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DNV
1 SAMMENDRAG

Pa vegne av MariCulture AS har DNV gjennomfgart visuell kartlegging av havbunnen, for innsamling av grunnlagsdata ved
planlagt lokalitet for offshore oppdrettsanlegg, Smart Fish Farm. Anlegget er en fullskala videreutvikling fra prototypen
«Ocean Farm 1» og er planlagt plassert i Norskehavet, 124 kilometer nordvest for Kristiansund.

Undersgkelsene ble gjennomfart av DNV i slutten av oktober med ROV, fra skipet Island Valiant, hvor sjgbunn og fauna
ble filmet og registrert langs planlagte ankerlinjer og senterlokasjon. Totalt ble de flayet 20 km langs sjgbunnen og over
25 timer med video samt 656 stillbilder ble tatt.

Havbunnen ved lokasjonen var homogen, flat og ensformet og bestod til mesteparten av sand/mudderbunn med noen fa
omrader med innslag av pukk og grus. Registreringer er vist i Figur 1. Dypet pa lokasjonen var slakt skranende og gikk
fra omtrent 325 m i gst til 367 m i vest. Ved senterlokasjonen var det rundt 352 meters dybde.

Observert bentisk megafauna var dominert av suspensjons-etere som sjgpglser, anemoner og sjgfjeer, samt gravende
krepsdyr og krakeboller. Det ble ikke observert noen habitater som er klassifisert som sarbare av OSPAR eller Norsk
rgdliste for naturtyper. Det ble heller ikke observert noen arter som er vurdert som truet eller naer truet pa Norsk rgdliste
for arter (Tabell 1).
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Figur 1. Kart over registreringer langs sjgbunnen, planlagt lokasjon for Smart Fish Farm.

Tabell 1. Sammenstilling av observerte sarbare arter og habitattyper.
Habitattype Tilstedevaerelse

Karbonatskorpe
Svampsamfunn
Kalde eller varme kilder

Koraller/Desmophyllum pertusum rev

Seamounts

Sjofjeer og gravenede megafauna
Koralilskog

Glass svamper (Hexactinellida)
Umbellula

Gyteomrader (tobis, etc.)
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DNV
2 INTRODUKSJON

Pa vegne av MariCulture AS har DNV gjennomfgrt visuell kartlegging av havbunnen, for innsamling av grunnlagsdata ved
planlagt lokalitet for offshore oppdrettsanlegg, Smart Fish Farm. Undersgkelsene ble utfgrt i kombinasjon med
sedimentprgvetaking og utsetting av streammalere for innsamling av stremdata (separate rapporter, DNV in prep.), i
henhold til krav fra Miljgdirektoratet.

2.1 Anlegget

MariCulture sin havfarm «Smart Fish Farm», er en fullskala videreutvikling fra prototypen «Ocean Farm 1». Havmerden
vil bli ca. 70 meter hgy, og med en diameter pa ca. 160 meter (Figur 2). MariCulture er tildelt 8 utviklingstillatelser fra
fiskeridirektoratet til & produsere til sammen 6240 tonn. Installasjonen fortayes med 8 ankere som strekker seg uti 2,5

km radius fra senterlokasjonen.

Figur 2. Smart Fish Farm (lllustrasjon: MariCulture)

2.2 Lokasjon

Havmerden er planlagt plassert i utvinningstillatelsen

[ | Olje- og gassfelt

for utvinning av petroleumsforekomster, PL586 i -

Norskehavet. Norskehavet er kjent for hay tilvaerelse Reredning
av kaldtvannskoraller, som Desmophyllum pertusum
(tidligre Lophelia pertusa)-rev og koralhager (f.eks.
Paragorgia arborea). Naermeste vernede korallrev er
Sularevet (54 km gst) og Storneset (48 km sydvest).
Neermeste olje og gass installasjoner er er Fenja (10
km @st), Draugen (21 km nordvest) og Njord (39 km
nordgst). Naermeste land er gyen Sula (95 km gst) og
naermeste by er Kristiansund (124km sorgst).
Plassering av anlegget er vist i Figur 3.

Figur 3. Beliggenhet for planlagt Smart Fish Farm og plassering i
Norskehavet.
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3 METODIKK

Det finnes i dag ikke noen standardisert

metodikk  for  visuell kartlegging av
akvakulturanlegg til havs, men
Havforskningsinstituttet har nylig levert et

metodeforslag for kartlegging av korall og

svamp ved nye akvakulturanlegg il
Fiskeridirektoratet (HI, 2020). DNV opererer
ved undersgkelser tilknyttet petroleums-
virksomhet normalt i henhold til Norsk standard

for visuelle bunnundersgkelser, NS-EN
16260:2012 (Standard Norge, 2012), NOROGs
handbok for kartlegging av sarbare naturtyper
(NOROG, 2019), Miljgdirektoratets
retningslinjer for miljgovervaking av
petroleumsvirksomheten til havs, M-300.

samt

Metodikken brukt i petroleumsvirksomheten er i
store trekk i trdd med Havforskningens forslag
og evaluert som godt egnet for den visuelle
undersgkelsen ved den planlagte lokasjonen for
Smart Fish Farm.

3.1 Omfang
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Figur 4. Eksempel, kart med kartleggingslinjer.
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Omfanget av den visuelle miljgundersgkelsen var & lokalisere, identifisere, undersgke og evaluere mulige,
tilstedeveerende sensitive habitater og radlistearter som kan bli forstyrret av det planlagte anlegget (Tabell 2). Dette ble
gjort ved a filme langs de 8 planlagte ankerlinjene samt senterlokasjonen med en utvidet undersgkelse, i den antatt
dominerende streamretningen, som beskrevet i program (vedlegg D) og vist i Figur 4.

Tabell 2. Vernede habitattyper med potensiell tilstedeveerelse pa den planlagte lokasjonen for Smart Fish Farm.
Habitat type

(2008)

OSPAR Havmiljg
(havmiljo.no and

Buhl-Mortensen,

2011)

Karbonatskorpe
Svampsamfunn

Kalde og varme kilder
Koraller/Desmophyllum
pertusum rev
Seamounts

Sjofjeer og gravenede
megafauna

Korallhager

Glass svamper
(Hexactinellida)
Umbellula
Gyteomrader (tobis, etc.)

X XX XXX X

DNV — Rapportnr. 2021-4041, Rev. 0 — www.dnv.com

x

X XX X

M-300
(Mdir,
2015)
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3.2 Fartay, personell og utstyr

De visuelle undersgkelsene ble utfert fra ankerleggingsfartayet «M/S Christina E» i forbindelse med utsettelse av
stremmalere og sediment prgvetaking (Figur 5). Undersgkelsen ble gjennomfert i perioden 9. til 14. april 2021 og er
videre beskrevet i toktrapport (DNV, 2021).

Figur 5. Fartgy brukt under undersgkelsen, «M/S Christina E» (fra www.erviksaevik.no/)

For visuell kartlegging av bunnforholdene langs planlagte ankerlinjer, ble DNV sin ROV, «Chimaera» benyttet (Figur 6).
Beskrivelse og spesifikasjoner pa ROV er gitt i Vedlegg C. ROV var utstyrt med videokamera (fremover og nedover) og
hayopplgselig stillbildekamera med blitz. ROV var i tillegg utstyrt med en fremoverrettet sonar som detekterer gjenstander
pa sjgbunn, ut til 50 m til hver side. En transponder som kommuniserte med batens Hipap transducer system var montert
pa ROV. Dette sikret en posisjonsngyaktighet pa <3 m +/- 5 %. Oppsett og registrering av posisjonsdata ble av utfgrt av
Fugro og lagret i en navigasjonslogg samt videre beskrevet i egen posisjoneringsrapport (Vedlegg E). ROV-operasjoner,
observasjoner og logging av disse ble utfgrt i en spesialinnredet container som er tilrettelagt for dette (Figur 7).

Figur 7. ROV brukt under toktet, en Sperre Figur 6. Oppsett i ROV-container, med en pilot
SUB fighter 15k og en logger
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3.2.1 Datalogging

Et elektronisk registreringsskjema (videologg) ble brukt for hvert ROV-dykk. Loggen inkluderer dato, tid, type havbunn,
substrat, megafauna og eventuelle spesielle observasjoner (f.eks sgppel, fisk osv). Parallelt ble ROV-posisjonen registrert
hvert sekund i en navigasjonslogg. Ved & sld sammen disse to loggene ble alle registreringer fra videomaterialet gitt en
koordinat som ble benyttet i ArcGIS. Stillbildekamera ble synkronisert p4 samme tid med navigasjonsloggene slik at alle
bildene ble georefererte. Dypet pa lokasjonen er beregnet ut ifra ROVens posisjon i forhold til overflaten samt hgyde fra
sjgbunn (1,5m).

3.2.2 Sjsbunnsregistreringer

En modifisert Udden-Wenthworth skala (i henhold til NS-EN16260:2012) ble brukt i den kontinuerlige kategorisering av
substratet langs sjgbunnen (Tabell 3). Substratkategorisering ble gjort i henhold til kategoriene "Kartlegging/Trend" i Tabell
3, bortsett fra mudder og sand som ble gruppert sammen i én kategori, da kornstgrrelser mindre enn 0,5 cm kan veere
vanskelig & kategorisere fra video.

| omrader som besto av ulike underlag ble den groveste fraksjonen registrert, mens vurderinger av andel fra hver kategori
ble ikke gjort.

Alle observerte bentiske megafauna-arter (>1cm) og naturtyper ble registrert. | tillegg til artsregistrering ved gjennomgang
av videomaterialet, er artslistene basert pa identifikasjon fra stillbilder. Relative mengder av hver art ble gitt i
semikvantitative kategorier i henhold ti MNCR SACFOR tallrikhetsskala (Tabell 4). | tilfeller der faunaen ikke kunne
identifiseres til art, ble identifikasjon gjort pa hayere taksonomiske nivaer.

Videoregistrering av svamp ble fgrst kategorisert i to grupper; "blatbunnssvamp” og "hardbunnssvamp" (Figur 8) og videre
delt i semikvantitative tetthetskategorier (Figur 9).

Tabell 3 Sediment-karakterisering i henhold til Udden-Wenthenworth skalaen, samt kategorier brukt under de visuelle
undersgkelsene (ref. NS-EN16260

Udden-Wenthworth scale Type of survey and main category
Grain size Bottom substrate Screening Mapping/trend

0,6 pm - 3,9 pm Leire Mud/sand Mud
3,9 um - 63 pm Silt
0,063 mm - 2 mm Sand Sand
2 mm -4 mm Granulat
4 mm - 64 mm Grus Boulder Gravel
6,4 cm - 25,6 cm Pukk Pebbles
25,6 cm - 410 cm Blokker Boulder
>4m Berggrunn Bedrock Bedrock
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Tabell 4. SCFOR-skalaen brukt til & registrere relative mengder arter. Fra JNCC (http://jncc.defra.gov.uk)

% cover Growth form Size of individuals/colonies Bority seala
scale | Crust/meadow | Massive/Turf <icm | 1-3cm | 3-15cm | >15¢cm -
>1/0.001 m? >10,000/
>80% = = (1x1 cm) m?
40-79% A s A s 19/0.001mz 19009999
., 1-9/0.01m?  100-999 /
20-39% c A c A s (toxioem | me
10-19% F c F c A S  19/01m? 10-99 / m?
5-9% 0 F o F c A 19/m?
1-5% or 1-9/10m?
density R o R o F C  (316x3.16m)
<1% or 1-9/100 m?
density R R 0 ' (10x10m)
1-9/1000 m?
R O  (31.6x31.6m)
<1/1000 m?
S A = F [0} R P

super-abundant abundant common frequent occasional rare present

Blgtbunnssvamp Hardbunnssvamp

Figur 8. Hovedkategorisering av svampsamfunn under visuelle undersgkelser.
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Hey >~10%
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Figur 9. Eksempelbilder pa de ulike tetthetskategoriene med dekningsgrad (%)
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4 RESULTATER

Totalt ble det flayet ca. 20,3 km fordelt pa 1 dykk og det ble produsert ~25 timer med opptak langs havbunnen (detaljer
er vist i Tabell 5 og Figur 10). Det ble totalt tatt 656 stillbilder. Undersakelse av naerliggende Asgard Transport rargate ble
utfert. Plassering stemmer relativt godt med opplysninger fra OD, men det var mindre avvik (se avsnitt 4.3).
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Figur 10. Planlagte linjer i gult og reell kartlegging i blatt.

Tabell 5. Tider og lengder for de utfarte undersokelseslinjene.

Transekt Start (dd.mm.adaa Stopp Tidsforbruk Lengde (m)

hh:mm:SS) (dd.mm.aaaa (hh:mm:ss)
hh:mm:ss)

Ankerlinje 7, senter | 10.04.2021 11.04.2021 04:48:07

og ankerlinje 3 21:54 02:42

Rergate 11.04.2021 11.04.2021 01:37:12 1800
02:46 04:24

Ankerlinje 4 & 8 11.04.2021 11.04.2021 06:06:03 5450
04:28 10:34

Ankerlinje 1 & 5 11.04.2021 11.04.2021 09:01:53 5450
10:44 19:46

Ankerlinje 6 & 2 11.04.2021 11.04.2021 03:47:12 4000
19:48 23:35

Totalt | 25:20:27 20 300
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4.1 Bunnforhold

Havbunnen ved lokasjonen var homogen, flat og ensformet. Dypet pa lokasjonen var slakt skranende og gikk fra omtrent
325 m i est til 367m i vest. Ved senterlokasjonen var det rundt 352 meters dybde (Figur 11 og Figur 12).
Gjennomsnittsdypet fra ROV loggingene var 348 meter. Sedimentet bestod nesten utelukkende av mudder og sand (99,9 %
av registreringene) med noen fa innslag av steinblokker. Spor av menneskelig aktivitet ble observert i form av 5
registreringer av s@ppel og ett tralspor. Det indikerer at omradet er lite utsatt for bunntraling, til sammenligning ble det fra
62 undersgkelser i Barentshavet, mellom 2006-2014 i gjennomsnitt observert 1,5 tralspor per 100m (DNV GL, 2017).
Sammenstilling av registreringer er presentert i Tabell 6 og eksempelbilder er vist i Figur 13 og Figur 14.
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Figur 11 Registrert dybde (malt fra ROV) péa planlagt lokasjon for Smart Fish Farm.
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Dybde histogram
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Figur 12 Histogram over registrerte dybdemalinger pé lokasjonen (malt fra ROV).
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Tabell 6. Registrerte bunnforhold
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Figur 13 Dominerende bunnforhold péa lokasjonen
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Figur 14 Starre spor etter gravende fauna ble registrert ved enkelte tilfeller

4.2 Fauna

Tabell 7 og Figur 15 viser registreringene langs sjgbunn, etterfglgt av ett utvalg av bilder fra lokasjonen (Figur 16 - Figur
21). Komplett artsliste er vist i Vedlegg A og referanseliste er presentert i Vedlegg B.

Observert bentisk megafauna var dominert av suspensjons-etere som sjgpglser, anemoner og sjafjeer, samt gravende
krepsdyr og krakeboller.

Svampdyr var tilstedeveerende, farst og fremst tilknyttet de f& omréder som hadde innslag avhardere substrat. Grunnet
de sveert lave mengdene og artssammensetting er de ikke klassifisert som vernet habitat.

Sjofjeer og gravende megafauna ble observert med enkelte spredte forekomster over feltet (arten Funiculina
quadrangularis som enkeltindivider), man aldri i haye tettheter som kan klassifiseres som vernet OSPAR habitat. Totalt
ble det registrert 15 antall arter av virvellgse dyr. Det ble ikke observert noen rgdlistede arter som koraller. Det ble heller
ikke detektert noen starre objekter ved hjelp av sonaren, hvilket ytterligere viser pé feltets homogenitet.

Fisk ble observert i varierende mengde. Til tider var det store mengder sei, Pollachius virens, som jaktet i lyset foran
ROVen og ragrte opp sjgbunnen, noe som skapte periodevis darlig sikt.

Tabell 7. Registrert fauna langs de undersgkte linjene (begrenset til potentielt sérbare fauna typer og habitater,
beskrevet i NOROG, 2019
Registrert fauna Antall registreringer Dekningsgrad % ‘

Ingen fauna 92536 99,983
Sjofjaer- enkeltindivid 9 0,010
Gravende megafauna - spredt 2 0,002
Blgtbunnssvamp - enkeltindivid 2 0,002
Hardbunnssvamp - spredt 3 0,003
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Figur 15. Kart over registreringer langs sjgbunnen ved lokasjon for Smart Fish Farm.
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Figur 17 Blgtbunnssvamp - Geodia
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Figur 18 Dominerende pigghuder i undersgkelsen V: Redpglse (Parastichopus tremulus), H: Sjepinnsvinkonge (Cidaris
cidaris)

4.3 Undersgkelse av rgrgate ved anker 3 og 4

Anker 3 og 4 ligger henholdsvis 170 og 130 meter unna Asgard transport rargate. Rgrgaten ble filmet mens ROV
forflyttet seg mellom anker 3 og 4 (over et strekk pa ~1,45 km). Det er mindre avvik fra plassering oppgitt av OD: 9
meter ved anker 3 (vestover) og 15 meter ved anker 4 (gstover). Eksempelbilde er gitt i Figur 19. Kart med detaljer er
gitt i Figur 20.

Figur 19 Rargaten Asgard transport som ligger vest for anker 3 og 4
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5 KONKLUSJONER

e Den visuelle undersgkelsen ble utfart uten problemer langs de planlagte ankertraseene og senterlokasjonen.
Totalt ble de flayet omtrent 20 km langs sjgbunnen og over 25 timer med video samt 656 stillbilder ble tatt.

e  Sjgbunnen bestod til mesteparten av homogen sand/mudderbunn med noen fa omrader med innslag av pukk og
grus.

e Dypet pa lokasjonen var slakt skranende og gikk fra omtrent 325 m i gst til 367 m i vest. Ved senterlokasjonen
var det rundt 352 meters dybde.

e Bentisk megafauna var dominert av suspensjons-etere som sjgpglser, anemoner og sjgafjeer, samt predatoriske
krakeboller og gravende krepsdyr.

¢ Detble ikke observert noen habitater som er klassifisert som sarbare av OSPAR eller Norsk rgdliste for naturtyper.
Det ble heller ikke observert noen arter som er vurdert som truet eller naer truet pa Norsk rgdliste for arter (Tabell
8).

Tabell 8. Sammenstilling av observerte sarbare arter og habitattyper registrert pa planlagt lokasjon for Smart Fish Farm.

Habitattype Tilstedevaerelse
Karbonatskorpe Ikke observert
Svampsamfunn Ikke observert
Kalde eller varme kilder Ikke observert
Koraller/Desmophyllum pertusum rev Ikke observert
Seamounts Ikke observert
Sjofjeer og gravenede megafauna Ikke observert
Korallskog Ikke observert
Glass svamper (Hexactinellida) Ikke observert
Umbellula Ikke observert
Gyteomrader (tobis, etc.) Ikke observert
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VEDLEGG A - ARTSLISTE

Sacfor skalaen 1=Rare 2=0Occasional 3=Frequent 4=Common (5 =abundant, 6
superabundant ble ikke registrert

Tallrikhet

Aphrodita aculeata

Bonellia viridis

Branchiomma spp.

Chaetopterus variopedatus

Ditrupa arietina 4

Filograna implexa

Harmothoe indet.

Hydroides norvegicus

Nothria conchylega

Sabellidae, hvitt rer opp fra blgtbunn

Serpulidae indet, stor

Boreonymphon abyssorum

Crangonidae indet.

Hyas spp.

Lebbeus polaris

Lithodes maja

Munida spp.

Pagurus bernhardus

Pandalus spp.

Paralithodes camtschaticus

Pycnogonida spp.

Spirontocaris spp.

Macandrevia cranium

Novocrania anomala

Bryozoa hvit treforgrenet

Bryozoa indet.

Dendrobeania spp.

Reteporella beaniana

Ammodytes spp.

Anarhichas minor

Brosme brosme

Chimaera monstrosa
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Cottunculus microps
Eutrigla gurnardus

Gadus morhua
Hippoglossus hippoglossus
Lophius piscatorius
Lumpenus lampretaeformis
Lycodes esmarkii

Mallotus villosus
Melanogrammus aeglefinus
Merlangius merlangus
Molva molva
Pleuronectiformes indet.
Pollachius virens

Raja clavata

Raja spp.

Reinhardtius hippoglossoides
Scorpaeniformes indet.
Sebastes spp.

Trisopterus minutus
Urophycis sp.

Cnidaria

Actiniaria indet. 1

Actiniaria indet. 2, red m hvit hard fot

Actinostola callosa

Anthozoa indet. 1, lang tynn stilk, krone

Bolocera tuediae
Caryophyllia smithii
Cerianthus spp.
Corymorpha sp.
Ectopleura larynx
Edwardsiidae

Funiculina quadrangularis
Gersemia spp.

Halcampa arctica
Halcampoides abyssorum
Hormathia nodosa/digitata
Kophobelemnon stelliferum
Liponema multicorne
Lophelia pertusa
Lucernaria bathyphila
Paragorgia arborea
Primnoa resedaeformis

Protanthea simplex
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Swiftia rosea
Tubularia spp.
Virgularia spp.
Echinodermata
Amphiura sp.

Antedon

Asteroidea sp. 1
Asteroidea sp. 2 - lilla
Asteroidea sp. 3
Asteroidea sp. 5
Astropecten spp.
Ceramaster granularis
Cidaris cidaris 2
Crinoidea indet.
Crossaster papposus
Echinus spp.
Gracilechinus acutus
Henricia spp.
Hippasteria phrygiana
Holothuroidea indet.
Hymenaster pellucidus
Mesothuria intestinalis
Ophioscolex spp.
Ophiothrix fragilis
Ophiuroidea indet.
Parastichopus tremulus 2
Poraniomorpha spp.
Pseudarchaster parelii
Psolus phantapus
Solaster endeca
Stichastrella spp. 1
Urasterias lincki
Mollusca

Alloteuthis subulata
Axinulus sp.
Buccinum spp.
Chlamys spp.

Colus spp.
Delectopecten vitreus
Eledone cirrhosa
Gonatus fabricii
Neptunea despecta

Neptunea sp.
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Polyplacophora indet.

Rossia sp.

Nemertea

Porifera

Antho dichotoma

Aplysilla sulfurea

Asbestopluma pennatula

Asconema

Axinella infundibuliformis

Axinella rugosa

Chondrocladia gigantea

Geodia barretti

Geodia macandrewi

Geodia spp.

Hymedesmia spp.

Mycale lingua

Mycale sp.

Petrosia crassa

Phakellia sp. grisegre

Phakellia ventilabrum

Polymastia spp.

Porifera brun skorpedannende

Porifera indet. 01 gul stor hjernestruktur
Porifera indet. 02 - bilde

Porifera indet. 03 Urneformet ribbemonster
Porifera indet. 04 Hvit eggformet skjor
Porifera indet. 05 Hvit Flat kraftig bueformet
Porifera indet. 06 Hvitbla-belegg, reflekterende
Porifera indet. 07 Hvit kulesvamp m pigger
Porifera indet. 08 Hvit grenet svamp, liten
Porifera indet. 09 Hexactinellidae indet, brunlig, orgelpipe
Porifera indet. 10 Hvit kulesvamp

Porifera indet. 11 Soppformet svamp, m pigg
Stryphnus ponderosus

Stylocordyla borealis

Tethya spp.

Tetilla spp.

Thenea

Tunicata

Ascidiacea indet.

Didemnum

Kukenthalia borealis
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VEDLEGG B - FAUNA - REFERANSESAMLING

Porifera

Geodia spp. dekket av
Aplysilla sulphurea

indet

Geodia barretti h-' nélid

A& N
Hymedesmia sp
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Crustacea

iy

Pycnogonida

Neptunea antiqua N Cf ossia
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Echinodermata

Urasterias lincki
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Asteroidea sp. 1

S

~

Asteroidea sp 4

AstérOIdea sp 5
L ™

- Mesothuria /ntest/nalls
Henricia sp Oph/urOIdae sp

Chordata

Antedon sp.
& Molva molva
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' Mefandgrammus aeglefinus

Gadus morhda

Lophius piscatorius

¥

bl P

Mallotus villosus ‘_ Anarhicas minor
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Pleuronectiformes indet
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VEDLEGG C - ROV SPESIFIKASJONER
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PRODUCT SPECIFICATIONS

SUB-fighter 15k

ROV TECHNOLOGY

e ROV designed for tough conditions

S =

ot
| © SUB-fighter 15k

e Reliable and well proven design

e Quick and easy mobilization

e Very good stability

e  Plenty of power

e Interface for standard tools

e Quality at an affordable price

®  Require a minimum of maintenance

Vehicle LWH 162 x 90 x 96 cm

Frame Anodized aluminum

Housings 3 x 1 ata.

Weight in air 550 kg approx.

Payload 20 kg approx.

Max depth 700 m.

Buoyancy Solid cell structure

Power input, TBA 230 /400 / 440 / 690 VAC, 3 phase 15 kW

Thrusters 7 thrusters, Horizontal 5 x 2000W, Vertical 2 x 2000 W,

S Horizontal 3,5 knot, Vertical 1.9 knot
Lateral 1,8 knot, Turn 60 deg/sec

Pan /Tilt Pan 45 degrees, Tilt 90 degrees

Camera interfaces 4 off, 2-3 x simultaneous video channels

Camera 1, standard

Camera 2, option
Camera 3, option

Light interfaces

Lights, standard

Low light color camera, PAL 540 TV lines 0,05 lux

Low light black and white, PAL 570 TV lines 0,0001 lux.

Zoom camera, Colour CCD, HD block, PAL, 510 TV lines,
1,5 lux, 18 x optical 4 x digital zoom

6 off, total 1500 W

2 x ROS Q-LED 111, 3500lux (500 W halogen equivalent)

Sperre AS - Merdeveien 2F - 3676 Notodden, NORWAY

Email:wh@sperre-as.com o
Phone: +47 35 02 50 00

Web: http://www.sperre-as.com




Phone: +47 35 02 50 00
Web: http://www.sperre-as.com

PRODUCT SPECIFICATIONS

SUB-fighter 15k

Sensors

Auto functions

Multiplexer fiber, telemetry

Survey channels and interfaces, TBA

OPTIONAL EQUIPMENT

Manipulator

HD camera
Cable cutter

Manipulator hydraulic 5 function
Interface for Innovatum / TSS 440
Survey channels

Survey channels

Ethernet interface

Power Interface

Sonar

Sperre AS - Merdeveien 2F - 3676 Notodden, NORWAY
Email:wh@sperre-as.com

ROV TECHNOLOGY

300 bar depth sensor
Fluxgate compass
Moist sensors

Auto depth, Auto heading, Auto altitude (option)

Focal 907 standard fiber optical multiplexer

3 x 8 bit or 2 x 10 bit video channels, 6 x RS 232/485
Optional: HD-video, Ethernet, USB link, others

Sonar, 1 x RS 485, 24 VDC (standard)

Transponder power 24 V DC (standard)

Video, 4 off (standard)

Lights, 6 off ( standard)

Actuator, 2 off (standard)

Survey channels, 1 x RS 232, 1 X RS 485, 24 V (standard)
Thruster or AC tool (option)

Electric grabber and rope cutter

Zoom camera, HD block, PAL, 1080 TV lines, 1,5 lux, 18 x
optical 4 x digital zoom

Cutter for 19 mm. steel rope, complete with HPU and
valve pack

EH 5 manipulator, valve pack, HPU, hoses and fittings,
additional buoyancy, control box, valve control card

RS232 (220 VAC @ 2 A, 24 VDC @ 1 A)
2 xRS 232,24V 3 A (total)

2 x RS 485, 24 V/ 3 A (total)

1 x 1000 Mbit/s, add-on card for Mux 907 (907 GBE):
data & power on connector (24 VDC @ 5 A) - MCBH12F

380V 50 Hz. Standard. Additional 440 and 690 V 50 Hz.

Kongsberg Simrad MS 1000, 330 kHz, scanning sonar

- ENet— (@&




PRODUCT SPECIFICATIONS

MOBILE ROV CONTROL SYSTEM

SUB-fighter 15k

MOBILE ROV CONTROL SYSTEM

Space requirement, Lx W x H

150 x 150 x 220 cm

Video monitor

Data monitor

Key pad and roller ball in drawer

PC with DVD and HDD video recorder
Overlay and video software

Software for MS 1000 sonar

Fiber multiplexer

Connections for fiber, data and video

Lx W xH, 60x54x64cm

Weight. 50 - 72 kg. depending on
model

Power input 2 kW, 230 VAC 50 Hz, other voltage options

Main units Rack and monitors, pilot console, power
control

RACK

Aluminum splash proof cabinet 19’,

12U

REMOTE PILOT CONTROL

Glass fiber cabinet

Two XYZ joysticks for thruster control

Switches an push buttons for all
functions and equipment on ROV
Prepared for control of extra
equipment and tooling

15 meter flexible rugged cable to rack

Sperre AS - Merdeveien 2F - 3676 Notodden, NORWAY
Email:wh@sperre-as.com

Phone: +47 35 02 50 00

Web: http://www.sperre-as.com

ROV TECHNOLOGY
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PRODUCT SPECIFICATIONS

SUB-fighter 15k OFFSHORE
ROV TECHNOLOGY

Lx W xH, 43x21x20(40)cm
Weight, 4 kg

POWER CONTROL AND TRANSFORMER
STEEL CABINET for power control,
Ref. No. 3

Power input standard, 230/380 VAC
50 HZ. 3 phase.

Output line voltage from transformer,
2500 VAC

Fuses and Megacon online ground
fault system

Connections for umbilical, power in
and rack

LxWxH, 60x30x80cm

Weight 30 kg.
TRANSFORMER Ref. No. 6
Steel cabinet IP 23

LxWxH, 48 x45x59cm

Weight, approx 148 kg. 20 kVA.

Sperre AS - Merdeveien 2F - 3676 Notodden, NORWAY

Email:wh@sperre-as.com — b — adu
Phone: +47 35 02 50 00 E'-. 24 N et ® Q
Web: http://www.sperre-as.com gy bt
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Memo to: Memo No: 1119522
Arvid Hammernes (SalMar) From: Kjersti Myhre, @yvind Fjukmoen, Lars
Ulvestad
Date: 2021-04-09
Copied to: Prep. By: Kjersti Myhre

Tormod Glette (DNV), Christina E bro, Fugro

Program miljoovervaking Smart Fish Farm, grunnlagsdata,
april 2021

Oppsummering

DNV GL AS har pa vegne av SalMar utarbeidet et program for sedimentundersakelser (utvidet C-undersgkelse), visuell
kartlegging av havbunnen og innsamling av strgmdata i forbindelse med planlagt offshore anlegg Smart Fish Farm i
Norskehavet. Bakgrunn og forslag for utfgrelse er presentert i dette dokumentet.

| oktober 2020, ble det gjennomfgart grunnlagsundersgkelser pa en lokasjon, omtrent 10 km sgr gst for na gjeldende
lokasjon. Dette programmet er tilsvarende det gamle, med noen justeringer (DNVGL, 2020 & 2021).

Bakgrunn

Mariculture sgker om et anlegg med en MTB p& 19 000 tonn. Dimensjoner pa anlegget er 160 meter i diameter og 70
meter hayt (Figur 1). Det er dimensjonert til & kunne ha 3 millioner laks i slaktestarrelse.

Modelleringer av spredning av partikler og nzeringsstoffer er utfgrt av SINTEF (2019) for lokaliteten som ble undersakt i
2020.Denne lokaliteten ligger omtrent 10 km lenger s@r enn lokaliteten som na skal undersgkes. Hovedfunnene av denne
studien er presentert i Figur 2. Modellen viser at det kan forventes gst sergstlige strammer bade i bunnvannet og
overflatevannet. Nedslamming >3 mm kan forventes ut til ca. 300-700 meter avhengig av dominerende streamforhold under
produksjon.

I henhold til krav fra Miljadirektoratet skal det utfgres grunnlagsundersgkelser for trendovervaking av bunnforholdene ved
planlagt anlegg, samt kartlegging av ragdlistede eller OSPAR klassifiserte arter eller habitater i ankerlinjer eller
nedslagsomrade for partikler.

Wl | Marine koratverneomebae

‘Smart Fish Farm®.* * |

3
{

Figur 1 Kart som viser planlagt anlegg Smart Fish Farm og plassering i Norskehavet (gul markering nye lokasjonen,
grenn den gamle).

DNV Headquarters, Veritasveien 1, P.O.Box 300, 1322 Hgvik, Norway. Tel: +47 67 57 99 00. www.dnv.com
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Figur 2 Modellerte stremdata (overflate — venstre og bunn - hgyre) og sedimenttykkelse ved slutten av modellerte perioder
(henholdsvis stremdata arene 2010-2011- venstre og 2015-2016 — hgyre). Rutenett sedimentmodell er 200 m. SINTEF
2020. Modelleringen er gjort for stasjonen som ble undersgkt i 2020.
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Programforslag

I henhold til avtale med Miljgdirektoratet skal det utfgres skal det utfgres C-undersgkelse som folger prinsipper bade i
M300 og NS9410. Grunnet stgrrelsen pa anlegget og plasseringen er omfanget av undersgkelsen utvidet i forhold til
NS9420, og omfatter visuell kartlegging av havbunnen langs ankerlinjer samt omradet nedstrems. Det vil ogsa samles
inn stremdata fra planlagt lokasjon for Smart Fish Farm (SFF) samt i alternative omrader for havbruk. Detaljer vedrgrende
planlagte aktiviteter er presentert under.

C-undersgkelse (utvidet)

17 stasjoner skal pravetas, av disse vil det veere én referansestasjon. Det skal pragvetas 5 stk biologi (blgtbunn) grabber
per stasjon. | tillegg samles det inn praver for kjiemi og kornstarrelse. Det tas praver av sediment for pH/eH-malinger av
porevann i sedimentet som vil bli malt pa laboratorium i ettertid. Disse pravene oppbevares kjglig og merkt. Det skal ogsa
tas 2 CTD kast, SFF-1 og SFF-9. Detaljer for planlagt C-undersgkelse er presentert i Tabell 1. Kart over stasjoner er gitt
i Figur 3.

Blgtbunnspragvene siktes gjennom 1 mm sikt og oppbevares pa formalin far sortering og analyse. Sediment til
kjemianalyser og kornanalyser fryses.

Tabell 1 Planlagte stasjoner og prgvetaking C-undersgkelse. Posisjoner angitt i WGS 84.

Stasjon Retning  Avstand UTM 32N Desimalgrader Bi Kjemi* Korn pH
Pst Nord Lat Long o (0-1cm) (0-5cm) Sediment
SFF-1 0 150 370666 7108008 64,074496  6,348145 2 1 1 1
SFF-2 0 300 370666 7108158 64,075841  6,348017 2 1 1 1
SFF-3 0 600 370666 7108458  64,07853  6,347761 2 1 1 1
SFF-4 0 1200 370666 7109058 64,083909  6,347249 2 1 1 1
SFF-Ref 0 3200 370666 7111058 64,101837  6,345541 2 1 1 1
SFF-5 90 150 370816 7107858 64,073208  6,351345 2 1 1 1
SFF-6 90 300 370966 7107858 64,073263  6,354416 2 1 1 1
SFF-7 90 600 371266 7107858 64,073375  6,360559 2 1 1 1
SFF-8 90 1200 371866 7107858 64,073598  6,372845 2 1 1 1
SFF-9 180 150 370666 7107708 64,071807  6,348401 2 1 1 1
SFF-10 180 300 370666 7107558 64,070462  6,348529 2 1 1 1
SFF-11 180 600 370666 7107258 64,067773  6,348785 2 1 1 1
SFF-12 180 1200 370666 7106658 64,062394 6,349296 2 1 1 1
SFF-13 270 150 370516 7107858 64,073096  6,345202 2 1 1 1
SFF-14 270 300 370366 7107858  64,073039 6,34213 2 1 1 1
SFF-15 270 600 370066 7107858 64,072927  6,335987 2 1 1 1
SFF-16 270 1200 369466 7107858 64,072701 6,323702 2 1 1 1
* TOC,TOM,TN,Cu
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Figur 3 Kart som viser sedimentstasjoner, C-undersgkelse Smart Fish Farm, ny lokasjon.

Nedslagsomrade for kjetting (1900 meter) samt omrade nedstrgms planlagt anlegg skal visuelt kartlegges. 1 tillegg skal

avstand til Asgard Transportrarledning kartlegges. Forslag til kartleggingsmanster er presentert i Figur 4.

Kartleggingen skal gjennomfgres i henhold til NS EN 16260 (Standard Norge, 2012). Undersgkelsen skal saerlig fokusere
pa a avdekke om det finnes koraller eller andre rgdlistede/OSPAR habitater. Det ma& brukes ROV som har

undervannsnavigasjon og sonar samt opptak av video og stillbilder. Foreslatt kartleggingsomfang er presentert i Figur 4.
Kartlegging av funn av arter eller habitater langs transektene loggferes i henhold til kategorier som brukti NOROG (2019),

dette da den er den mest oppdaterte og detaljerte hva angar visuell kartlegging av bunndyrshabitater. Det lages en artsliste

o0g mengdeangivelse av de ulike arter.
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Etter undersgkelsen utarbeides en rapport som oppsummerer arbeidet med kart med funn. Eventuelle funn gjgres

tilgjengelig med posisjoner i tabeller eller som georefererte punkter i eks ArcGIS filer.
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Figur 4 Kart som viser forslag til kartleggingslinjer, visuell undersagkelse.
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Streammalere

| forbindelse med grunnlagsundersgkelser av farste lokasjon ble det satt ut 3 rigger med strammalere, Tabell 2. Disse ble
uten hell forsgkt tatt opp i midten av februar. Lokasjoner og frekvenser pa de akustiske «release» enhetene er vist i Tabell
3 under.

Tabell 2 Posisjoner for utsetting av stremrigger (format: WGS84, Desimal minutter).

Stasjons navn Lat Long Dyp

(m)
Rigg SFF 64° 02,950236 006° 32,933391 315
Rigg A 63°51,600034 006° 27,599992 225
Rigg B 64°21,600060 006° 34,199996 335

Tabell 3: Beskrivelse av strammalere med plassering (dyp) og maleintervall samt kode for release unit.

Rigg SFF dyp (m) id KHz Maleinterval Orientering/Kommentarer release
unit

topp 18m AD2CP101031 1000 15. min Oppover/18 m inkl belger

midt 105m AQP6453 400 15. min Oppover/60 m profil

bunn 312m CNL6141 190 15. min Oppover/150 m profil

faktisk dyp 315m 006-4

Rigg A dyp (m) id KHz Maleinterval Orientering/Kommentarer release
unit

topp 23m AQD8604 600/z-celle 15. min Oppover/23m profil

midt 105m AQP6460 400 15. min Oppover/60 m profil

bunn 222m CNL6064 190 15. min Oppover/150 m profil, bgr rekalibrere heading

faktisk dyp 225m 006-2

Rigg B dyp (m) id KHz Maleinterval Orientering/Kommentarer release
unit

topp 23m AQD8322 600/z-celle 15. min Oppover/23m profil

midt 105m AQP6227 400 15. min Oppover/60 m profil

bunn 332m AQP6063 400 15. min Oppover/60 m profil

faktisk dyp 335m 006-5

For opptak av strammalerne finnes det flere framgangsmater avhengig av situasjonen. Under er de beskrevet i prioritert
rekkefglge:

1. Prov a lokalisere riggene ved hjelp av fartayets ekkolodd og sett fix pa lokasjonen. Plassere fartgyet
oppstrems (ca 100m) og utlgs den akustiske enheten fra mob bat. Viktig & veere neermest mulig lokasjon for &
fa kontakt. Finn bgyen nar den kommer til overflaten og laft opp riggen pa skipet med tau og kran.

2. Huvis ikke riggene er synlig pa ekkoloddet og / eller om det akustiske release systemet ikke far kontakt, er neste
steg & prove og finne riggene med ROV. Aktiv bruk av sonar vil stgtte ROV.

3. Hovis riggene blir lokalisert med ROV/ekkolodd sa kan de berges med hjelp av «grappling». Alternativt kan nye
forsgk & fa kontakt med release systemet preves hvor rigg er funnet.

Etter, forhdpentligvis, vellykket opphenting av strammalerne, skal de settes ut igjen pa posisjoner vist i Tabell 4. Riggene
blir satt opp til & male stremprofiler i utvalgte dyp pa hver lokasjon (Figur 5).

Program miljgovervaking Smart Fish Farm
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Tabell 5 Forslag til posisjoner for utsetting av stremrigger (Format: WGS84)
Stasjon UTM 32N Desimalgrader
@st Nord Lat Long
Rigg SFF 380344 7104795 64,04917  6,54889
(gamle)
Rigg SFF 370666 7107858 64,07315  6,34827
NY
Rigg Nord 371242 7117811 64,16259  6,35159

1000KHz 30m

400 KHz 100m

\\\ ///300m

190 KHz : :
320m

Figur 5 Skisse av strem rigg pa lokasjon SFF for strammalinger samt bglge hayde og retning.

Oppsettet til riggene er forholdsvis like. De er rigget som «mooring line», dvs en tauline med oppdriftskuler pa midten (ca
200 m dyp) og pa topp av riggen (ca 20-30 meters vanndyp). Det er ingen overflatebgyer til riggene og minimum dyp er
satt til 18 meters vanndyp. Riggene er festet med vekt load (mooring) pa ca 150 kg i luft (ca 135 kg i sj@). Plassering av
stremmalere vil veere fglgende:

e Nedre: ca 5 m over bunn
e  Midtre: pa 105 m vanndyp
e  Topp: pa 20-30 m vanndyp

Riggene er utstyrt med akustisk utlgser (mellom mooring og nedre strammaler) for & enkelt kunne ta riggene opp etter 3
maneder. Utlgseren har en maks load pa er 130 kg.

For at batteriene skal holde i 3 maneder er strammalerne satt opp med malerintervall pa 15 min. Bglgehgyde og retning
har maleintervall hver 2. time.

Utsett av riggene gjares ved et sakalt «drop». Riggen legges uti sj@, hengende etter bat med feste i mooringen. Mooringen
er festet til kran med et slyngtau eller lignende. Bat beveger seg motstrgams mot drop-punkt slik at riggen ligger pa linje
med et godt strekk i sjg. Mooring utlgses ca 20-30 meter unna drop-punkt (medstrgms). Kontroll av plassering utfares
med ekkolodd og akustisk releasesystem.

Ved opptak brukes akustisk releasesystem, opptak av flytende rigg ved bruk av kran.

Det gjennomfgres et toolbox meeting / SJA for hver aksjon i samarbeid med bat crew for giennomgang av de ulike
operasjonene.

Program miljgovervaking Smart Fish Farm
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Executive Summary

Fugro positioned the Christina E during the ROV survey and
seabed sampling operations at Haltenbanken. Two current
rigs were retrived, and three were deployed. The project took
place from 9 to 14 April 2021.

Scope of Work

The scope of work comprised positioning the Christina E during the survey at Haltenbanken. DNV GL
was contracted by SalMar to perform a visual survey of the seabed and collect current-data from SFF
rigs. Seabed samples were to be collected around the planned location of the fish farm.

Methodology

Fugro positioned the Christina E using Fugro's Starfix high-performance positioning services. The
primary and secondary positioning solutions were Starfix.G2+ and Starfix.XP2, respectively. Fugro used
the StarPack GNSS Heading solution as the primary heading sensor; we also interfaced the HiPAP gyro
sensor into the navigation system. The vessel's USBL system was used for subsea positioning.

Summary of Operations
Fugro personnel arrived onboard the Christina E on 9 April 2021 in Fosnavag.

The vessel arrived at Haltenbanken on 10 April 2021. The vessel recovered two current rigs and
deplyed three, and performed an ROV survey before departing the location at midnight on
13 April 2021.

The Christina E arrived back in Fosnavag at 12:00 on 14 April 2021, and Fugro departed the vessel at
16:15.

Results
Few object were observed on the seabed, any findings were to be included in the ROV report.

The position of a pipeline was verified during the survey, its coordinates are listed in Table S.1.

Table S.1: Survey Findings

Northing

Object Name Comment

L)
Pipeline 372 449 7 107 858 Found as expected
Notes:

Geodetic parameters: WGS 84 / UTM zone 32N (EPSG::32632)

189587-REP-001 Issue 1 | Environmental Monitoring Smart Fish Farm -l'-ll[inn
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Figure S.1: Survey plot at Haltenbanken
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Introduction

Scope of Work

The scope of work comprised positioning the Christina E during the survey at Haltenbanken.
DNV GL was contracted by SalMar to perform a visual survey of the seabed and collect
current data from SFF rigs. Seabed samples were also to be collected around the planned
location of the fish farm.

Reference Documents
Table 1.1 lists the reference documents that were used during the project.

Table 1.1: Reference Documents

Document Type ‘ Document Number ‘ Title ‘
Procedure or Scope of Program miljgovervaking Smart Fish Farm
M No: 1119522 .

Work Document emo o 95 grunnlagsdata april 2021

Drawing DNV points.DWG NA

Drawing rov line.DWG NA

Procedure EUAF-FNAS-MPCS-PR-001 | Fugro Norway AS' General Positioning Procedure
Definitions

Table 1.2 lists the parties involved in the project.

Table 1.2: Definitions

Company

DNV GL AS

Survey Contractor Fugro

ROV Operator DNV GL AS

Personnel

Table 1.3 lists the personnel involved in the project.

Table 1.3: Personnel

Position ’ Company ’ Name ‘
Marine Representative DNV GL AS Tormod Glette

Survey Party Chief Fugro Eivind Jacobsen

Senior Engineer Fugro Tord Tgrnblom

Page 1 of 11
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Project Summary

Operational Summary

Fugro personnel Eivind Jacobsen and Tord Tarnblom arrived onboard the Christina E in
Fosnavag at 16:00 on 9 April 2021. Tord T@rnblom departed the vessel after completing the
mobilization of the navigation equipment at 20:20 the same day.

The Chistina E departed Fosnavag at 22:55 on 9 April 2021, and a after a wet-test of the ROV
outside Fosnavag, the vessel started transiting towards Rigg A at Haltenbanken at 01:35 on
10 April 2021.

The Christina E arrived at the location of Rigg A at 14:30 on 10 April 2021. Since the rig was
not tracked by sonar, the vessel departed for Rigg SFF (gamle) at 15:35, and arrived 16:55. The
rig was located and recovered to deck at 19:00 on 10 April 2021, and the vessel started
transiting to the Rigg SFF NY location .

The vessel arrived the new Rigg SFF NY location at 20:45 the same day, and an ROV survey of
the area of the planned anchor lines was started at 21:55 on 10 April 2021; the survey was
completed by 23:38 on 11 April 2021.

The seabed sampling started at 01:50 on 12 April 2021, and was completed at 10:47 on
13 April 2021.

The current rig Rigg SFF NY was deployed 14:08 on 13 April 2021, Rigg B was recovered at
17:00 the same day. Rigg Nord was deployed at 19:30. The vessel then searched
unsuccessfully for Rigg A before departing the location at midnight.

Christina E left Haltenbanken at midnight 13 April 2021 and arrived in Fosnavag at 12:00 on
14 April 2021; Fugro departed the vessel at 16:15.

189587-REP-001 Issue 1 | Environmental Monitoring Smart Fish Farm GRD
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Table 2.1 lists the key events during the execution of the project.

Table 2.1: Key Events

Event ‘ Date ‘ fime
[UTC+2]
Fugro personnel arrived at the port of mobilisation 9 April 2021 16:00
Survey equipment had been mobilised 9 April 2021 20:20
Survey at Haltenbanken was started 10 April 2021 21:55
Survey at Haltenbanken was completed 11 April 2021 23:38
Seabed-Sampling at Haltenbanken was started 12 April 2021 01:50
Seabed-Sampling at Haltenbanken was completed 13 April 2021 10:47
Recovery/deployment of current-riggs started 13 April 2021 13;40
Recovery/deployment of current-riggs completed 13 April 2021 22:05
Christina E departed Haltenbanken 13 April 2021 22:30
Christina E arrived at port of demobilisation 14 April 2021 12:00
Fugro personell departed the Christina E 14 April 2021 16:30

Appendix A contains the daily log which covers the entire execution of the project.

Project Experience

The planned seabed sample location were on the planned anchor lines; these locations will
be unavailable when the fish farm is installed. On the client representative’s request, all
positions were rotated 22.5° clockwise around the centre location, placing the new sample
positions between the anchor lines.

Technical Experience

Navigation equipment worked as expected throughout the project.
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3. Position Reference Data

3.1

Geodetic Parameters used at Haltenbanken

DNV GL AS

Table 3.1 describes the project coordinate reference system (CRS) and any transformations
used at Haltenbanken, while Table 3.2 presents the test point used to validate the

corresponding settings in the navigation system.

Table 3.1: Coordinate Reference System Details

Mame: WG5S B4 f UTM zone 3ZN

EPSG Code EPSG32632

Global Mavigation Satellite System (GNS5) Geodetic Parameters®

Map prajection

Datum World Geodetic System 1984 EPSG:6326
Ellipsoid WG5S 84

Semi major axis a=6378137.00 m

Inverse flattening 1/F = 208257223563

Local Geadetic Datum Parameters

Datum World Geodetic System 1984 EPSG6326
Ellip=soid WG5S 84

Semi major axis a=86378137.00 m

Inverse flattening 1/f = 208257223563

Local Projection Parameters

Transverse Mercator

Grid system

UTM zone 32M

| EPSG:16032

Latitude arigin

00° 00" 0D.000° N

Central meridian

005* 00" 00.000° E

Scale factor on central meridian 08954
False easting E00 000 m
False northing am

Table 3.2: Geodetic Test Point

WGS 84 Test Point [Position] Computed Point

Latitude 70°02' 24.00000" N 70° 02" 24.00000" N
Longitude 009° 00" 00.00000" E 009° 00" 00.00000" E
Easting 500 000.000 m 500 000.000 m
Northing 7770333.842m 7770333.842m
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3.3

Supplied Location Information

Intended Locations

DNV GL AS

Table 3.3 contains the intended position of the intended fish farm and the current rig

location.

Table 3.3: Intended Survey Locations

Station

Easting

[m]

Northing

[m]

Latitude

Longitude

Rigg SFF NY intended 370 666 7107 858 64°04.38909'N 06°20.89639'E
Ny Rigg SFF drop-point 370 662 7107 886 64°04.40409'N 06°20.89014'E
Rig Nord intended 371242 7117 811 64°09.75528'N 06°21.09516'E
Rig Nord drop-point 371213 7117 825 64°09.76217'N 06°21.05866'E
Rigg SFF (gamle) intended 380 344 7104 795 64°02.95010'N 06°32.93324'E
Rigg SFF (gamle) drop-point 380 315 7104 783 64°02.94309'N 06°32.89820'E

Notes:
Geodetic parameters: WGS 84 / UTM zone 32N (EPSG::32632)

34 Survey Plan

Table 3.4 contains points along the ROV survey, see Figure 5.1 for a plot of the survey.

Table 3.4: Survey Area

Easting Northing
- (] Remarks

Anchor 7 368 666 7 107 860 Start of survey, start of line
Pipeline (via Anchor 3) 372 450 7 107 860 End of line, start of pipeline
Pipeline 372105 7 106 415 End of pipeling, start of line
Anchor 8 (via Anchor 4) 369 990 7109 272 End of line
Anchor 1 370 666 7 109 858 Start of line
Anchor 5 370 666 7 105 858 End of line
Anchor 6 369 250 7 106 445 Start of line
Anchor 2 372 080 7109 270 End line, end of survey
Notes:
Geodetic parameters: WGS 84 / UTM zone 32N (EPSG::32632)

189587-REP-001 Issue 1| Environmental Monitoring Smart Fish Farm
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4. Equipment and Verifications

4.1 Christina E Positioning Equipment

Table 4.1 and Table 4.2 list the positioning equipment installed onboard the Christina E and
its ROV respectively.

Table 4.1: Christina E Positioning Equipment

System | Manufacturer | Type or Solution
Primary Positioning Solution Fugro Starfix.G2+

Secondary Positioning Solution Fugro Starfix.XP2

GNSS Positioning and QC Fugro StarPack

Primary Heading Source Fugro Starpack GNSS Heading
Secondary Heading Source Anschutz HiPAP gyro

Navigation Software Fugro Starfix 2020

Table 4.2: ROV Positioning Equipment

Manufacturer Type or Solution

Primary Positioning Solution Kongsberg cNODE MiniS transponder

189587-REP-001 Issue 1| Environmental Monitoring Smart Fish Farm GRD
Page 6 of 11
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421

422

DNV GL AS

Verification Results

GNSS Verification

Fugro performed a GNSS health-check through StarfixNG's positioning comparison report on
9 April 2021 while the Christina E was at Fossnavag. We logged the primary and secondary
positioning systems for 15 minutes and compared the results. Table 4.3 summarises the
results, and Appendix B.1 contains the full report.

Table 4.3: GNSS Verification at Fossnavag

. SD . SD Delta Delta
o Easting . Northing . . .
Positioning Source ] Easting ] Northing Easting Northing
m m
[m] [m] [m] [m]
Port GPS
Starfix G2+ 327 496.46 0.04 6 914 421.63 0.04 NA NA
STB GPS
Starfix XP2 327 496.46 0.04 6 914 421.72 0.05 0.0 0.9
Notes:
SD = Standard deviation
Geodetic parameters: WGS 84 / UTM zone 32N (EPSG::32632)

Heading Verification

Fugro logged a heading verification on 9 April 2021, while the vessel was at Fossnavag. We
logged heading data for 80 minutes and calculated the results using Fugro’s GNSS and
Heading Verifications Spreadsheet. The output of a StarPack’s GNSS Heading solution was
used as the computed heading; see Appendix C.1.2 for details on the solution.

Table 4.4 summarises the results, and Appendix 0 contains the full report.

Table 4.4: Heading Verification Results

. Cc-0 C-0sSb
Heading Sensor . .
[] [
GNSS Heading —-265.02 NA
Hipap Gyro -0.03 2.96

Notes:
C-O = Computed minus observed
SD = Standard deviation

Page 7 of 11
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5. Results

DNV GL AS

This section describes the positions of the seabed samples around intended fish farm

location. The original station coordinates were along the planned anchor lines; when

installed, the anchor lines would be in the way of future sampling. The client representative

requested the positions for the stations to be rotated 22.5° clockwise, placing them between

the planned anchor lines.

5.1 New Station List

Table 5.1 lists New Rigg SFF sample stations.

Table 5.1: Stations in New Rigg SFF

Easting

Northing

‘ Latitude | Longitude

Station

[m] [m]
SFF-1 370723 7 107 997 64°04.46513'N 06°20.95931'E
SFF-2 370 781 7108 135 64°04.54066'N 06°21.02351'E
SFF-3 370 896 7108 412 64°04.69222'N 06°21.15066'E
SFF-4 371125 7 108 967 64°04.99585'N 06°21.40374'E
SFF-5 370 805 7 107 801 64°04.36155'N 06°21.07008'E
SFF-6 370 943 7 107 743 64°04.33344'N 06°21.24258'E
SFF-7 371220 7 107 628 64°04.27777'N 06°21.58875'E
SFF-8 371775 7107 399 64°04.16695'N 06°22.28220'E
SFF-9 370 609 7107 719 64°04.31305'N 06°20.83348'E
SFF-10 370 551 7 107 581 64°04.23753'N 06°20.76929'E
SFF-11 370 436 7107 304 64°04.08596'N 06°20.64221'E
SFF-12 370 207 7 106 749 64°03.78231'N 06°20.38940'E
SFF-13 370 527 7107 915 64°04.41663'N 06°20.72270'E
SFF-14 370 389 7107 973 64°04.44473'N 06°20.55018'E
SFF-15 370 112 7 108 088 64°04.50036'N 06°20.20394'E
SFF-16 369 557 7108 317 64°04.61101'N 06°19.51022'E
SFF-Ref 371 891 7110814 64°06.00635'N 06°22.25143'E
Notes:
Geodetic parameters: WGS 84 / UTM zone 32N (EPSG::32632)

189587-REP-001 Issue 1| Environmental Monitoring Smart Fish Farm
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5.2 Deployed Current Rigs

Table 5.2: Current Rig Drop Points

Easting Northing . .
Latitude Longitude
[m] [m]

Ny Rigg SFF drop-point 370 662 7 107 886 64°04.40409'N 06°20.89014'E
Rig Nord drop-point 371213 7117 825 64°09.76217'N 06°21.05866'E
Rigg SFF (gamle) drop-point 380 315 7 104 783 64°02.94309'N 06°32.89820'E
Notes:

Geodetic parameters: WGS 84 / UTM zone 32N (EPSG::32632)

189587-REP-001 Issue 1| Environmental Monitoring Smart Fish Farm GRD
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5.3 Survey Plot at Haltenbanken
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Figure 5.1: Survey plot at Haltenbanken
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6. Health and Safety

All Fugro personnel attended a safety induction where they were made familiar with the
vessel's safety equipment and routines.

Before starting to work Fugro reviewed the generic risk assessment for offshore work along
with the planned work scope. The risk assessment is available in Appendix D. Any hazards or
risks which were not covered in the generic risk assessment were addressed through Fugro's
task risk assessments (TRAs) and control measures were put in place so that the operation
could be completed safely.

All Fugro personnel held job-specific toolbox talks before starting work to remind all
personnel of the hazards and control measures required for the task at hand. Any changes to
the work environment the risks or the task since the review of the risk assessment were also
discussed in the toolbox talks.

Table 6.1: Project HSE Statistics

Activity ‘ Number ’ Comments ‘
Personnel inductions 1
Project HSE briefings 1
Risk assessments 0
Toolbox talks 2
Safety observations 0
Undesired events 0
Emergency drills 0
Safety meetings 1

189587-REP-001 Issue 1| Environmental Monitoring Smart Fish Farm GRD
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Al Daily Log for the Christina E
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Daily Progress Report

DNV GL AS

DY

Project Mame Emvironment Monitoring Smart Fishfarm

Project Mumber 123587 -[Bxtension] Client DV

Date 9 April 2021 Client Reference [Reference number ar MA]
Document Number 189587 Client Reprasentative Tarmod Glette

Vessel Mame Christina E Equipment Status Mobilised
Location Fossnavag Est. Date of Demobilisation | [Enter date]
Weather 1m sea, 30kn wind

Fugro Personnel Eivind Jacobsen, Tord Ternblom ( for mobilization)

Last 24 Hours Fugro personnel traveling to Fossnavag, mobilization of nav-equipment

Mext 24 Hours Transit to site, try to locate current-rigs

HSE Activity Humber Total Comments

Inductions 1 1

HSE Briefings 1 1

Risk Assessmients 0 0

Toolbox Talks 1 1

Safety Observations 0 0

Undesired Events 0 0

Emergency Drills 0 0

Safety Meetings 1 1

189587Signed Fugro

1E95ET | Daily Progress Report for the Chrigting E on 9 Apel 2021
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DMy

Time
[UTC+2] Event
0850 E. Jacobsen and T. Ternklom departed Flesland
16:00 Fugro personnel embarked Christina E in Fossnavig
1615 Fugro personnel started mobilization of navigation equipment
17:44 Started gyro calibraticn
17.05 Gyro logging completed
17:19 Started position comparison
17:34 Stopped position comparison
19:05 Gyro logging completad
20:20 Mobilization completed, T. Tarnblom departed vessel for Alesund
20:30 Pre-job meeting
21:00 E. Jacobsen attended safety trip
22:05 Christina E departed Fossnavig for ROV wet-test
23,23 ROV in the water

18958T5igned Fugro

1E95ET | Daily Progress Report for the Christing E on 9 Apeil 2021

Page 2 of 2
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Daily Progress Report

Document Control

DNV GL AS

Project Hame Environment Maonitoring Smart Fishfarm

Project Number 123587 -[Bxtension] Client DNV

Date 10 April 2021 Client Reference [Reference number or MA]
Document Mumber 189587 DPR 02 Client Representative Tormod Glette

Vessel Mame Christina E Equipment Status Mobilised
Location Morwegian Sea Est. Date of Demobilisation | 15 April 2021
Weather 3m sea, Skn wind

Fugro Personinel Eivind Jacohsen

Last 24 Hours Transit to site, recovered 5FF Rigg. started anchor-line ROV survey

Mext 24 Hours Complete anchor-line ROV survey, start station sampling

HSE Activity Mumber Total Comments
Inductions 0 1
HSE Briefings 0 1
Risk Assessments 0 0
Toolbox Talks 0 1
Safety Observations 0 0
Undesired Events 0 0
Emergency Drills 0 4]
Safety Meetings a 1

18958TSigned Fugro

1B95ET DPR 02 | Daily Progress Report for the Chrigting E on 10 April 2021
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DMWY

Time
[UTC+2] Event
00:15 Transponder on ROV not received in Hipap, recovering ROV
00:30 ROV on deck, checking serial number
01:40 Serial number of transponder entered in Hipap, deploying transponder by crame
01:50 Transponder received in Hipap, not in NG
01:00 Transponder received in NG, recovering transponder to deck
01:35 Started transit to Rigg A position
14:30 Arrived Rigg A position, tried to locate by sonar
15:35 Rigg A not located, headed for Rigg SFF gamle
16:55 Arrived SFF gamle, tried to locate by sonar
17:00 Possible located Rigg by sonar.
18:15 Rigg released by release-system
19:00 Rigg SFF recovered to deck, headed for start of ROV survey
20:45 Arrived start of anchorline 7, prepared to launch ROV
21:20 ROV in the water
21:55 Started ROV survey anchaor line 7, directiom 0907, 368 666mE, T 107 B58mM
23:59 Continued ROV survey anchor-line 7
21:20 ROV in the water
21:55 Started ROV survey anchaor line 7, directiom 0907, 368 666mE, T 107 B58mM
23:59 Continued ROV survey anchor-line 7

18958TSigned Fugro

1B95E7 DPR 02 | Daily Progress Report for the Christing £ on 10 April 2021

Page2ol2
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Daily Progress Report

DNV GL AS

Project Name Enwircnment Monitoring Smart Fishfarm

Project Number 129587 -[Extension] Client DNV

Date 11 April 2021 Client Reference [Reference number or NA]
Document Number 189587 DPR 03 Client Representative Tormod Glette

Vessel Mame Chiristina E Equipment Status Mobilised
Location Morwegian Sea Est. Date of Demobilisation | 15 April 2021
Weather 2m sea, 10kn wind

Fugro Personnel Eivind Jacobsen

Last 24 Hours Completed anchor-line ROV survey

Mext 24 Hours Start station sampling

QHSSE Summary
HSE Activity

£
5
1

Comments

Inductions

HSE Briefings

Risk Assessments

Toolbox Talks

Safety Observations

Undesired Events

Emergency Drills

Safety Meetings

=T =T =T = T = T = T = T I = |

18958T5igned Fugro

1E95E7 DPR 03 | Daily Progress Report for the Christing E on 11 April 2021

Page 1of2
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DM

11 April 2021

Time

[UTC+2] Event
00:00 Comntinued ROV survey anchor-line 7
0007 End ROV survey anchor line 7, continue anchor line 3. 370 666mE, T 107 858mMN
02:55 End ROV survey anchor line 3. 372 449mE, 7T 107 858mM
03:05 Started following pipe-line
0413 Completed survey of pipe-line
15 Started ROV survey of anchor line 8 & 4
0925 End ROV survey anchor line & 8 4
10:40 Started ROV survey of anchor line 1 & 5
17:50 Emd of ROV survey of anchar line 1 & 5
19:47 Started ROV survey of anchor line 2 & &
2300 On clients request, to avoid sample-stations on anchor-lines, all stations moved 22 .57 clockwise from
Mew Rigg SFF.
23:38 ROV survey of anchor-lines completed, stopped logging. Prepare to recover ROV

1895E875igned Fugro

189567 DPR 03 | Daily Progress Report for the Christing E on 11 April 2021

Page 2 of 2
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Daily Progress Report

Document Control

Project Mame Ernvircnment Monitoring Smart Fishfarm

Project Number 183587 -[Extension] Client DNV

Date 12 April 2021 Client Reference [Reference number or NA]
Document Mumber 189587 DPR 04 Client Representative Tormod Glette
Vessel Mame Chistina E Equipment Status Mobilised
Location Haltenbanken Est. Diate of Demobilisation | 15 April 2021
Weather 2m sea, Skn wind

Fugro Personnel Eivind Jacobsen

Last 24 Hours Started station sampling

Mext 24 Hours Complete station sampling, deployment of current rigs

HSE Activity Mumber Total Comments

Inductions 0 1

HSE Briefings 0 1

Risk Assessments 0 0

Toolbox Talks 0 1

Safety Observations 0 o

Undesired Events 0 o

Emergency Drills 0 o

Safety Meetings 0 1

1895875igned Fugro

1B95ET DPR 04 | Daily Progress Report $or the Chiristing E on 12 April 2021 -Flﬂ'-u
Page 10f 2
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DY

12 April 2021

Time

[UTC+2] Event
00:05 ROV on deck
01:50 Started sampling station SFF-4
0200 Sampling at 3FF-4 completed, moving to 3FF-3
05:07 Started sampling station SFF-3
0700 Sampling at 5FF-3 completed, maoving to SFF-2
Lirsai] Started sampling station SFF-2
0910 Sampling at 5FF-3 completed, moving to 5FF-2
08:18 Started sampling statiom SFF-1
1110 Sampling at 5FF-3 completed, maoving to 3FF-1
11:24 Started sampling station 5FF-9
12:50 Sampling at 5FF-3 completed, moving to 3FF-10
12:57 Started sampling station SFF-10
14:30 Sampling at 5FF-3 completed, moving to 3FF-10
14:40 Started sampling station SFF-11
1612 Sampling at 5FF-11 completed, moving to SFF-12
16:26 Started sampling statiom S3FF-12
18:00 Samplimg at 5FF-12 completed, moving to SFF-16
18:25 Started sampling station SFF-16
20:03 Sampling at SFF-16 completed, moving to SFF-15
20:35 Started sampling statiom 3FF-15
22:35 Sampling at 5FF-15 completed, moving to SFF-14
22:52 Started sampling station SFF-14
23:59 Continued sampling at station SFF-14

1895E87Signed Fugro

1B95E7 DPR 04 | Daily Progress Report $or the Christing E on 12 April 2021

Page 2 of 2
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Daily Progress Report

Document Control

DNV GL AS

DMV

Project Mame Envircnment Monitoring Smart Fishfarm

Project Number 183587 Client DNV

Date 13 April 2021 Client Reference [Reference number or MA]
Daocument Number 189587 DPR 05 Client Representative Tormod Glette

Project Details

Vessel Mame Christina E Equipment Status Muobilised
Location Haltenbanken Est. Date of Demobilisation | 14 April 2021
Weather 2m sea, Skn wind

Fugro Personnel Eivind Jacobsen

Last 24 Hours Completed station sampling and deployment of current rigs

Mext 24 Hours Transit to Fossnavag, demabilization

QHSSE Summary

HSE Activity

F
5
g
)

Comments

Inductions

HSE Briefings

Risk Assessments

o | ==

Toolbox Talks

-

Safety Observations

Undesired Events

Emergency Drills

Safety Meetings

ojlo|lo| o | oo | O | O
= lo|lo|o

1895875igned Fugro

189567 DPR 05 | Daily Progress Report for the Christing E an 13 April 2021

Page l1af2
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DY

13 April 2021

Time
[UTC +2] Event
00:00 Continued sampling at station SFF-14
00:14 Sampling at 5FF-14 completed, maoving to SFF-13
00:22 Started sampling station SFF-13
01:48 Sampling at 5FF-13 completed, moving to SFF-5
02:00 Started sampling station 3FF-5
03:19 Sampling at 5FF-5 completed, moving to SFF-6
03:27 Started sampling station SFF-6
04T Sampling at 5FF-6 completed, moving to SFF-7]
04:58 Started sampling station SFF-7
06:14 Sampling at 5FF-T completed, moving to SFF-8
06:31 Started sampling station SFF-8
08:23 Sampling at 5FF-8 completed, moving to SFF-Ref
08:M Started sampling station SFF-ref
10:47 Sampling at SFF-ref completed, moving to location Mew RIGG SFF
1215 Vessel in position Mew Rigg 5FF, prepared to deploy current-rigg
13:40 Started to deploy buoys for current-rigg
14:08 Mew Rigg-5FF deployed in positicn 360 662mE, T 107 B6&émN
1410 Started transit to Rigg B
16:00 Arrived Rigg B position
16:40 Rigg released, buoys at surface
17:00 Rigg B recoverd to deck, started transit to Rigg Mord
16:30 Vessel in position Rigg Mord, prepared to deploy current-rigg
1910 Started to deploy buoys for current-rigg
1930 Rigg Mord deployed in position 371 213mE, 7 117 825mN
19:50 Started transit to Rigg SFF (gamile)
21:30 Arrived Rigg SFF (gamle)
21:50 Started to deploy buoys for Rigg SFF (gamle)
22:06 Rigg SFF {gamle} deployed in position 380 315mE, 7 104 T83mMN,
22:30 Departed for Rigg A
23:40 Arrived bocation for Rigg A, tried to locate it by sonar

18958T5igned Fugro

1B95ET DPR 05 | Daily Progress Report Sor the Christing E en 13 April 2021

Page 2 of 2
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Daily Progress Report

Project Mame Enwircnment Monitoring Smart Fshfarm
Project Mumber 189537 Client DMV
Date 14 April 2021 Client Reference [Referance number or NA]
| Document Number | 189587 DPR 06 | Client Representative Tormed Glets
Viessal Mama Chritina E Equipment 5tatus Mohilizad
Location Haltenbanken,Fossnavag Est. Diate of Demohbilisation | 14 April 2021
Weather 1 s2a, Skn wind
Fugro Personnel Eivind Jacobsen
Last 24 Hours Transit to Fossnavag, demobilization
| Mext 24 Hours | A
| ssesumerary |
HSE Activity Mumber | Total | Comments
Inductions o 1
HEE Briefings 1] 1
Risk Assessments 1] 1]
Toolbox Talks 1 2
Safety Observations 1] 1]
Undesirad Events 1] 1]
Emergency Drills a a
Safety Meetings 1] 1

189587 Signed Fugro

1BE5AT DPR: 06 | Dy Progress Report for the Christina E on 14 Aprl 201 GRO
Page 10f 2
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Dy

14 April 2021

Time Fivemt
[UTC+2]
0000 Started transit to Fossnavag
1200 Alongside Fossnavag, started de-mobilization
14:00 De-mobilization completed
1615 E Jacobsen departed Christina E for Bergen

189587 Signed Fugro

1BE5AT DPA 06 | Diily Progress Report for the Christina £ on 14 April 2001

Page 2 of 2
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B.1 GNSS Verification

CHRISTINA E |i"“"J
POSITIONING COMPARISON REPORT
Fugro Project ID: 189587 Client: Fugro
Fugro Personnel: Eivind Jacobsen
Vessel: Cristina E
Comments:
Session Name: GNSS Comparisen-v1 Units and Format: Local grid (World Standard)
Start Time: 09 Apr 2021, 17:19:02Z2
End Time: 09 Apr 2021, 17:34:012 (Session Length 0.25 hrs - No. Obs. 899)

Positioning System CRS and Offsets

System CRS X M z
(m) (m) (m)
1 |PORT-10.10.5.101-Starfix.G2 Plus 10103 WGS 84 153 2385 0.00
2 |STBD-10.10.5.102-Starfix.XP2 10202 WGS 84 0.8 3.0 0.00
3 |PORT-10.10.5.101-Starfix.XP2 10102 WGS 84 153 2385 0.00
4 |STBD-10.10.5.102-Starfix.G2 Plus 10203 WGS 84 0.88 308 0.00
Sensor Data (mean values over data periods)
o Easting Northing Height
Antenna Positions sSD sSD sSD Obs
(m) (m) (m)
1 |PORT-10.10.5.101-Starfix.G2 327.499.452|  20.04m| 6,914.422.849|  +0.04m 66.908|  £0.05m| 899
Plus 10103
STBD-10.10.5.102-Starfix. XP2
2 || 327499408| :004m| 6914420522  +0.05m 86.915| 002m| 899
PORT-10.10.5.101-Starfix. XP2
3 Lioron 327499449|  £004m| 6914422881  £0.04m 66.819| £004m| 899
STBD-10.10.5.102-Starfix.G2
4 anx 307499422  £0.03m| 6914420459  £0.05m 66.935| £0.01m| 899
Plus 10203
Heading Sensors Obs°T | Obs °G | Conv sD | (c-0) | calc°T |calc°G| Diff | Records
1 |sTBD-10.10.5.102 3582 11| -294935| 009| -26502| 932| 961 000 899
SIMRAD HIPAP500 928| 958 -294935| o027| o000| 28 958 033 899
3 |PORT-10.10.5.101 1782| 181.1| =294935| o009 -502| 32| es1| oo0 899
Results (Computed CRP position Comparison) UTM zone 32N
Easti Northi Height | 1XDRMS | d.Easting | d.Northi d.Height
T, asting orthing eig X asting orthing eig o
(m) (m) (m) (m) (m) (m) (m)

1 PORT-10.10.5.101- 327,496.455 6.914,421.632 66.909 0.08 0.00 0.00 0.00 899
Starfix.G2 Plus 10103

5 STBD-10.10.5.102- 307 496,460 s 014421723 oS o - . — —
Starfix.XP2 10202 s Il4ael. . . ] ] .

3 PORT-10.10.5.101- 327,496.452 6.914,421.664 66.819 0.08 -0.01 0.03 -0.09 899
Starfix.XP2 10102

4 STBD-10.10.5.102- 327,496.474 6.914,421.660 66.935 0.06 0.02 0.03 0.03 899
Starfix.G2 Plus 10203

189587-REP-001 Issue 1 | Environmental Monitoring Smart Fish Farm GRD
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B.2

Christina E

Heading Verification

DNV GL AS

Fosnavag, 04/09/21

Precise Relative Position Engine Heading Verifications

Christina E, 4 September 2021
Time of logging: 15:44 - 17:05

Summary
System System Serial No. c;.,?
Gyro #1 HiPAP -0.03
Gyro #2
Gyro #3
GNSS Antenna Offsets
Offset Name X Y
[m] [m]
From STBD 0.88 3.06
To PORT -1.53 2.85
Applied correction angle: -265.02°
C-O statistics
GNSS Heading Gyro #1 Gyro #2 Gyro #3
[] [] [1 §
Minimum 92.78 -1.18
Maximum 94.98 94.98
Average 93.28 -0.03
SD 0.16 2.96

189587-REP-001 Issue 1| Environmental Monitoring Smart Fish Farm
Appendix B | Page 15



DNV GL AS

B.3 Offsets

B.3.1 Christina E Offsets

Fugra

LE e
Bt GFE L STH P
. P S—

Figure 1: Vessel shape & offsets of the "Cristina E’

Centre of gravity 0.0 0.0 0.0
Port GPS -1.53 2.85 0.0
Starboard GPS 0.88 3.06 0.0
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HPR
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B.3.2 Christina E ROV Offsets

DNV GL AS

Fugro

T

Center of gravety

0.0

0.0

TP

0.0

-2.0
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c1
C11

C12

Ci13

ci14

DNV GL AS

Positioning and Heading Systems

StarPack

A StarPack unit consists of a survey-grade GNSS receiver and a powerful processor running
the Linux multitasking operating system. The receiver can track all current satellites (GPS
GLONASS) and is Galileo ready. A StarPack can be extended with a second receiver (in the
same unit) or two units can be networked together to provide accurate GNSS derived
heading.

Computational features of the StarPack are:

= The input of multiple corrections sources;

= Two independent calculation engines — developed by two different Fugro development
centres;

= Multiple position calculations and outputs including Starfix.G2 Starfix.XP2 and
Starfix.L1;

= A heading solution between two GNSS antennas.

For configuration and computational QC the StarPack provides a web interface.
GNSS Heading

Fugro’s StarPacks use a precise relative positioning (PRP) engine to calculate the real-time
heading between two GNSS antennas; the accuracy of the solution is better than 0.1° for
baselines longer than three metres. The StarPacks’ GNSS Heading Solution outputs the result
of the PRP engine. To determine at the rig’'s true heading Fugro applies a correction angle to
the output heading based on the known offset coordinates of the GNSS antennas.

Starfix.G2

Fugro's Starfix.G2 is a GPS and GLONASS (Russian Global Satellite Navigation System)
positioning system that is based on orbit and clock corrections generated from Fugro's own
expanded network of dual system reference stations. Starfix G2 uses precise point positioning
(PPP) technology which distinguishes itself from the traditional differential approach as
satellite errors are not lumped together but estimated at the source on a per satellite basis.
The GPS GLONASS Galileo and BeiDou orbit and clock corrections are computed separately
free of ionospheric and tropospheric effects. The system has positional accuracies of better
than 10cm and 20cm (20) in the horizontal and vertical planes respectively.

Starfix.XP2

Fugro's Starfix.XP2 is a GPS and GLONASS positioning system that is based on orbit and clock
corrections obtained from a third party supplier. Starfix.XP2 also utilises Precise Point
Positioning (PPP) technology but apart from that it is 100% independent to Starfix.G2.
Further positional enhancements are undertaken in Fugro's software resulting in positional
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accuracies of better than 10cm and 20cm (20) in the horizontal and vertical planes
respectively;

Starfix.G2+ Ultra-Precise Corrections and Computations

Fugro's Starfix.G2+ is an ultra-precise GPS and GLONASS Global Positioning Service using
Clock and Orbit Corrections enhanced with carrier-phase corrections. Starfix.G2+ is an
enhancement of Fugro's highly regarded Starfix.G2 service and utilises advanced GNSS
augmentation algorithms developed in-house by our leading GNSS augmentation experts.
Fugro’s worldwide network of reference stations monitors the code and carrier-phase signals
transmitted by GPS and GLONASS satellites. These observations are processed centrally in
real-time using the company’s proprietary algorithms to generate precise corrections which
are used to augment the standard signals broadcast by GPS and GLONASS satellites.
Customers receive corrections via seven high-powered communications satellites providing
at least two independent Starfix.G2+ data sources. The resulting positional accuracies are
better than 3cm and 6cm (20) in the horizontal and vertical planes respectively.

EuroDrone

The EuroDrone is Fugro Norway's remote target tracking device. All modules are integrated
into a single masthead unit and include an Integrated GPS heading device L-band receiver
processor and radio modem. The EuroDrone is the main part of a portable system for
remote target tracking and it contains satellite RF receiving and signal processing
components. Ancillary equipment is plugged into the ethernet connector of a computer.

Software Systems

StarfixNG

StarfixNG is Fugro’s software platform for offshore survey operations. It has been built using
the latest development tools and techniques. Flexibility and scalability on top of a robust
layer of common positioning navigation and QC functions allow StarfixNG to be adapted to
any type of job. With its ‘solution’ approach specific functionality is available as building
blocks to be used as needed.

The software:

= Covers a wide range of offshore survey job types. Dedicated solutions for specific tasks
can be configured in any combination which allows a seamless transition between
activities on the same job;

= Has extensive hardware support. A large database with sensor codecs and vessels are
included. Fugro hardware like StarPack and StarPort is automatically detected and can be
configured once connected. The diagram style hardware configuration offers an intuitive
user interface;
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m Integrates with Starfix Real-time Suite. The internal message protocol is compatible with
Starfix Real-time Suite providing the flexibility to exchange data with existing modules
and run them simultaneously;

m  Uses industry standards. StarfixNG uses various industry standards like the EPSG Geodesy
database and ENC background maps. Also de-facto standards like Autocad .dwg for the
exchange of CAD data are well supported.
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D1 Fugro Norway AS Generic Risk Assessment for Positioning and Construction Support Field Work
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EUAF-FNAS-QSE-FO-002-Generic Risk Assessment - Positioning and Constructions Support Field Work

DNV GL AS

Major Change March 2019 as per input from Field Staff Annual Field Staff Induction

fFoom

SIMOFS

Resulting in:
Injury to people and damage

IlD assats

persans in vicinity

Steps Hazard R Initial Risk Control Measures Residual Risk
Ca‘luﬂﬂf
Job Steps for task AN Population at risk PEAR LAl ) List all Controls Required Likelihood & Severity
Effect Severi
Accidents .by B Al personnel invDIv.ed ?n.tr.m task / Any Peaple, Assets ca FUETI\:I-NDME? Wehicle Driving Policy, Fugro Golden Rules of Safety no B4
|transporiation/driving persans in vicinity Driving
onsider own age, use blood thinning remedies, use socks adequate
Flight; Cardiovascular disease rlong plane rides, be conscious to stratch legs during flight, medical
mboard a plane might cause heckup.
:T;ht:' :Sht::uf::ieglutzl;use All personnel invalved in the task People ca .ry to .sl:heduls flights for arrival tha day before mobilization . Consider B4
health issues when travelling (e difference.
long distances
1) Travel Risk of ilnees, may causs Fugn.:l Grupup.TraveI Pa Iicy_and Travel Guidelinesr:ln Fugralnsite;
doath All parsonnel involved in the task Paople ca [Vaccinas, hygiene, contact info for emergency medical help,
preparedness, emergency card
Food poisoning, rarely Fugro Gropup Travel Policy and Travel Guidelines on
sarious, but can put someonea . . FugrolnsiteHygiena, food ingestion advice, remedies for stomach and
- . All parsonnel involved in the task Paople c3 " :
lon the sideline for a while, bowel disease during travel
unable fo wark
Fugra Group Travel Policy and Travel Guidelines on Fugrolnsite; Follow
[Wark Sita/Haotal: Firs, jon-site HSE procedures, familiarize with emergancy exits, attention,
B.xplusiuns. terror, natural All parsonnel involved in the task People, Assels c4 Choose the rightisensible hotel, madern with restrictad car traffic and
diszalars jextra sacurity, fMocal contact
i Eensible planning of Shm Rotation night'day. Line ﬁanagament Follow
[Warking long hours up - Supervision. Minimum 8 hour rest per 24 haur.
Follow Working at Height procedure EUAF-MALA-QHSE-PR-018;
W arking at height. Develop Task Risk Assessmant/Rescue Plan/Suitable PPE, Fall
Protection E Permit to Work.
lAvoid exposure to loud noise or noise over an extended period of time.
2) General Job Exacution Noise All personnel involved in the task / Any Peaple |Appropriate F'F'E.tn be n:um at all imes, Ref. EUAF-MALA-QSE-PR-022
persans in vicinity Parsonal Protective Equipmant Procadura
ca Fugro Golden Rules of HSSE no 6: Hazardous Substances.
. A . Assessment and Substituion Guidance Fugro Academy HSE E-
[Working with Chemicals Handing og Chemicals. EUAF-MALA-OSE-PR-006-Hazardous
[Substances Procedura. Product sheats in near vicinity.
lAppropriate PPE to be worn at all times, Ref. EUAF-MALA-QSE-PR-022
jrdverse weather. Cold/Hot F'zfsu:al Protective Equipmeant Procedure
Manual Handling Parsonnel trained in manual handling technigues. HSE-E-203 Tha
Principles of Safe Manual Handling -
Lift boxes up [ down stairs [ Woeight of boxes to be assessed before attempting to lift them. Use
mcross dack two-person lift whare necessary.
Fi nch-frum movament of Em pty heavy boxes rather than lift them
containar doors.
Ensure area is clear to work and SIMOPS are not ongoing. Ask if a
Slips trips and falls PTW is required from the rig operator. Golden Rules of HSSE no 10
|3} Transfer of equipmeant to vessal / required location / All personnel involved in the task / An Slmultaneuus.OL[_ra.lluns SIMG_FS‘\ - -
JUnloading container and moving equipment to contral P ¥ People [ Assets c3 Use crane to lift equipment to bridge area if possible, vessel

parsonnel to manage ! chack lifts bafore lifting

Usa forklift / Pallet lifter to move itams on deck if possibla/gat halp

Appropriate PPE to be worn at all times, Ref. EUAF-MALA-QSE-PR.
022 Parsonal Protective Equipmant Procedurs

Secure swinging doors using chains/straps

Ensure Proper Packing

One hand to be kapt free at all times when going up or down stairs
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[4) Installation / Remaoval of external survey equipmeant
antennas, cables elc.)

Slips, trips and falls on
stairways | walkways.

Trip hazards from cables.

Dropped objects

[Working at height.
SIMOPS.

Poor housakesping

Appropriate PPE to be worn at all times, Ref. EUAF-MALA-QSE-PR.
022 Parsonal Protective Equipment Procedura

Good communication betweaan all personnel involved in the task

All equipment installed o be made secure, no loose cables. Route
cables under walkways if possible. Mandatory Fugro Academy
Droppead Objects, wire to secure antenna

Liaise with rig to ensure no conflicting helicopter operations

Fit halideck antenna to HLO guidelines.

Liaise with rig for access to monkey islands, bridge roof etc.

When working above 2m; Follow Working at Height procedure
EUAF-MALA-QHSE-PR-018; Develop Task Risk Assessment/
Rescue Plan/Suitable PPE, Fall Pratection Equipment, Permit to

5! Installation ! removal of internal survey aquipment
PCs, Gyros etc.)

operation Resulting in: Assat
Damage

persans in vicinity

All parsonnel involved in the task / Any Peaple (Reputation’ c4 Work.
persans in vicinity Asootsf Plan outside work when weather conditions are best. Consider light
levels, wind, rain, cold. Plan breaks so hands are not cold.
Ensure area is clear to work and SIMOPS are not ongoing. Ask if a
PTW is raguirﬂd from the riE aparator.
Be aware of high power systems in the vicinity and make all staff
involved aware
Inspect work area and plan cable routes safely and economically
paying attention to any emargency equipmeant ! proceduras
Ensure all cables are safely secured and if required, highlighted to
vessal crew
Resulting in: Work in a tidy, safe and courfeous manner at all times
Injury to people and damage Appropriate PPE to be worn at all times, Ref. EUAF-MALA-QSE-PR.
to assats 022 Parsonal Protective Equipment Procedura
I5lips, trips and falls espacially
fwhile crossing through
doorways, stairs etc. Trip Work area to be kept tidy at all times
hazards from untidy work
area.
Fotential for blocking
emergency equipment | One hand to be kept free at all times when going up or down stairs
routes.
Loss of accommodation Be aware of surrcunding personneal and oparations. Galden Rules
isk) whil Al linvolved in the task. A People /Reputation/ "
prassure (gas risk) while parsanna fvalvadt i 18 Tk, Any sople freputatio c3 of HSSE no 10 Simultaneous Operations (SIMOPS)
running cables persons in vicinity Assats)
et sel Gt e o oo e e
bruises and broken bones. ¥ paying v g ¥ equip
procadures
Cheack if PTW required to have doorways open to test euradronas.
JEquipment moves during opearg Check bulkhead fittings for cabla runs.
Resulting in: Equipment to be secured appropriately for anticipated movement
Injury to people and damage
to assets
T Mainte d Repair P dure, Installation Work
Software | Hardware Failure All Personnel involved in the task Assat, Reputation c3 est, _am nance an .Bpa rFrocadurs, Insialiafion Wo
Instructions and Check Lists
. Fugro Golden Rules of HSSE no 11 Working at Height. Mandatory
Dropped equipment. F Acad o 4 Objects
. . All parsonnel involved in the task. Any |___ugro fcacemy roppec Lojec
Equipment moves during Assets c3

Visual inspection of all equipment to be carried out befare powering up,
check for cable / socket damage, water.
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B! Installation ! remaval of internal survey equipment

Elactric shock from damaged
equipment as it is powerad up
and used or removed.

Peapls IReputation!

Reportirepair any obvious faults before use

DNV GL AS

lignment valuas

|Asset Damage

Loss of reputation

All Personnel involved in the task B4
PCs, G te. Assals!
s, Gyros etc.) Resulting in: i Liaisa with local electrician where necessary
injury to | d di
AR IO Pecpia And camage Golden Rules of HSSE no 3: Equipment/System Isolation
to assets
Wisual inspection of all equipment to be carried out before powearing
up, check for cable / socket damage, water. Report { repair any
Elactric shock from damaged obvious faults before use
equipment as it is powerad up L . L . .
Liaisa with OOW [ vessel electrician for information on survey data
[7) Installation / removal of electrical equipment. All Personnel involved in the task Peaple, Reputation B4 connection points, vessel network patch panels.
When working above 2m; Follow Working at Height procedure
Incarrect connaction ta EUAF-MALA-OHSE-PR-018; Develop Task Risk Assassment/
existing power or data cables Rescue Plan/Suitable PPE, Fall Protection Equipment, Parmit to
Work.
Stips, trips and falls. Trip Appropriate PPE to be worn at all times, Ref. EUAF-MALA-QSE-PR
hazards from untidy work . N
022 Parsonal Protective Equipment Procedura
area.
[WWorking at height (ladders) Work area to be kept tidy at all times
Simultaneos cperations work Ensure area is clear to work and SIMOPS are not ongoing. Ask if a
with ROV crew PTW is requirad from the oparator.
ing i i All | invalved in the task. A
2} Installation / removal of survey equipment onto ROWs Manual handling in confined personne’ nve ‘fe .|n. " e fas ny People C4 Invalve multiple personnel during measurements
spaces persons in vicinity
Electrical tool use Mounting and setl:unng of aquipment onto ROV '.U be. performed by
. . ROV personnel (incl bracket manufacture | medification). Survay to
(drills,grinders)
check.
Resulting in: Comply with vessal PTW systam for work at height / hot work.
Injury to peopla,
Slips, trips and falls on ., "
etmirways | walkways rasultin Appropriate PPE to be worn at all times, Ref. EUAF-MALA-QSE-PR.
in: y s 9 022 Parsonal Protective Equipment Procedura
[WWorking at height Work area to be kept tidy at all times
Al personnel involved in the task. An Ensure area is clear to work and SIMOPS are not ongoing. Ask if a
[3) Antenna offset measurement f other measuremants. e R b People c4 PTW is required from the oparator. B4
persans in vicinity
Involve multiple personnel during measurements
When working above 2m; Follow Working at Height procedure
Fesulting in: injury te paaple EUAF-MALA-QHSE-PR-018; Develop Task Risk Assassmeant/
s Rescue Plan/Suitable PPE, Fall Protection Equipment, Parmit to
Work.
I t igati b
[oomest navigation system Check all offset measurements.
display
Rasulting in: Complete geodasy verifications
|10} Incomrect software configuration : geodesy / offsets | linjury to people All Personnal invalved in the task Al BS Use approved spreadsheets to complete C-0 caloculations. A5

Completa heading and position werifications, or have client sign off
that they are not required.

Mobilisation Chack List to be checked and signed by Party Chief,
client and emailed to Project Manager for QC.
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Excessive working Hours

Fatigue / lack of concentration
causing mistakes and

Dperation Manager to plan for rest if long travel time to mobilization

site

Client and Party Chief to manage working hours and concentration
levels. Adjust hours where necessary and work as a team. Fugro

depart rig/vessel.

§11) Survay/Calibration Operations accidents. All Personnel involved in the task All c3 Golden Rules of HSSE no 4: Fitness for Work.
Rasulting in:
Injury to parsonnal Maintain professional bahaviour
|Asset damage
Appropriate PPE to be worn at all times, Ref. EUAF-MALA-QSE-PR
. . 022 Personal Protective Equipmeant Procedure. Usa of life jackets if
|Slips, trips and falls on raquired
stairways [ walkways. il
Good communication between all personnel invalvad in the task
Trip b rds fi rly laid
nip hazards from poory fal Liaisa with rig to ensure no conflicting operations
cablas.
. Be awara of surcunding personnel and operations. Golden Rules
Dropped equipm ent N .
12} Use of outside survey equipment including total |All personnel involved in the task. Any All ca of HSSE no 10 Simultanecus Operations (SIMOPS)
Istations and Sector Scan Sonar Persons in vicinity Keap away from edges and potential falls
Run interface cables in a safa mannar
IEIEC.:tn: shack from damagad Take care using total station and observe laser safety techniques
equipmant
Hiot work - Lasar Trigger Flare detectors & non-ax units:
Resulting in: Check work site for hazards before and during survay.
iniury to neopla Keap good lookout for new / inexperienced personnel and take
ity f pech axtra fima to brief them about upcoming operations
‘Sea-fasten all equipment (spare and in-use) and empty boxes
appropriataly. Use suitable fastenings.
113) Sea Fastening Asselt E;am?ge andlinjur:r i All Personnel involved in the task AssetsiPeople c4 Plan outside work when weather conditions are best. Consider light
pecple due to vessel molion levels, wind, rain, cold. Plan breaks so hands are not cold.
Weather proof outdoor equipment and cables if raquired.
i Follow guidelines to configura system.
14) RigVessal Manitoring Package System fails after parsonnel Reputation 85 Ll 9te =y

Test system before departing

DNV GL AS
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Om DNV

Vi er et globalt selskap innen kvalitetssikring og risikohandtering med tilstedeveerelse i over 100 land. Vart formal er &
sikre liv, verdier og miljget. Med var unike tekniske ekspertise og uavhengighet bistar vi vare kunder med & forbedre
sikkerhet, effektivitet og baerekraft.

Enten vi godkjenner et nytt skipsdesign, optimerer energiproduksjonen fra en vindmgllepark, analyserer sensordata fra
en gassrgrledning eller sertifiserer verdikjeden til en matprodusent, hjelper vi vare kunder med a ta gode og riktige
beslutninger og gke tilliten til vicksomheten, produktene og tienestene deres. Verden er i endring. Vi kan pavirke
utviklingen. Sammen skal vi takle de globale utfordringene og omstillingene vi vil mate.
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