Al hiva 12011 'Report

Arnarlax

B-survey local impact zone, Laugardalur,
March 2021 (Max biomass)

Divesze | Tewer | Tafe | 30 [ Her | Siepesardh | Buss | Suam |

e
Q

NORSK
AKKREDITERING
TEST 079

Akvaplan-niva AS: APN report. 62334.B01




Akvaplan-niva AS

Radgivning og forskning innen miljg og akvakultur
Org.nr: NO 937 375 158 MVA

Framsenteret, Postboks 6066 Langnes, 9296 Tromsg
TIf: 77 75 03 00

www.akvaplan.niva.no

Akvaplan.

<Z—NINa

Information client

Title
biomass)

Arnarlax. B-survey local impact zone, Laugardalur, March 2021 (max

Report number APN-62334.B01

Site number Coordinates site 65°39.188 N
23°55.910V

County Municipality Talknafjordur

MTB-or estimated max | 6.234 tonn Site manager/contact | Jonas Snaebjornsson

biomass

Client name Arnarlax/Fjardalax

Biomass/production/status at date of survey

Biomass at date of survey 6.151 ton Feed use 7.706 ton
Fish type Salmon Amount produced 6.943 ton
Typeltime of survey Mark with X Comments

At maximal biomass see kap 7.9

A follow up survey ]

Half maximal biomass ]

Survey prior to putting out smolt ]

A pre-survey new site ]

Other U

Last fallowing period: (Sett tidsperiode)

Results from B-survey iht. NS 9410:2016 (main results)

Parameters and indexes Parameters and site status

Gr. Il. pH/Eh 0,67 Gr. Il. pH/Eh 1

Gr. lll. Sensory 0,89 Gr. lll. Sensory 1

GR. I +111 0,78 GR. lI+11l 1

Date field work 25.03 2021 Date report 04.05 2021
Site status (NS 9410:2016): 1

Repprt writing and Snorri Gunnarsson Signature g : /

project leader e asr—

Quiality control Arnpér Gustavsson Signature /!n'n\por Cidosan

© 27.09 2019 Akvaplan-niva AS. Rapporten kan kun kopieres i sin helhet. Kopiering av deler av
rapporten (tekstutsnitt, figurer, tabeller, konklusjoner, osv.) eller gjengivelse p& annen mate, er
kun tillatt etter skriftlig samtykke fra Akvaplan-niva AS.




Table of contents

PREFACE ...ttt ettt be bt e be e b e e se e st et ebentenbeebeebeebeeneeneeneeneenas 2
L INTRODUCGTION ..ottt bbb bbbttt sb e bbbttt e s et e e e 3
2 PROFESSIONAL PROGRAM AND METHODS ........ccciiitiiiiiieieiesie e 4
0 A ] o T U T o T o USSR 4
3 SITE DESCRIPTION AND BOTTOM TOPOGRAPHY .....ccocoviiiiiieiine e, 5
3.1 INTO SITE OPEIALION ....c.vieie ettt et e st e et e e seesraesteen e sreesaeeneenreas 5
3.2 Present and Past SITE SUIVEYS .....ooueiiieieeie ettt sttt sae et ste e sbeesaeeneenreas 5
3.3 DISPEISING CUITENT ...cuveeeeieieiieetesieeste e e ee s e ete s e s teeste s esreeeeeseesaeesaeaneesreesaeeneesneeseeneenrens 6
3.4 Position of SAMPIING STALIONS........eoiiiiiie e e nreas 6
A RESULTS ...ttt bbb bbb bbbttt b bbbt bbbt et n s 8
5 CONCLUSION ...ttt sttt sttt e b e et e st e sbesbesbeebeeneeneeneennens 9
B REFERENGCES ... .ottt bbbttt n e 10
T A = =1 15 1 GO URURSSSSRSRN 11
7.1 Sheet (B.1 09 B.2) NS 9410:2016 .......cccoiiieieieiiesie ettt 11
7.2 Pictures of samples at Laugardalur............cooeiiiiniiiienee s 15
7.3 Bottom topography and 3D VIEW .......ccccueieeiveiieiieseesie e e esie e e eae e ssaesse e ssaeneeanes 19

Arnarlax. B-survey local impact zone, Laugardalur,
Rapport APN report. 62334.B01 1



Preface

The survey is carried out according to guidelines in NS 9410:2016 which includes evaluation
of sediment, faunal investigation and bottom topography. The environmental survey is
regulated by § 35 in the Norwegian «Akvakulturdriftsforskriften. The survey also fullfills the
requirements regarding bottom surveys in the standard 1SO 12878.

The estimated planned max biomass for the next generation fish in Laugardalur according to
information from the Arnarlax is 6.234 ton. Biomass is defined as standing biomass of live fish
at any given time (either kg or ton). The estimated max biomass for the present farmed
generation of fish demands for 18 sampling stations.

The following have participated in the survey:

Snorri Gunnarsson Akvaplan-niva AS Eks. P rOSJ_ekt_Ieder.
Kvalitetssikring.

Snorri Gunnarsson Akvaplan-niva AS Eks. Feltarbeid. Kart (Olex).
Rapport.

The date for sampling at the Laugardalur was done 25.03 2021.
Accredited survey:

The following parts of the survey are done in accordance to accreditation methods:

Sampling and treatment of sediment samples, analysis of samples and evaluations of the results.
It should be pointed out that as Icelandic officials have not set standards regarding different
parameters based on samplings at Icelandic conditions so the site characters in this report should
be interpreted with that disclaimer in mind.

g ) Akvaplan-niva AS er akkreditert av Norsk Akkreditering for prgvetaking og faglig vurderinger og
d fortolkninger, akkrediteringsnummer TEST 079.
lOI Akkrediteringen er iht. NS-EN ISO/IEC 17025

AKNREDITER NG

Akkrediteringen omfatter bla. NS 9410, NS-EN ISO 5667-19 og NS-EN I1SO 16665.

Akvaplan-niva AS thanks Arnarlax their personnel for the cooperation with working on this
site survey.

Koépavogi 5. mai 2021

norri sunnarsson

Project manager

Akvaplan-niva AS, 9296 Tromsg
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1 Introduction

The sampling date for the present site survey was the 25.03 2021 and done by Akvaplan-niva
AS contracted by Arnarlax in relation to the companies fish farming activity at the site
Laugardalur in Talknafjordur, Iceland.

The objective of the B-survey is to document the environmental condition of the local impact
zone of the fish farm according to NS 9410:2016 (and 1SO 12878) which includes condition of
the seabed, faunal evaluation and bottom topography registration. The survey is also part of
fulfilling the requirements set forward in VVoktunardatlun for the company.

The survey gives an estimate and evaluation of the site condition with regard to organic load
and suitability assessment of the site for fish farming activity.

Figure 1 shows map of the fjord system Vestfirdir including the fjord Talknafjérdur where the
site Laugardalur is placed.
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Figure 1. An overview map with the Laugardalur site market by it’s name and a red cross.
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2 Professional program and methods

Environmental monitoring of the impact from the fish farming activities on the seabed is a
standardised system. All fish farming sites in the sea are to be regularly assessed. The methods
for monitoring is in Iceland based on description in the ISO 12878 standard and we also follow
the methodology described in the NS 9410:2016. The Icelandic Umhverfisstofnun can also set
forward specific requirements regarding frequency of samplings for different fish farming sites
that can overrule the requirements in the above mentioned standards.

The B-survey is a trend study of the benthic conditions at or in close proximity to the fish
farming site (local impact zone). Sediment is collected by use of grab (min 250 cm?). Each grab
sample is investigated with regard to three observation types of benthic characters; faunal
parameters, chemical parameters (pH and redox-potential) and a sensory evaluation (gas
bobbles, smell, texture, colour and the thickness of the precipitated slam layer in the sediment.
The different benthic parameters are given a character on the scale from 1 to 4, according to the
scale of the impact on the benthic conditions from organic load, see criteria in table 1. The
number of sampling stations are decided based on the estimated max standing biomass for the
given year class for farmed fish at the site and it is the weighted average for all the sampling
stations that gives the sites condition.

Table 1. The frequency of B-surveys in the local impact zone according to site condition with reference
to NS 9410:2016 *this standard is not required by Icelandic law.

Site condition at the time of Overvéakingsfrekvens for B-undersgkelse (NS 9410:2016)
sampling

1-very good At next max biomass

2-good Prior to putting nex generation into sea and again at next max biomass.

Prior to putting next generataion into sea.
Based on the site condition prior to putting next generation into sea:

Condition 1 — next site survey at next max biomass

Condition 2 — next site survey at next halv max biomass and at max
3-bad biomass

Condition 3 — next site survey at next halv max biomass and at max
biomass. Some conditions should apply for farming of next
generation at the site

If any of the samples result in character 4 it is a sign of overload.
4-very bad Overload

2.1 Field equipment

The following field equipment was used during the site survey:
Grab: Van Veen grab (0,025 m?)

Sieve 1 mm: Akvaplan-niva

pH meter: Electrode, YSI Professional Plus

Redox-meter: Electrode, YSI Professional Plus

Position determination— Garmin GPS mapping tool.

Digital camera

Akvaplan-niva AS, 9296 Tromsg
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3 Site description and bottom topography

3.1 Info site operation

The Laugardalur site is currently holding its fourth generation fish and the present generation
is close to max biomass. The first generation was farmed at slightly different location within
the fish farming are some further out in the fjord. The current generation was put into sea
summer 2019. The installed fish farm at the site is a single frame mooring system with 2 x 7
cages with 160 m circumference. During the present production cycle all 14 cages have been
used (Nikolas Tzamouranis, pers. info).

Table 2 shows the production and feed usage past three, and the fourth generation to date.

Table 2. Production and feed usage at the site Laugardalur, data is based on info given from the fish

farmer.
Generation of fish (G) Production (ton) Feed usage (ton)
Present generation 4 6.943 7.706
Past generation 3 4.498 8.107
Past generation 2 2.836 3.406
Past generation 1 734 959

3.2 Present and past site surveys

There are results from two previous B surveys at the site Laugardalur. The fish farm for the first
generation (2010 — 2012) at Laugardalur site was placed somewhat further into the fjord about
1 km south-east from the current location. There was not conducted a B-survey related to this
first generation fish but Pdrisson et al. 2012 reported results from a bottom fauna survey with
samples taken before putting fish into sea and again at time of slaughter. The site for the second
generation of fish at Laugardalur (2013 — 2014) was located at the same place as the current
site is located. No B examination was carried out related to this second batch of fish but borisson
et al. 2015 reported results from the bottom fauna survey with samples taken both in the local
impact zone and in the transect zone. For the third-generation fish at the site that was put into
sea in 2017 there was done a B-survey subsequent with max. biomass (Gunnarsson, 2019a) and
at fallow prior to putting the current generation into sea (Gunnarsson, 2019b) Table 3 shows
the dates and results from previous B-surveys for the site.

Table 3. Previous B-surveys from the site Laugardalur.

Dato . .
provetaking Rapportnummer Type undersgkelse Lokalitetstilstand
03.11 2017 APN 9207.01 Max, biomass 1
27.05 2019 APN B 60938 Fallow period 1

Arnarlax. B-survey local impact zone, Laugardalur,
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3.3 Dispersing current

For the site Laugardalur dominating dispersing current (42 m) is in direction north-vest (315
degrees) with a counter current against south-east (120 degrees). Average current speed is
measured to be 4.2 cm/s. Highest current speed is measured to be 21.2 cm/s and 8.2 % of the
measurements are < 1 cm/s (Heggem, 2019).

3.4 Position of sampling stations

Description of the stations in the survey is given in figure 2 and table 4. Positioning of the
stations was chosen based upon bottom typography and configuration of the farm. The farming
company has informed that all cages were used at some point during rearing of the last
generation fish at the site. Bottom topography is a gentle slope from shore to south westerly
direction with depths from around 32 m closest to land and to about 53 m at it’s deepest.
Location of stations were set to best map the entire local impact zone. It is important to cover
the local impact zone both for the deeper and shallower areas of the fish farming site within its
configuration. The sampling stations were placed at a depth that varied from 51 meters where
deepest down to 30 meters where shallowest. The placement of sampling stations is considered
representative for a survey of the local impact zone according to ddescription in NS 9410:2016.

WMMQOMMMM L { O[S0 <<= ==» [ Auto | Relief [ Buxes 16:38:59 -
e i1 R
&FT2 :
¢ 21b . 1
L QZIH 0).b3 ?\ e?F4 N
SEARRE Fs
o 7 »
L x St\1/2
@§20a x Sl <6
2({ St\13 :
B 519 a St 14 S _
Fé 7
4150 Q
16 3 ol
91
Deptheontowrs 1 | 2 | 5 | 10 | 20 |[S0] 100 | Depths
Chart selection Norgeskert 15/11-2018 | NGUmeps (rightmousel) | [ChoreWorld] [Background | Chortfiles | CDindex | ChantWodd versions EOl s
Plotlayers <c<|>»] @ | 02 | w2 | = | B | #5 | 85 | o3 | b5 | = | vei Right mouse button changes labels Olex

Figure 2. Chart showing depths at the site Laugardalur. Sampling stations St. 1 — 18 are marked with
color codes that describe the condition according to NS 9410:2016, chapter 7.11. Color codes: Blue =
very good condition, green = good condition, yellow = bad condition, red = very bad condition.
(Current rose from Heggem, 2019)
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Table 4. Placement and depth of the sampling stations in the B-survey.

Station number North Vest Depth (m)
St1l 65°39,248 23°55,298 51
St2 65°39,053 23°55,396 46
St3 65°39,060 23°55,528 50
St4 65°39,084 23°55,635 51
St5 65°39,109 23°55,756 51
St6 65°39,134 23°55,883 51
St7 65°39,161 23°56,000 51
St8 65°39,186 23°56,120 51
St9 65°39,213 23°56,241 51
St 10 65°39,290 23°56,122 41
St11 65°39,292 23°56,176 43
St12 65°39,265 23°56,008 42
St13 65°39,240 23°55,895 40
St 14 65°39,214 23°55,769 36
St15 65°39,187 23°55,653 34
St 16 65°39,160 23°55,534 32
St 17 65°39,142 23°55,463 30
St 18 65°39,119 23°55,398 31

Arnarlax. B-survey local impact zone, Laugardalur,
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4 Results

Results for the different parameters are given in Table 5. A complete filled samples sheet with
calculations for each parameter is attached in appendix. The overall site condition is 1 « very
good». The status for group Il (pH/Eh) was 1 « very good», status group Il parameters
(sensory) was 1 « very good» and average group Il + 11 parameters is status 1 « very good».

Table 5. Results from the classifications of different stations in the local impact zone of the fish farm.

Parameter Condition
Group Il - parameters (pH/Eh) 1
Group Il — parameters, (sensory) 1
Group Il + Il — parameters (middelverdi) 1
Site condition 1

There were collected valid sediment samples at 17 out of the total 18 stations. Samples were
collected in the first grab taken in 16 stations, one station required 2 grabs and in station it was
not possible to collect sediment sample so it was defined as hard bottom station (st. 17). This
indicates that in general there is soft bottom in the whole local impact zone and typical sediment
type was a mixture of clay and sand.

For the group Il parameters (pH/Eh), fifteen stations had conditions 1 «very good», one station had
condition 2 «good», one station had condition 3 «bad» and one station had condition 4 «very
bad». For sensory parameters (group Ill) ten stations had condition 1 «very good», seven
stations had condition 2 «very good» and one station had condition 4 «very bad». For combined
group Il and 111 parameters (pH/Eh and sensory), 13 stations had condition 1 «very good», 3
stations had condition «good», one station had condition 3 «bad» and one station had condition
4 «very bad» and at that station (st. 11) gas was detected in the sample. Animals where present
in 16 out of the 17 samples. The overall condition for the site is 1 «very good».

Akvaplan-niva AS, 9296 Tromsg
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5 Conclusion

Based on the criteria given in NS 9410:2016 the fish farming site has been assigned a site
condition 1 «Very good» at the date of sampling. A total of 21 grabs were taken with Van Veen
grab (0,025 m?), divided on 18 stations placed around the fourteen installed cages at the site.
For combined parameters Il and I11 (pH/redox and sensory) 13 stations had condition 1 «very
good», 3 stations had condition «good», one station had condition 3 «bad» and one station had
condition 4 «very bad».

Dominating dispersing current (42 m) is in direction north-west (315 degrees) with a counter
current to south-east. Average current speed is measured to be 4.2 cm/s. Highest current speed
IS measured to be 21.2 cm/s and 8.2 % of the measurements are < 1 cm/s,

From an environmental standpoint and according to the methodology applied we report
relatively low levels of organic load at the site as a whole but at the north-west corner of the
site coherent with the direction of dispersing current there was some evidence of high organic
load. In a previous B-survey taken at the time of maximal biomass (Gunnarsson, 2019a) the
Laugardalur site site was assigned an overall condition 1 «Very good» and low level of organic
load but the stations with reduced conditions were also then mainly at the western part of the
site. At the last B-survey at fallow period (Gunnarsson, 2019b) the resting period resulted in a
improved status at the site. The current results show that overall the environmental status of the
Laugardalur site between the max-biomass survey in 2017 and the current survey is similar so
neither trending for worse or for better.

The site is assigned a condition factor 1 "*Very good™ according to calculations based on
methodology described in NS 9410:2016 and sample sheet Table B.1 and B.2 (se chapter
7 Appendix).

Arnarlax. B-survey local impact zone, Laugardalur,
Rapport APN report. 62334.B01 9
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7 Appendix:

7.1 Sheet (B.1 og B.2) NS 9410:2016

Sample scheme B.1

Company Arnarlax Date: 25.03 2021
Site: Laugardalur Site no.:
Fieldworker: Snorri Gunnarsson
Gr Parameter Point Sample number
1 2 3 4 5 6 7 8 9 10
| Bottom type: S (soft) eller H (hard) s s s s s s s s s s
| [Animals> | Yes (0) No (1) | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 |
1lmm
I |pH value 7,7 75 72 7,6 7,7 7,7 7,7 7,6 7,6 6,9
Eh (mV) ORP 72 -43 -255 -24 10 32 35 108 -59 -230
plus ref. verdi 272 157 -55 176 210 232 235 308 141 -30
pH/Eh from figure 0 0 2 0 0 0 0 0 0 3
Status station 1 1 2 1 1 1 1 1 1 3
Buffer-temp 50C Seatemp 16 SeelmeriEnm NA C
pHsea 7,95 ORP sea 201,0 mV Ehsea 401,0 mv Reference electrode 200,0 mv
Il |Gas bubbles Yes (4) No (0) 0 0 0 0 0 0 0 0 0 0
Colour Light/grey (0) 0 0 0 0 0 0
Brown/black (2) 2 2 2 2
None (0) 0 0 0 0 0
Smell Light (2) 2 2 2 2
Strong (4) 4
Solid (0) 0 0 0 0 0 0 0 0 0 0
Consistency Soft (2)
Aqueous (4)
v<1/4(0)
Grab volume
) 1/4<v<3/4(1) 1 1 1 1 1 1 1 1 1
v>3/4 (2) 2
t<2cm(0) 0 0 0 0 0 0 0 0
Thickness of
slidge (t) 2<t<8cm(l) 1 1
t>8cm (2)
Sum 4,0 1,0 8,0 10 1,0 1,0 1,0 5,0 5,0 6,0
Corrected (*0,22) 0,9 0,2 1,8 0,2 0,2 0,2 0,2 1,1 1,1 1,3
Status station 1 1 2 1 1 1 1 2 2 2
Average group l1& 1lll 0.4 01 19 0.1 01 01 01 0.6 0.6 22
Status station 1 1 2 1 1 1 1 1 1 3
Grab ID
K-22
pH/EhID )
YSkprof | pl
professional plus R GRS
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Sample scheme B.1
Company: Arnarlax Date: 25.03 2021
Site: Laugardalur Site no.: 0
Fieldworker: Snorri Gunnarsson
Gr Parameter Point Sample number Index
11 12 13 14 15 16 17 18 19 20 S% | H%
| Bottom type: S (soft) or H (hard) s s s s s s H S 94 6
T [ 1 [ofoJofofof Jof | |
| Ye No (1
| 1mm ‘es (0) No (1) 1 0 0 0 0 0 0
Il |pH value 57 78 7,6 7,6 7,6 7,6 75
Eh(mV) ORP -210 -60 -138 -80 -54 -55 -130
plus ref. verdi -10 140 62 120 146 145 70
pH/Eh from figure 5 0 1 0 0 0 0 1 0,67
Status station 4 1 1 1 1 1 1 1
Sediment
Status group Il 1 Buffer temp 50C Seatemp 16 C temp NA C
pHsea 7,95 ORP sea 201 mV Ehsea 401 mv Reference electrode 200 mv
Il |Gas bubbles Yes (4) No (0) 4 0 0 0 0 0 0 0
Colour Light/grey (0) 0
Brown/black (2) 2 2 2 2 2 2 2
None (0) 0 0 0 0
Smell Light (2) 2 2 2
Strong (4) 4
Solid (0) 0 0 0 0
Consistency Soft (2) 2 2 2
Aqueous (4) 4
v<1/4(0) 0 0 0 0 0 0 0
Grab volume
) 1/4 <v<3/4(1) 1
v>3/4 (2)
t<2cm(0) 0 0 0 0 0 0 0
Thickness of
slidge (t) 2<t<8cm(1) 1
t>8cm(2)
Sum 16,0 2,0 6,0 6,0 2,0 2,0 0,0 6,0
Corrected (*0,22) 35 0,4 1,3 13 0,4 0,4 0,0 13 0,89
Status station 4 1 2 2 1 1 1 2
Status group Il 1
Average group Il & Il 4,3 0,2 12 0,7 0,2 0,2 0,0 1,2 0,78
Status station 4 1 2 1 1 1 1 2
Status group 11 & Ill 1
pH/Eh
Corr.sum SIS
Index
Average
<11 1
1,1-<2,1 2
2,1-<3,1 3
23,1 4 Status site:
Grab ID
K-22
pH/EhID . )
YSI-professional plus page 2 of 4 pages
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Sample scheme B.2
Company: Arnarlax Date: 25.03 2021
Site: Laugardalur Site no.: 0
Fieldworker: Snorri Gunnarsson
Sample number 1 2 3 4 5 6 7 8 9 10
Depth (m)
Number of trials 1 1 1 2 1 1 1 1 1 1
(CEw bulbibites ([ eampley No No No No No No No No No No
Clay X X X X X X X X X X
Silt
Sediment type sand X X X X X
Gravel
Shellsand
Reef
Rocky bottom (cobbles, boulders)
Echinodermata, count
Crustaceans, count
Molluscs, count
Polychaetes, count >50 >100 3 >100 >100 >100 >50 >40 >50 2
Other animals, count
Beggiatoa
Feed
Faeces Yes
Comments
Grab Area [m3 | 0,025 Grab ID K-22
page 3 of 4 pages
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Sample scheme B.2
Company: Arnarlax Date: 25.03 2021
Site: Laugardalur Site no.: 0
Fieldworker: Snorri Gunnarsson

Sample number 11 12 13 14 15 16 17 18 19 20
Depth (m)
Number of trials 1 1 1 1 1 1 3 1
Gas bubbles (in sample) Yes No No No No No No

Clay X X X X X X X

Silt

Sediment type sand X X X X X X

Gravel

Shellsand
Reef
Rocky bottom (cobbles, boulders)
Echinodermata, count
Crustaceans, count
Molluscs, count
Polychaetes, count >50 >50 >10 >5 7 >10
Other animals, count
Beggiatoa
Feed
Faeces
Comments
Grab Area [m] | 0,025 Grab ID K-22
Signature fieldworker: P 2

;;'??;'?W-;}énrwﬂvx,'— page 4 of 4 pages
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7.2 Pictures of samples at Laugardalur

St1l

St2

St3

St4
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St5

St6

St7

St8

St9
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St10

St11

St12

St13

St 14
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St15

St 16

St17

St18
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7.3 Bottom topography and 3D view
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Figure 3. Showing bottom topography 3D at Laugardalur with placement of the 18 sampling stations
see also info in figure 2 and Table 4.
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