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Engeba turbiditetsmaling = |

i Engebe milebaye
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2022-11-02 14:20:32

s
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Engebe mileboye Parameters

O XE-CB-C-ATAG-20258 | TLrEidity 5 [FNA)) g~ X2-CB-C-ATAG-2033 8 : Turtidity 30 {Feu)

Temperature M Turbidity FU A alarm Summary
1 083 C O 470 FNU ¥ Hame Type Status Event Time:
T '
A £ 0
’ &30 1 Heyturbiditet Alorm @ romal 2022-10-7 1220600
Temperature A Turbidity FNU

11.85¢ 0.410 ru

T
k) F] Q

Logger Disgnestics Latitude i Longituds I
Stas  Parameter value  Sample Time Guick Alert 61 48 81 94 Deg 5 ‘44? 2'7 7 Deg
20 50 2
/] Engebe malebaye : Primary Power (V) 140 2022-11-02 1420:00 i} 20221102 1300:00 20221142 12000
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Altitude i Primary Power
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