VEDLEGG V1.00

Miljgtiltak ved vraket av U-864
Vedlegg Alt. 3 Heving av last

1 VEDLEGG
Id Navn Utarbeidet av Dato  Ant. sider
Felles vedleggsrapporter
V0.01 Miljgmal og akseptkriterier for tiltak ved U-864 DNV GL AS 2014 18
V0.02 Design av tildekking og kontroll av utlegging DNV GL AS, NGI 2014 80
V0.03 Geoteknisk vurdering av stabilitet ved tildekking DNV GL AS 2014 9
V0.04 U-864 2013 Soil survey -Geotechnical Report (NGI) NGI 2013 199
Technical Note, Submarine Wreck U-864. Capping of wreck 2014 15
V0.05 and contaminated seabed. Evaluation of soil consolidation and  GeoPartner Marin AS
increased capping height (Geopartner)
V0.06 Stlrjgrr%z:rr]ine Wreck U-864. Effect of consolidation on shear NGI 2014 12
DOF Subsea, NGI, 2014 229
V0.07 Tokt 3a (7 rapporter) FRAMO, Admiral
Consulting, NIVA
V0.08 Vurdering av organisering av prosjektet RiSI.( Management 2014 18
Institute as
V0.09 Spesifisering av methyleringsforsgk (Norge + USA) DNV GL AS, NIVA, 2014 14
Texas Tech University
V0.10 Metode for usikkerhetsanalyse DNV GL AS 2014 10
V0.11 Miljgovervakningsprogram DNV GL AS 2014 36
V0.12 Tokt 3b (3 rapporter) DOF Subsea, NIVA 2014 120
Vedleggsrapporter Alt.3 Heving av last
V3.01 Fremdriftsplan for Alt.3 DNV GL AS 2014 27
V3.02 Usikkerhetsanalyse av kostnad for Alt.3 DNV GL AS 2014 31
V3.03 Kuvalitativ risikoanalyse Alt.3 DNV GL AS 2014 26
V3.04 ;preozztrjévers to raise the mercury — Assessment of mercury DNV GL AS 2014 12
V3.05 Mulighetsstudie for Alt.3 (6 rapporter) DNV GL AS, DOF 2014 112
Subsea
V3.06 Oppsummering av lgsninger frem til tre hovedlgsninger 2014
V3.07 Materialtesting av stalplate fra trykkskrog DNV GL AS 2013 18
V3.08 Analyse av stalkvalitet pa sideplater fra kjel i U-864 DNV GL AS 2014 14
V3.09 Studietur til U-bat museum i Liverpool DNV GL AS 2014 16
V3.10 Kontraktsstrategier U-864 Alt.3 Kvale Advokatfirma DA 2014 48

DNV GL — www.dnvgl.com



e
DNV-GL

Vedlegg VO.01

MILIGTILTAK VED VRAKET AV U-864
Miljgmal og akseptkriterier
for tiltak ved U-864

DNV GL AS

Kilde : Kystverket



VEDLEGG V0.01 Miljgtiltak ved vraket av U-864
Miljgmal og akseptkriterier for tiltak ved U-864

Project name: Miljgtiltak ved vraket av U-864 DNV GL AS Maritime
Report title: Miljgmal og akseptkriterier for tiltak ved U-864 Project Management & Technical
Services Program
P.O.Box 300
1322 Havik
Norway
Tel: +47 67 57 99 00

Utfart av: Revidert av:
Jens Laugesen (DNV GL AS) Carl Erik Hoy-Petersen (DNV GL AS)
Thomas Mgskeland (DNV GL AS)

Dato: 12.5.2014

Gjengivelse av deler av dette vedleggsdokument som kan fgre til mistolkning er ikke tillatt



VEDLEGG V0.01 Miljgtiltak ved vraket av U-864
Miljgmal og akseptkriterier for tiltak ved U-864

Innholdsfortegnelse

1 L] N o I PP 4
1.1 Miljgmal 5
2 KRAV TIL UTFGRENDE ENTREPRENGDIR ..ottt ettt et et et e e e e aeeas 6
3 AKSEPTKRITERIER UNDER TILTAKET .. ..ttt ittt ettt et ettt e ettt e e et e e e e e eeeeaas 7
3.1 Begrunnelse og utfgrelse 7
4 AKSEPTKRITERIER FOR SLUTTKONTROLL ETTER TILTAKET ...uttiiiieie et eeeeeeeeas 13
4.1 Begrunnelse og utfgrelse 13
5 AKSEPTKRITERIER FOR LANGTIDSOVERVAKING ETTER TILTAKET ..civuiiiiiiiieiiieeiieeeieeeieeaneas 15
6 REFERANSER .. ..ottt ettt ettt ettt e ettt e ettt e et ettt e et ettt e ettt e e e aas 17

DNV GL — www.dnvgl.com Side 3



VEDLEGG V0.01 Miljgtiltak ved vraket av U-864
Miljgmal og akseptkriterier for tiltak ved U-864

1 GENERELT

For handteringen av U-864 er det utarbeidet miljgmal og akseptkriterier.

Akseptkriteriene skal veere til hjelp for & styre operasjonen slik at den holder seg innenfor
de miljgmal som er satt.

Regjeringen vedtok i 2012 a ga videre med to alternativer i et forprosjekt basert pa
rangeringen i KVU (konseptvalgutredningen) og KS1 (kvalitetssikring av konseptvalget). |
bestillingen fra FKD (Naerings- og fiskeridepartmentet) til Kystverket fremgar det at det
skal gjennomfgres forprosjektering av fglgende alternative lgsninger for miljgtiltak ved
vraket av U-864:

o Tildekking av vrak og forurenset havbunn (Alt. 1 i KVU)
e Heving av last og tildekking av vrak og forurenset havbunn (Alt. 3 i KVU).

I dette dokumentet beskrives miljgmal og akseptkriterier under tiltaket, for sluttkontroll
og for langtidsovervaking.

Miljgmal og akseptkriterier er de samme uansett hvilket tiltak som velges. Dette
understreker at kravene til miljget er overordnet og ikke er styrt av hvilket tiltak som
velges.

| forbindelse med utarbeidelsen av den fgrste utgaven av dokumentet ble det i 2009 holdt
mgter med Miljgdirektoratet (da SFT), Bellona, Norges Naturvernforbund, Norges
Miljgvernforbund, World Wide Fund For Nature (WWF) og Greenpeace. Videre ble det
avholdt et mgte den 28.4.2009 hvor dokumentet ble presentert for Mattilsynet, Nasjonalt
institutt for ernaerings- og sjgmatforskning (NIFES), Havforskningsinstituttet,
Folkeaksjonen pa Fedje, Fedje kommune, Fiskeri og havbruksnaeringens landsforening
(FHL) og Norges Fiskarlag — Fiskerlaget Vest.

Mgtene ga mange gode innspill og disse ble vurdert og implementert i dokumentet
(versjon 1, 26.1.2010).

Som bakgrunn til dette dokumentet har ogsa DNVs rapport til Kystverket i 2008 /1/
vedrgrende tiltak ved U-864 veert brukt. Her ble det foreslatt et overvakingsprogram for
de ulike tiltaksalternativene tilknyttet U-864.

For & kontrollere om de satte akseptkriteriene har riktig starrelse i forhold til mulig
spredning av kvikksglv er det ogsa utfgrt modellberegninger /2/.
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1.1 Miljemal

Det er etablert et overordnet miljgmal og i tillegg et miljgmal for tiltaket:

Overordnet miljgmal:
Tiltaket skal medfgre at kvikksglvnivaet i sjgmat, i vannsgylen og i overflatesediment fra
dette omradet vil veere pa samme niva som er typisk for den nordlige delen av Nordsjgen.

Overholdelse av dette miljgmalet dokumenteres gjennom langtidsovervakingen, se
kapittel 5.

Miljgmal for selve tiltaket:
Tiltaket skal utfgres slik at det gir minst mulig spredning av kvikksglv til omgivelsene.

Begrepet minst mulig er definert av akseptkriteriene for operasjonen som er diskutert i
dette dokumentet. Minst mulig spredning inkluderer olje fra vraket og fra utstyret som
benyttes i operasjonen.

Kommentar til miljgmal:
Fedje og U-864 ligger i den nordlige delen av Nordsjgen pa 60 grader 45 minutter N.
Grensen mellom Nordsjgen og Norskehavet ligger pa 62 grader N.

I 2013 kom Stortingsmelding nr. 37 (2012—-2013) «Helhetlig forvaltning av det marine
miljg i Nordsjgen og Skagerrak» (forvaltningsplan). Forvaltningsplanens oppgave er a
«legge til rette for verdiskaping gjennom baerekraftig bruk av ressurser og gkosystem-
tjenester i Nordsjgen og Skagerrak og samtidig opprettholde gkosystemenes struktur,
virkemate, produktivitet og naturmangfold. Forvaltningsplanen er derfor et verktgy bade
for & tilrettelegge for verdiskaping og for a opprettholde miljgverdiene i havomradet».

I kapittel 8 i Stortingsmeldingen angis hvilke mal som settes for forvaltningen av
Nordsjgen og Skagerrak. Av spesiell betydning for denne saken er malene for
forurensning:

«Konsentrasjonen av helse- og miljgfarlige kjemikalier og radioaktive stoffer i miljget skal
bringes ned mot bakgrunnsnivaet for naturlig forekommende stoffer, og tilneermet null for
menneskeskapte forbindelser. Utslipp og tilfarsler av helse- og miljgfarlige kjemikalier
eller radioaktive stoffer fra virksomhet i Nordsjgen og Skagerrak skal ikke bidra til
overskridelser av disse nivaene.

Utslipp og bruk av kjemikalier som utgjgr en alvorlig trussel mot miljget i de norske
havomradene skal kontinuerlig reduseres med mal om & stanse utslippene innen 2020.

Utslipp og tilfgrsler av forurensende stoffer til Nordsjgen og Skagerrak skal ikke fgre til
helseskader eller skader pa naturens evne til produksjon og selvfornyelse.»
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2 KRAV TIL UTFORENDE ENTREPRENGR
Miljgkrav til utfgrende entreprengr skal sammenstilles i et dokument og foreligge far
oppstart. Dette dokumentet godkjennes av Kystverket/Prosjekteier. Fglgende skal innga i
entreprengrens dokumentasjon:
e Entreprengren skal utarbeide en plan for overvaking av spredning av forurensning.
e Entreprengren skal utarbeide et dokument med alle relevante bakgrunnsverdier for
miljgovervaking under operasjonen. Disse verdiene skal males far noen aktiviteter
har begynt pa stedet.
Entreprengren skal beskrive utstyr som skal brukes for overvaking, lagring og
overfgring av resultater fra overvakingen.
En beskrivelse av hvordan overvakingsutstyr skal kalibreres skal utarbeides. All
kalibrering skal dokumenteres.
Entreprengr skal utarbeide en plan for avbgtende tiltak i tilfelle det skjer en
ugnsket spredning av forurensning.
Alle laboratorieanalyser skal veere akkreditert og ha relevante deteksjonsgrenser,
hvis praktisk mulig.

Videre er det satt krav til entreprengren under selve tiltaket:

e Overvaking av spredning av forurensning skal utfgres basert pa det dokument som
entreprengren utarbeider i forkant av operasjonen og som er godkjent av
Kystverket.

e Spredning av forurensning (partikkelbundet og vannlgselig) skal ligge innenfor de
akseptkriterier som er gitt av oppdragsgiver (Kystverket) for alle trinn i
operasjonen. Akseptkriterier gis i dette dokumentet.

e Huvis det under pagaende overvaking avdekkes spredning av kvikksglv utover
akseptkriteriene skal alle operasjoner stoppes. Akseptkriterier gis i dette
dokumentet.

e Hvis operasjonen er blitt stoppet pa grunn av uakseptabel spredning, skal arsaken
til spredningen klarlegges og rettes pa far operasjonen starter opp igjen.
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3 AKSEPTKRITERIER UNDER TILTAKET
For selve tiltaket legges fglgende akseptkriterier til grunn:

Turbiditet:
P& malestasjonene skal den gjennomsnittlige turbiditeten i tiltaksperioden over en periode
pa 20 minutter maksimalt veere 5-10 enheter (malt som FTU eller NTU)* hgyere enn
malte bakgrunnsverdier?. Overskrides dette pa en eller flere malere skal operasjonen
stoppes og arsaken til spredningen klarlegges og rettes pa fgr operasjonen starter opp
igjen. Unntak fra dette akseptkriteriet kan aksepteres hvis:
e Det er en risiko for at liv kan ga tapt og/eller det er en risiko for negativ effekt pa
helsen til involvert personell.
e Det oppstar en veersituasjon som gjar at det vil vaere en uakseptabel risiko for
personell og materiell & utfgre operasjonen (mangvrering av skip og utstyr).

Kvikksglv i vann:

| forbindelse med at operasjonen stoppes skal kvikksglvkonsentrasjonen i vannsgylen
males. For & fa starte opp operasjonen igjen ma kvikksglvkonsentrasjon i vannsgylen ikke
overskride 0,7 ug/l. Denne konsentrasjonen kan aksepteres for en kort periode (opp til 30
minutter), etter det m& den ikke overstige 0,05 ug/l, ellers m& operasjonen stoppes igjen.

Olje i vann:
Ved synlig olje pa vannoverflaten av betydning?® skal tiltak iverksettes (oljelenser,
absorbenter, skimmere etc.?).

Total spredning av kvikksglv (miljggiftbudsjett):

Et krav til valg av tiltak er at det ikke skal medfgre at det spres mer enn maksimalt 30 kg
kvikksglv utenfor tiltaksomradet under gjennomfgring av tiltaket. Dette tilsvarer 10 ars
spredning av kvikksglv uten tiltak (ndveerende situasjon).

3.1 Begrunnelse og utfgrelse

Turbiditetsmalinger i vannsgylen

Turbiditet er et indirekte mal pa partikkelkonsentrasjonen i sjgen og er en vanlig
malemetode for tiltak i sjg som kan medfare oppvirvling og spredning av partikler og
miljagifter. Turbiditetsmalinger er best egnet som stoppkriterium fordi det er mulig a
male turbiditet online. Forslag til plassering av stasjoner for turbiditetsmalinger i
vannsgylen er vist i Figur 1.

FTU = Formazine Turbidity Unit, NTU = Nephelometric Turbidity Unit
Bakgrunnsverdier vil bli malt for gjennomfering av tiltaket og lagt ved dette dokumentet
Se beskrivelse av begrepet «av betydning» i kap 3 side 12

5w N R

Skimmere som tar tynnere oljer bgr brukes (erfaring fra temmingen av Bliicher)
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@ Stasion turbiditetsmaling
3 rdekning vakdeter:
Tildekning hele omradet
Provetakingspunkter (mg Ha/kg)
) <015
0.15- 063
0.63-0.86
0.86 - 1.60
16

it Wl
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Figur 1: Forslag til plassering av stasjoner for turbiditetsmalinger.

De fleste stasjoner for turbiditetsmalinger er plassert i ytterkant av tiltaksomradet. Disse
er plassert slik fordi hensikten er & overvake at spredning ikke foregar ut av tiltaks-
omradet. Videre ma ikke méleutstyret komme i konflikt med selve operasjonen.
Malingene er foreslatt utfert 3 m og 10 m over sjgbunnen.

| tillegg er det planlagt en referansestasjon 500 m sgrgst for vraket (se Figur 1). Denne
ligger oppstrgms i forhold til den dominerende stremretningen og antas & vaere utenfor
det omradet som forventes a bli pavirket av tiltaket.

Dette gir til sammen 16 prgvepunkter. Malerne kan male kontinuerlig eller ved gitte
frekvenser under tiltaket. Det skal gjgres bakgrunnsmalinger pa samtlige stasjoner far
tiltaket starter.

Akseptkriteriet for turbiditetsmalingene skal baseres pa bakgrunnsmalinger gjennomfart i
en periode minimum en maned far tiltaket pdbegynnes. Malingene gjennomfgres sa naert
opp til starten av tiltaket som mulig. Bakgrunnen for dette er at turbiditeten vil variere
naturlig gjennom aret, hvilket betyr at malinger gjennomfgart lenge for tiltaket starter,
ikke ngdvendigvis er representative for den perioden tiltaket gjennomfgres.
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Akseptkriteriet for turbiditet baseres pa tidsintegrerte malinger i maleperioden som
spesifisert. Tidsintegrerte malinger bgr velges for & fa et bilde av om det foregar en
okning av partikkelkonsentrasjonen i sjgen over tid.

Akseptkriterier for turbiditet for de forskjellige aktivitetene i prosjektet

Figur 2 nedenfor viser de ulike aktivitetene i prosjektet for de to alternativene (alternativ
1: Tildekking av vrak og forurenset havbunn og alternativ 3: Heving av last og tildekking
av vrak og forurenset havbunn).

Prosessbeskrivelse Alt. 1 Tildekking av vrak og forurenset havbunn

Prosessteg 4 og 5 er kun relevant for Alt.3 Heving av last og tildekking av vrak og forurenset havbunn

Konsolidering

7. Langtids-
overvakning av miljg

1. Prosjektering i/.li::j(;rsjvr::\e;gskal::er amd 3. Stottefylling S O Tildekking

Prosessbeskrivelse — Alt.3 Heving av last og tildekking av vrak og forurenset havbunn

. . 2. Forundersgkelsery . . 5. Hg til godkjent . . 7. Langtids-
1. Prosjektering —) Miljgovervakning o 3. Stottefylling o 4. Heving av last Hﬂ 6. Tildekking —| -

4.2, Etablere tilgan 4.5. Ta Hg-flasker 4.6. Stabilisere
4.1. Forberedelser : .tiI kiol gane, _, 4.3. Apne kjgl — 4.4.Ta ut Hg-flasker — opp til — vraket fgr
) mellomlager tildekking

Figur 2: Aktiviteter for alternativ 1 (tildekking) og alternativ 3 (heving av last og tildekking) i U-864
prosjektet.

Det vil veere to akseptkriterier knyttet til turbiditet under tiltaket:

e 10 FTU over malt bakgrunnsverdi for aktiviteter hvor operasjonen
innebaerer inngrep i sjgbunnen

e 5 FTU over malt bakgrunnsverdi for gvrige aktiviteter

Akseptkriteriene er hgyeste tillatte turbiditet nar malte bakgrunnsverdier er overskredet,
og overskridelsen skal maks. veere for en periode pa 20 minutter. Perioden pa 20
minutter males fra det tidspunkt hvor en enkeltverdi har overskredet bakgrunnsverdien.

Nedenfor er de forskjellige aktivitetene og tilhgrende akseptkriterier beskrevet mer i
detalj for de ulike fasene av operasjonen, med henvisning til for hvilke tiltaksalternativer
de gjelder:
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1. Prosjektering (begge alternativ)
Prosjektering av tiltak og eventuelle miljgovervakingsprogram.

2. Forundersgkelser, Miljgovervakning (begge alternativ)

Forundersgkelser for tiltaket. Miljgovervakning: Utplassering av malestasjoner og maling
av bakgrunnsverdier som vil veere grunnlaget for malinger under tiltaket.

3. Stattefylling (begge alternativ)
Etablering av stgttefylling for & unnga utrasing av skraning og vrak.

Akseptkriteriet er 10 FTU over malt bakgrunnsverdi, over en periode pa maks. 20
minutter.

4. Heving av last (kun alternativ 3)

Hevingen av kvikksglvet innebzerer ogsa inngrep i sjgbunnen for & kunne komme til
lasten.

Akseptkriteriet er 10 FTU over malt bakgrunnsverdi, over en periode pa maks. 20
minutter.

5. Hg til godkjent mottak (kun alternativ 3)
Kvikksglvet transporteres til et godkjent (endelig) mottak.

6. Tildekking (begge alternativ)

Tildekking av hele det forurensede omradet. Tildekkingen skal foregd med rene masser
og med en utleggingsmetode som gir liten oppvirvling. En m& uansett regne med noe
oppvirvling av partikler.

Akseptkriteriet er 5 FTU over malt bakgrunnsverdi, over en periode pa maks. 20 minutter.

7. Langtidsovervakning av miljg (begge alternativ)

Langtidsovervakning skal falge opp miljgtilstanden etter tiltaket. Her vil det bli malt andre
parametere enn turbiditet.
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Kvikksglvkonsentrasjon i vannsgylen

For & oppna en god beskyttelse av miljget under tiltaket er det satt som krav at
kvikksglvet i sjgvannet ikke skal gi noen toksiske effekter. Dette tilsvarer tilstandsklasse
Il ”God” i Miljgdirektoratets klassifiseringssystem /3/. Det betyr at konsentrasjonen av
kvikksglv i vannsgylen ikke skal overstige 0,048 pg/l (avrundes til 0,05 pg/l).

For korte perioder under operasjonen (opp til 30 minutter) kan hgyere konsentrasjoner av
kvikksglv i vannsgylen aksepteres. Akseptabel verdi bgr veere pa et niva der korte
perioder med denne vannkonsentrasjonen av kvikksglv ikke medfgrer gkt dedelighet pa
fisk som tilfeldigvis er i omradet under tiltaket. Det anbefales her a bruke en verdi pa 0,7
Mg/l. Verdien er basert pa LCso (konsentrasjonen med 50 % dgdelighet i forsgk) for fisk,
hvor fisken er eksponert for denne dosen i 4 dager i laboratoriet /4/.

For & gi et bilde av hva en kvikksglvkonsentrasjon pa 0,7 g/l tilsvarer, sa vil

et "basseng” pa 30 000 m? og 150 m dybde med denne konsentrasjonen gi en total
kvikksglvmengde pa 3 kg. Dette kan for eksempel sammenlignes med den
beregnete og analyserte arlige utlekkingen p& 3-4 kg kvikksglv fra de 30 000 m?
forurensede sedimentene i dag /5/.

For Igpende overvaking av kvikksglv i vannsgylen under tiltaket er det foreslatt at
vannprgvetaking foretas i transekt som inkluderer hovedstrgmretningen. Prgvene tas i
fire hovedretninger (nordgst, nordvest, sgrvest og sgrgst), slik det er vist i Figur 3.

Figur 3: Forslag til plassering av stasjoner for vannprgvetaking

Foreslatt avstand for stasjonene er 100, 200 og 300 m fra vraket i hver retning.
Vannprgvene foreslas tatt pa 3 og 10 m over bunnen. Dette gir 24 prgvepunkter til
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sammen. Vannprgver skal tas ved faste intervaller, en gang per dag nar tiltak pagar. Det
skal gjgres en bakgrunnsmaling pa samtlige stasjoner for tiltaket starter.

En vannprgve vil kunne brukes for a raskt kunne bekrefte/avkrefte om det foreligger en
spredning av kvikksglv over akseptkriteriet og eventuelt behov for a iverksette
korrigerende tiltak.

I forkant av tiltaket bgr det gjgres en vurdering av om det ogsa er mulig & ansla
kvikksglvmengden i vann (bundet til partikler) basert pa turbiditetsmalinger.
Erfaringsmessig er imidlertid dette vanskelig.

Olje i vann

Vrakdelene kan fortsatt inneholde olje fremst i form av drivstoff (diesel). Et krav er at
spredningen av olje fra vraket og operasjonsutstyret skal minimaliseres.

Oljespill vil best kunne detekteres ved visuell overvaking. Ved synlig olje pa
vannoverflaten av betydning skal tiltak iverksettes. Med oljeutslipp av betydning menes
utslipp som ikke er tillatt etter forurensningsloven § 7. Utstyr som trengs for a stoppe
spredning av olje (oljelenser, absorbenter, skimmere etc.) skal finnes pa fartgy pa stedet.

Total spredning av kvikksglv (miljggiftbudsjett)

I tillegg til kontroll av overskridelser av turbiditet og kvikksglv i vann er det en
begrensning pa hvor mye kvikksglv som kan spres utenfor tiltaksomradet. Ved at
kvikksglvet spres utenfor tiltaksomradet vil det bli tilfgrt i et omrade hvor det ikke er
planlagt a utfare tiltak og derved utgjgre en miljgbelastning. Grensen for tiltaksomradet
er vist pa Figur 1. For hele tiltaket far det ikke spres mer enn maksimalt 30 kg kvikksglv
utenfor tiltaksomradet. Den arlige spredningen pa naveerende tidspunkt uten tiltak fra
tiltaksomradet er ca. 3-4 kg pr. ar /5/. Det vil si at grensen som er satt for spredning av
kvikksglv under tiltaket tilsvarer spredningen i lgpet av ca. 10 ar uten tiltak (ndveerende
situasjon). Spredningen vil bli estimert ved hjelp av vannprgvene som tas i lgpet av
tiltaket. Basert pa vurderingene i forkant av tiltaket vil det bli bestemt om ogsa
turbiditetsmalinger skal brukes for & ansla spredningen (se ovenfor).

Handtering av overskridelser av akseptkriterier for turbiditet, kvikksglv-
konsentrasjon i vannsgylen under tiltaket og total spredning

Ved overskridelse av akseptkriteriet (mistanke om uakseptabel spredning) skal
entreprengren stoppe operasjonen og klarlegge arsaken til spredningen. Vannprgve skal
tas der hvor overskridelsen har funnet sted og spredningsreduserende tiltak skal
iverksettes. Det er kvikksglvinnholdet i vannprgven som bestemmer om en far starte opp
igjen (se ovenfor).

Hvis konsentrasjonen av kvikksglv ikke er under 0,05 pg/l innen 30 minutter etter
overskridelsen skal arsaken dokumenteres og det skal utarbeides en ny strategi som
sgrger for at arsaken til overskridelsen av akseptkriteriet er fjernet/endret.

For den totale spredningen lages det et miljgbudsjett med en maksimal spredning pr.
dagn. Viser det seg at det spres mer enn dette, ma arbeidene stoppes og det utarbeides
nye arbeidsrutiner som reduserer spredningen slik at en ikke overskrider den totale
rammen.

I en krisesituasjon; for eksempel hvor det blir varslet meget darlig veer ma Kystverket/
Prosjekteier gjgre en total vurdering hvor liv og helse ma veies mot miljg. | en slik
situasjon kan det veere bedre & la operasjonen fortsette, til tross for en overskridelse av
akseptkriteriene. | en slik situasjon bgr tiltaksomradet revurderes for a sikre at tiltaket
tilfredsstiller akseptkriteriene etter tiltak.
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4 AKSEPTKRITERIER FOR SLUTTKONTROLL ETTER TILTAKET

For sluttkontrollen av entreprengrens arbeid legges fglgende akseptkriterier til grunn for
sjgbunnen etter tildekking:

e Ved sluttkontrollen skal konsentrasjonen av kvikksglv i det gverste
sedimentlaget (2 cm) ikke overstige 0,63 mg/kg (klasse 11 — god).

e Tildekkingen kontrolleres slik at 100 % av tiltaksomradet skal veere
tildekket. Arealer rundt vrakdelene skal veere tildekket med planlagt
tykkelse og minst 90 26 av gvrige areal skal veere dekket til med
fastsatt tykkelse pa dekklaget.

4.1 Begrunnelse og utfgrelse

Ved sluttkontrollen skal kilden til spredning av kvikksglv veere fjernet eller tildekket. Det
betyr at det ma settes krav til renhet i sedimentene. Kravet er at sedimentene ikke skal
ha noen toksiske effekter. Dette tilsvarer en kvikksglvkonsentrasjon pa maksimalt 0,63
mg/kg, tilsvarende tilstandsklasse Il (god) i Miljgdirektoratets klassifiseringssystem /3/.
Prgvene som analyseres bgr veere fra de gverste 2 cm av sedimentene (laget under
erosjonslaget der hvor det er tildekket) hvor det er risiko for spredning og bioturbasjon
(gravende virksomhet av dyr som lever i sedimentene). Som ekstra kontroll bgr det ogsa
tas prover fra et dypere lag, forslagsvis 2-5 cm.

For sluttkontrollen av utfgrt arbeid av entreprengr tas sedimentprgver i et rutenett slik
det er foreslatt i Figur 4. | sterrelsesorden 30-40 prgver tas som 3 replikate prgver og
analyseres som en blandprgve. Pa alle stasjoner foreslas at kvikksglvinnholdet analyseres
og pa 10 av stasjonene er ogsa analyse av porevann foreslatt.

For tildekkingen kan kontroll av tykkelse pa dekklaget gjgres ved en kombinasjon av
akustiske malinger (far og etter tildekking), ROV og ved avlesing av malepinner pa
sjgbunnen. Sluttkontrollen skal utfgres etter at dekklaget (sand eller lignende) er lagt pa
men far det erosjonsbeskyttende laget (grov grus eller pukk) er lagt pa.
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Figur 4: lllustrasjon av plassering og antall prgvetakingsstasjoner for sluttkontroll sediment. Grgnne
kryss representerer stasjoner innenfor planlagt tiltaksomrade mens svarte kryss representerer stasjoner
utenfor tiltaksomradet.
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5 AKSEPTKRITERIER FOR LANGTIDSOVERVAKING ETTER

TILTAKET
Etter at tiltaket er utfart vil det veere behov for akseptkriterier for langtidsovervakingen
bade for vannsgylen, sedimentene og for biota (primaert fisk og krabber):

o Etter tiltaket skal kvikksglvkonsentrasjonen i vannsgylen ikke
overstige bakgrunnskonsentrasjon i nordlige deler av Nordsjgen,
bade i apne havomrader og kystnaere omrader.

o Etter tiltaket skal konsentrasjonen av kvikksglv i vannprgver fra det
gverste sedimentlaget (2 cm) ikke overstige 0,05 ug/l (klasse Il —

god).

e Etter tiltaket skal 100 %6 av tiltaksomradet skal veere tildekket.
Arealer rundt vrakdelene skal veere tildekket med planlagt tykkelse
og minst 90 % av gvrige areal skal veere dekket til med fastsatt
tykkelse pa dekklaget.

o Etter tiltaket skal konsentrasjonen av kvikksglv i fiskefilet og
krabber veere pa samme niva som er typisk for nordlige deler av
Nordsjgen, bade i pne havomrader og kystneere omrader og ikke
overstige EUs grenseverdi (0,5 mg/kg vat vekt). En eventuell
reduksjon av kvikksglvkonsentrasjon i fisk og krabber vil ta noe tid
og ma falges opp med overvakingsdata.

Kvikksglvkonsentrasjon i vannsgylen
Etter tiltaket (dager) forventes kvikksglvkonsentrasjonen i vannsgylen a veere pa samme
niva som i 4pne havomrader og kystnaere omrader i nordlige deler av Nordsjgen

For overvaking av kvikksglv i vannsgylen etter tiltaket er det foreslatt vannprgvetaking pa
de samme stasjonene som under tiltaket, se kapittel 3, samt fra etablerte
overvakingsbrgnner i omradet.

Kvikksglvkonsentrasjon i sedimentene

Etter tiltaket skal kilden til spredning av kvikksglv veere fjernet eller tildekket. Kravet er
at kvikksglvinnholdet i sedimentet ikke skal medfgre noen toksiske effekter, dvs. det
samme krav som ved sluttkontrollen. Det er imidlertid uegnet & ta sedimentprgver fra
tildekkede omrader, det kan skade tildekkingen. Isteden etableres overvakingsbranner
hvor det tas vannprgver fra tildekkingslaget. Vannprgvene som analyseres tas fra de
gverste 2 cm av tildekkingen (under erosjonslaget) hvor det er risiko for spredning og
bioturbasjon (gravende virksomhet av dyr som lever i sedimentene).

Det foreslas & ta vannprgver i samme rutenett som er brukt for sluttkontroll (30-40
stasjoner), se Figur 4 i kapittel 4. Pa alle stasjoner analyseres kvikksglvinnholdet i
vannprgver. Prgvene tas ved faste intervaller, forslagsvis en gang i aret i de fgrste arene.
Konsentrasjonen av kvikksglv i vannprgvene skal ikke overstige 0,05 ug/l (klasse IT —

god).

DNV GL — www.dnvgl.com Side 15



VEDLEGG V0.01 Miljgtiltak ved vraket av U-864
Miljgmal og akseptkriterier for tiltak ved U-864

Kontroll av tykkelsen pa dekklag

Kontroll av tykkelse pa dekklaget kan gjgres ved en kombinasjon av akustiske malinger
(sammenligne med tidligere undersgkelser), ROV og ved kontroll av de pa forhand utsatte
malepinnene pa sjgbunnen.

Kvikksglvkonsentrasjon i biota

Etter tiltaket skal kvikksglvkonsentrasjonen i biota (fisk og krabbe) undersgkes. | fisk
undersgkes fileten og i krabber undersgkes klokjgtt og krabbesmgar. NIFES foreslar at
organismene samles inn i tre omrader /6,7,10/. 1 tillegg er det foreslatt at det fiskes nord
og sar i kyststremmen. Prgvene tas ved faste intervaller, forslagsvis en gang i aret i de
farste arene. Det vil veere en viss responstid (ar) far det kan males en eventuell
reduksjon i kvikksglvkonsentrasjonen i fisk og krabber, se ogsa /9/.

Vedrgrende grenseverdier/akseptkriterier sa viser NIFES /6,7.10/ i sine undersgkelser av
fisk i omradet rundt U-864 til EUs grenseverdier /8/. EUs grenseverdi (EC 2001/466) for
kvikksglv i fiskefilet er 0,5 mg/kg vatvekt. Noen fa arter har fatt en grenseverdi pa 1,0
mg/kg vatvekt (for eksempel uer, kveite og steinbit). Det foreslas at EUs grenseverdi
legges til grunn som et forelgpig akseptkriterium for bade fisk og krabber. Da det kan
forventes hgyere nivaer av kvikksglv i fisk i kystnaere omrader (kyststremmen) bgr nivaer
av kvikksglv i fisk fanget i kyststrammen inkluderes som referanse nar bakgrunns-
konsentrasjon i nordlige deler av Nordsjgen vurderes.

Endelig vurdering av akseptabelt innhold av miljggifter i fisk og krabber foretas av
Mattilsynet med bistand fra den norske Vitenskapskomiteen for mattrygghet (VKM).
Mattilsynet forholder seg til internasjonalt aksepterte grenseverdier. Ut i fra disse grense-
verdiene og innholdet i fisk og krabber vil de vurdere hvilke tiltak som skal gjennomfgres.
Tiltak kan veere omsetningsforbud eller kostholdsrad.

Tid som langtidsovervakingen skal paga

Miljgovervakningsprogrammet som er beskrevet strekker seg ut over tiltakets varighet og
Kystverkets ansvarsperiode som foreslas satt til 5 ar. Etter denne perioden vil videre
miljgovervakning, basert pa en revisjon av det skisserte program for oppfglging av
tiltaksomradet for U-864, matte innga i Miljgdirektoratets totale nasjonale program for
miljgovervakning.
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KONKLUDERENDE SAMMENDRAG

I denne rapporten er tildekkingsalternativet (alternativ 1) for U-864 beskrevet.
Rapporten fglger opp arbeidet som ble presentert i DNV-rapport 23916-11 “Salvage of
U864 - Supplementary studies - Study no. 11: Assessment of future spreading of
mercury for the capping alternative” som ble levert til Kystverket i 2008. | denne nye
rapporten er det foreslatt en mer detaljert design av tildekkingen og av arbeids-
utfarelsen. Hensikten med dette er at en skal ha et godt grunnlag for & gjere en
kostnadsberegning for tiltaket.

Malet for tildekkingen er at alle omrader hvor kvikksglvforurensningen av sjgbunnen
overskrider 0,63 mg/kg sediment skal tildekkes. Basert pa alle sedimentanalysene som
er utfgrt av sjgbunnen, er dette omradet estimert til 47 000 m?.

Design av tildekkingen er utarbeidet for de to vrakdelene av U-864 og for de gvrige
forurensede omradene. | hovedalternativet er det foreslatt at en baserer tiltaket pa en
tildekking med mineralske masser (sand, grus etc.).

Like ved vraket Resten av forurenset
(adveksjonslag: omrade
fin subbus)
Erosjonslag 20 cm 20 cm
Bioturbasjonslag 15 cm 15 cm
Adveksjonslag (220 -90 - 15cm*) =115 (40 — 15 cm*) = 25
cm cm
Kjemisk isolasjonslag 90 cm 5cm
Sum tildekking uten usikkerhet 240 cm 65 cm
Tillegg for blandingslag 10 cm 10 cm
Tillegg for & ta hensyn til 40 cm 40 cm
usikkerhet ved utlegging
Total tykkelse av tildekkingen 290 cm 115 cm

Som det fremgar av tabellen foreslas vrakdelene tildekket med en tykkelse pa 2,9 m og
gvrige omrader med en tykkelse pa 1,15 m.

Selve utleggingen av masser bgr utfares med konvensjonelt tilgjengelig utstyr i
markedet sa langt dette er mulig.
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1 INNLEDNING

1.1 Bakgrunn
I denne rapporten er tildekkingsalternativet (alternativ 1) for U-864 beskrevet.

Rapporten fglger opp arbeidet som ble presentert i DNV-rapport 23916-11 “Salvage of
U864 - Supplementary studies - Study no. 11: Assessment of future spreading of
mercury for the capping alternative” som ble levert til Kystverket i 2008. | denne nye
rapporten er det foreslatt en mer detaljert design av tildekkingen og av arbeids-
utfgrelsen. Hensikten med dette er at en skal ha et godt grunnlag for a gjare en
kostnadsberegning for tiltaket.

1.2 Hensikten med tildekkingen

Tildekkingen av vraket etter U-864 har som formal a redusere risiko knyttet til kvikksglv
i vraket og i sedimentet utenfor vraket. Dette oppnds ved & redusere tilgjengeligheten
av dette kvikksglvet (Hg), (bade elementaert Hg, ionisk Hg og metylkvikksglv) i over-
flaten av sjgbunnen etter tildekking. Basert pa delrapport om miljgmal og aksept-
kriterier for tiltak ved U-864 (DNV GL, 2014a) er oppnaelsen av dette beskrevet som at
konsentrasjon i sediment i de gverste 2 cm av sjgbunnen etter tildekkingen (for
plassering av erosjonslag) skal veere mindre enn 0,63 mg/kg. Dette tilsvarer
tilstandsklasse 11 ifglge Miljgdirektoratets veileder for klassifisering av miljgkvalitet i
fjorder og kystfarvann (Miljgdirektoratet, 2007).

Tykkelsen med tildekkingsmasse der diffusjonstransport dominerer Hg-transporten
beregnes slik at disse kravene tilfredsstilles.

Tildekkingslaget ma dessuten oppfylle falgende funksjoner:
e Hindre at tildekkingslaget eroderer
¢ Hindre at bglger og vannstrgm farer til vesentlig adveksjon i tildekkingsmassene
e Ta hgyde for

0 At deler av det forurensede sedimentet blandes med tildekkingsmassen
ved utlegging

0 At deler av tildekkingsmassen konsoliderer etter tildekking

0 At det er noe usikkerhet i tykkelsen som faktisk blir lagt ut i forhold til
designtykkelse.
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Den overordnete hensikten med overvakingen av tildekkingsoperasjonen er:

1. Kontroll under tildekkingen som muliggjegr korrigerende tiltak under
utplasseringen, slik at planlagt sluttresultat kan oppnas.

2. Sluttkontroll av hele tiltaket. Kontrollere at tildekkingen er som designet med
hensyn pa tykkelse, sammensetning og utstrekning.

Tildekking kontrolleres slik at 100 % av tiltaksomradet skal veere tildekket og
arealer rundt vrakdelene skal veere tildekket med planlagt tykkelse og minst
90 % av gvrige areal skal veere dekket til med fastsatt tykkelse pa dekklaget.

Overvakingen inkluderer bade fysisk og kjemisk kontroll som beskrevet neermere i de
folgende kapitlene i denne rapporten.

Det vises til delrapport som omhandler overvaking av tiltaket som helhet (DNV GL,
2014b) og delrapport som omhandler akseptkriterier (DNV GL, 2014a)

1.3 Prosessbeskrivelse for tildekkingen

Figuren nedenfor beskriver de arbeidsprosesser som er vurdert a veere ngdvendige for &
dekke til vraket av U-864. Rekkefaglgen som er vist i figuren antas & veere ngdvendig for
at alle operasjonene skal bli mest mulig vellykkede og gi minst mulig spredning av
forurensning under arbeidet med tildekking. Prosessteg 4 og 5 omhandler fjerning av
last (kvikksglv). De er kun relevante for tiltaksalternativ 3 (heving av kvikksglvlast) men
ikke for dette alternativet (alternativ 1, tildekking). Heving av kvikksglvlast er utredet i
egne delutredninger.

Prosessbeskrivelse Alt. 1 Tildekking av vrak og forurenset havbunn

Prosessteg 4 og 5 er kun relevant for Alt.3 Heving av last og tildekking av vrak og forurenset havbunn

Konsolidering

. . 2. Forundersgkelser . . . 7. Langtids-
)
1. Prosjektering —) el o 3. Stottefylling 6. Tildekking — e
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VEDLEGG V0.02 Miljgtiltak ved vraket av U-864

Design av tildekking og kontroll av utlegging
2 AREAL SOM SKAL TILDEKKES

Figur 1 viser omradet utenfor Fedje i Hordaland hvor vrakdelene av U-864 ligger pa ca.
150 m dyp.

>
>

[ Tittaksomrade ; AN S NS oy

0 2.5 b

0 - A ) U,
Kilometer BT R SR S [ S

Figur 1: Tiltaksomradet hvor vraket av U-864 ligger er ca. 2 nm (3,7 km) utenfor Fedje.

Det er tatt en rekke sedimentprgver rundt U-864. Prgvene er analysert for & avdekke
innhold av kvikksglv. Basert p& analysene er det utfgrt en interpolering av resultatene
hvor sedimentene er inndelt i forhold til tilstandsklasser for kvikksglv, se Figur 2.
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Figur 2: Analyser av kvikksglv fra overflatesedimenter rundt U-864 med fargeinndeling i henhold til
Miljgdirektoratets tilstandsklasser for forurensede sedimenter (veileder TA 2229/2007). Stiplet gul linje
viser GIS interpolert avgrensning for tiltaksmal 0,63 mg Hg/kg. Heltrukken gul linje viser manuelt
tilpasset avgrensning til topografi (47 000 m?) av omréde som foreslas tildekket. Rad linje viser
omrade rundt vrakdelene som foreslas tildekket med ekstra tykt lag.

Starrelse pa tiltaksareal for kvikksglvforurenset sjgbunn vil variere avhengig hvilke
tiltaksklasse som settes som tiltaksmal. | tabell 1 er de forskjellige tiltaksarealene
oppgitt, som det fremgar av tabellen vil et strengere tiltaksmal gi et starre tiltaksareal.

Tabell 1: Starrelse pa tiltaksareal basert pa hvilken tilstandsklasse som settes som tiltaksmal.
Beregning basert pd interpolering av data fra sedimentundersgkelser.

Tilstandsklasse kvikksglv Areal m?

Tiltaksmal: Tilstandsklasse 3 (areal med konsentrasjon > 0,63 mg Hg/kg saneres) |47 000
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Malsetningen i prosjektet er & sanere alle sedimenter som har en forurensning som

ligger hgyere enn tilstandsklasse II.

Det betyr at akseptkriteriet (miljgmalet) er 0,63 mg Hg/kg og at det utfares tiltak hvor
sedimentene er i tilstandsklasse 111, 1V og V. Det gir et saneringsareal p 47 000 m?
sjgbunn (se Figur 2). Dette arealet kan bli justert etter detaljprosjektering og etter at
eventuelle andre aktiviteter pa vraket er gjennomfart.
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3 FUNKSJONSKRAYV TIL TILDEKKINGEN

Innkapslingen (tildekking/eller capping pa engelsk) av U-864 og de forurensede
sedimentene omkring vraket vil bygges opp av inerte lgsmasser basert pa naturlige
mineralske produkter slik som sand, grus, og stein. Alternativt kan ogsa lag inkluderes
som bestar av bearbeidede materialer som har til hensikt & gi tildekkingen spesielle
gnskede egenskaper, slik som seerlig god bindingsevne for Hg eller lav
gjennomstrgmningsevne for vann.

Valgt design for innkapsling av vraket og forurensingen innebgerer at det fylles
lgsmasser over vraket.

Designet av tildekkingen over vraket og forurenset sediment bestar av forskjellige lag
som har fglgende overordnede funksjoner:

1. Beskytte selve tildekkingslaget mot erosjon.

2. Hindre at utlekking av kvikksglvforurensing gir konsentrasjoner i overflaten av
tildekkingen som overskrider miljgmalet.

3. Ekstra lag som skal ta hgyde for innblanding av rene tildekkingsmasser i
sedimentet og usikkerhet i tykkelse ved konstruksjon.

I tillegg inngar det i designet en motfylling nedenfor skraning der tildekkingen plasseres
for & beskytte vraket og tildekkingslaget mot utglidning. Denne motfyllingen er
beskrevet tidligere (NGI, 2006) og ogsa i andre deler av dette forprosjektet og
omhandles derfor ikke her.

For at tildekkingen skal oppfylle funksjon 1) " Beskytte selve tildekkingslaget mot
erosjon" ma den gverste delen av tildekkingen besta av masser som ikke eroderes ved
de strgmhastighetene som kan forventes i omradet.

For at tildekkingen skal oppfylle funksjon 2) "Hindre utlekking" ma tildekkingen ha
folgende mer spesifikke funksjoner:

e Hindre at bunnlevende dyrs omblanding av massene pa sjgbunnen farer til gkt
transport av Hg gjennom tildekkingen,

e Hindre at bglger og vannstrgm farer til gkt transport av Hg gjennom tildekkingen
pa grunn av adveksjon i deler av tildekkingen,

¢ Kjemisk isolere kvikksglvforurensingen slik at transport gjennom tildekkingen
ikke gir overskridelse av miljgmalet (konsentrasjon <0,63 mg Hg/kg i
overflatesedimentet).

Funksjon 3) «ekstra lag» i tildekkingsdesignet er viktig for at usikkerhet knyttet til
konstruksjonen av tildekkingslaget ikke skal fgre til at konstruert tykkelse blir mindre
enn designet tykkelse. For a ivareta dette vil tildekkingen designes med en overtykkelse
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tilsvarende usikkerheten i konstruksjonen. Fglgende usikkerheter er vurdert som viktige
og tatt med i denne overtykkelsen:

e At deler av det forurensede sedimentet blandes med tildekkingsmassen ved
utlegging.

o At det kan forekomme avvik i tykkelsen som faktisk blir lagt ut i forhold til
designtykkelse.

3.1 Andre hensyn i designet

Vraket er i dag antatt & veere fylt av vann og noe luft. Svekkelser i konstruksjonen ved
torpederingen av U-864 og korrosjon etter dette fgrer til at skrogets styrke svekkes
med tiden. Tildekking over vraket vil fgre til en starre belastning pa skroget enn det
som er i dag. Disse forholdene vil fgre til at skroget gir etter nar korrosjon har svekket
styrken i skroget slik at den er mindre enn lasten fra tildekkingen. Det er sannsynlig at
deler av det ytre profilskroget gir etter under tildekkingen. Det indre trykkskroget er
imidlertid laget for & tale store trykk. Det innebeerer at det sannsynligvis vil ga lang tid
for dette gir etter. Ved en slik sammensynkning av vraket vil tildekkingsmassene som
ligger over vraket synke inn i dette. Ved et slikt forlgp kan tildekkingen over deler av
forurensningen bli mindre enn det opprinnelige designet.

Dette kan handteres pa falgende mater:

1. En sammensynkning av vraket hindres ved a fylle masser inn i vraket far
tildekking.

2. Tildekking repareres dersom ngdvendig etter en sammensynkning av vraket.
Dette forutsetter overvakning av tildekkingen med tanke pa & observere nar
vraket synker sammen.

3. Det dekkes til med nok masse slik at tilstrekkelig beskyttelse over vraket sikres
etter en sammensynkning.

Det er i dette designet forutsatt at dette handteres med metode 2).
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4 DESIGN AV TILDEKKINGSLAG

En innkapsling (tildekkingen) ma designes. | dette kapitlet er det gitt en oppsummering
av den design og modellering som er utfart for & bestemme hvilke materialer som bar
inngd og hvilken tykkelse de bgr ha for en tildekking.

Det understrekes at det fgr et prosjekt kan utfares ogsd ma foretas en detalj-
prosjektering av tildekkingen hvor det kan veere behov for en del justeringer.

Det er to omrader med tildekking som ma designes:

1. Omrader hvor selve vrakdelene tildekkes
2. @vrige kvikksglvforurensede omrader som ma tildekkes

I Appendix 1 er det gitt en uttesmmende bekrivelse av hvordan design og modellering av
tildekkingslag er utfgrt.

4.1 Cap-Design

Figur 3 illustrerer overordnet tildekkingsdesign over forurensningen i og ved vraket av
U-864 med de lagene som skal ivareta ulike funksjoner i denne tildekkingen og dermed
utgjer designet.

} Del av tildekkingen som beskytter mot erosjon

. Del av tildekkingen som skal hindre transport av Hg

Kjemisk
isolasjonslag

. Del av tildekkingen som tar hensyn til usikkerhet
i tykkelse ved konstruksjon

Innblanding i sedimentet pa sjgbunnen

Figur 3: lllustrasjon av designlag i tildekkingen av forurensningen i og ved vraket av U-864.

Felgende tildekkingslag ma designes:
e Erosjonsbeskyttelse
e Bioturbasjonslag
¢ Adveksjonslag
o Kjemisk isolasjonslag

¢ Blandingslag

DNV GL — www.dnvgl.com Side 14



______________________________________________________________________________________________________________________________________|
VEDLEGG V0.02 Miljagtiltak ved vraket av U-864
Design av tildekking og kontroll av utlegging
o + Usikkerhet i utleggingen (kompensere med ekstra masser)

Det er i denne prosjekteringen benyttet sikkerhetsfaktorer og konservative vurderinger
som gir et design som er mer konservativt enn det som er vanlig ved tildekking av
forurenset sediment.

Dette er gjort fordi det i dette prosjektet ansees som vesentlig & etablere tilstrekkelig
sikkerhetsmargin for at tiltaket beskytter miljget mot forurensingen i omradet like ved
vraket.

De moderat forurensede sedimentene i de gvrige omradene utenfor de mest
forurensede omradene like ved vraket skal ogsa dekkes til. Her viser prgvene en lavere
konsentrasjon enn like ved vraket. Dette innebaerer at det kan benyttes et tynnere
kjemisk isolasjonslag. Det er likevel benyttet samme konservative designprinsipper som
ved tildekking like ved vraket. Risiko knyttet til spredning herfra er mindre kritisk fordi
konsentrasjonen og mengden kvikksglv er mye mindre enn i og ved vraket.

4.2 Erosjonsbeskyttelse

For at kravet skal oppfylles om at tildekkingslaget skal beskyttes mot erosjon, ma den
gverste delen av tildekkingen ha en kornstgrrelse som ikke eroderer under de strgm-
forholdene som kan forventes i omradet. Stremmalingene som ble utfgrt over 79 dager
hasten 2005 viste at maksimumsstrgmmen i malingene som var gjort pa 3—20 m over
bunnen var 0,73 m/s (NIVA, 2006).

Inntil flere data foreligger er det konservativt antatt at det kan forekomme strgm-
hastigheter pa maksimalt 2 m/s langs sjgbunnen ved vraket. | falge Figur 4 (basert pa
van Rijn (1993), tilsvarende Hjulstrams diagram) sa vil masser med en kornstgrrelse
tilsvarende dsg >60 mm (50 % av materialet passerer en sikt med apning pa 60 mm)
veere tilstrekkelig som erosjonsbeskyttelse. Dette er basert pa & bruke maksimal
stremhastighet (2 m/s) neaer bunnen (H = 1 m) i Figur 4. Tykkelsen av dette laget er
skjgnnsmessig satt til 3 x dsg — 20 cm.
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Erosjon begynner
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Figur 4: Kurver som indikerer partikkelstarrelse (dsg) som kan eroderes som funksjon av
giennomsnittlig stramhastighet over et gitt avstand til bunnen (H). Hentet fra NGI-rapport 20021244-4
(NGI 2005), modifisert etter van Rijn (1993).

Konklusjon: Erosjonslagets tykkelse settes til 20 cm i hele tiltaksomradet
(konservativt).

4.3 Bioturbasjonslag

Organismer som lever pa sjgbunnen kan grave seg ned i sedimentet. Det er imidlertid
vanlig & anta at den delen av sedimentet der det skjer en aktiv blanding av sedimentene
er mindre enn 10 cm tykk (Miljgdirektoratet 2012).

Konklusjon: Bioturbasjonslagets tykkelse settes til 15 cm i hele tiltaksomradet
(konservativt).
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4.4 Adveksjonslag

Adveksjonslag over vrakdelene
Trykkforskjellene som dannes av vannstrammen over fyllingen over vraket kan gi
adveksjon (stremning av vann) i tildekkingen.

Stgrrelsen pa trykkforskjellene og permeabiliteten i tildekkingsmassene vil bestemme
hastigheten av denne adveksjonen (se Figur 5).

Vannstrgm

Trykkreduksjon _ Erosjonssikring

Vrak av
U-864

Kvikksglvlast

Figur 5: lllustrasjonen viser eksempel péa trykkforskjeller som kan oppsta som fglge av vannstrgm
over tildekket vrak.

For a sikre seg mot adveksjon som falge av trykkforskjeller over vraket er det basert pa
transportberegninger utfart av NGI (teknisk notat 20130288-03-TN) anbefalt at en
trenger et 220 cm tykt lag med mineralske masser. | dette laget kan ogsa bioturb-
asjonslaget (15 cm) og det kjemiske isolasjonslaget (90 cm) innga slik at ngdvendig
tykkelse pa selve adveksjonslaget over vraket blir 115 cm.

For at adveksjonlaget skal oppna en hydraulisk ledningsevne pé& lavere enn 10™ cm/s
ma det bestd av masser med dip < 0,01 mm (betyr at 10 % av materialet er mindre
enn 0,01 mm). Det betyr at materialet i hele tildekkingen bgr besta av subbus med mye
finstoff (O — 2 eller 0 — 4 mm).

Et alternativ for & oppnd en tilstrekkelig reduksjon av adveksjonstransporten i
isolasjonslaget er & bruke et tynnere og tettere lag enn subbus som er det anbefalte
alternativet. Velger en for eksempel et adveksjonslag med bare 10 cm tykkelse ma det
bestd av materialer som har permeabilitet lavere enn 10™*° m? (hydraulisk ledningsevne
<10°° cm/s). Det mest egnede materialet for et slikt lavpermeabelt lag er derfor
sannsynligvis leirbaserte materialer, se kapittel 6. Det er generelt liten erfaring med
utlegging av finkornige masser pa store dyp og for leire er det ekstra utfordringer pa
grunn av de kohesive egenskapene (klebrig) til leiren. Dette ma evt. vurderes narmere
i detaljert design av tildekkingslaget.

Adveksjonslag i gvrige omrader

I gvrige omrader vil det kunne oppsta trykkforskjeller og dermed adveksjon omkring
mindre ujevnheter (1-50 cm) som steiner i erosjonslaget. Flere studier har veert utfart
for & dokumentere hvilken effekt dette har pa utveksling av stoffer mellom sediment og
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vannet over. Figur 6 viser skjematisk hvilket dyp denne effekten forventes basert pa
Huettel og Webster (2001).

Permeabilitet (m?)
1013 1012 1011

Diffusjons
dominert

20

Sediment dyp (cm)

30

Figur 6: lllustrasjon av prosesser som pavirker porevannstransport i sediment som funksjon av
permeabilitet og sedimentdybde. Fra Huettel and Webster 2001, og referanser i denne.

Dette studiet indikerer at bare de gverste 10 cm av permeable sedimenter (sandige) var
pavirket av adveksjon. Andre studier har sett effekt av adveksjon som fglge av
trykkforskjeller pa sedimentoverflaten forarsaket av stremning over ujevnheter pa
sjgbunnen ned til 25 cm (Rutger van der Loeff 1980).

For & veere sikker pa at det kjemiske isolasjonslaget ikke pavirkes av adveksjon gjgres
det en konservativ antakelse om at adveksjon kan pavirke de gverste 25 cm av
sediment (tilsvarende den stgrste effekten i disse to studiene). Deretter benyttes det en
sikkerhetsfaktor pa 1,5 som innebeerer et lag pa 40 cm.

Massene i bioturbasjonslaget kan bygges opp med samme type masser som
adveksjonslag slik at tykkelse avsatt til adveksjonslaget kan settes til 40 cm minus
tykkelse av bioturbasjonslag (15 cm), 40 cm — 15cm = 25 cm.

Massene bgr ha en hydraulisk ledningsevne som er mindre enn 102 cm/s. Dette kan
oppnas ved & bruke sandige masser eller subbus med en del finstoff med d;p < 0,1 mm.

Konklusjon: Adveksjonslagets over vrakdelene settes til 115 cm (konservativt). | resten
av det forurensede omradet settes adveksjonslagets tykkelse til 25 cm (konservativt).
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4.5 Kjemisk isolasjonslag

I det kjemiske isolasjonslaget, det vil si den delen av tildekkingslaget som ikke pavirkes
av bioturbasjon eller vannstrgm og trykkforskjeller, vil diffusjon veere den viktigste
mekanismen for transport av kvikksglv.

Isolasjonslaget designes til & begrense hastigheten av kvikksglvdiffusjon gjennom
tildekkingen. Dette vil begrense hvor mye kvikksglv som kan tilfgres overflate-
sedimentet der bunnfauna lever og dermed bidra til & minimere hvor mye som lekker ut
fra tildekkingen til vannet over. Transporten gjennom tildekkingen styrer dermed
kvikksglvkonsentrasjonen pa sjgbunnen etter tildekking.

Porevannskonsentrasjon av Hg

Kjemisk
jonslag

Sediment

1
1
1
Cporevann_forurenset
=40 ug/L

C

porevann_top_cap

Figur 7: lllustrasjon av konsentrasjonsgradient og transport av Hg gjennom tildekking som er
utgangspunktet for modellering av transport gjennom det kjemiske isolasjonslaget og bioturbasjons-
dypet. | denne modelleringen ser man bort fra de andre lagene, mens i den konstruerte tildekkingen
vil alle lagene veere tilstede og ytterligere hindre for transport av Hg gjennom tildekkingen.

Far noe kvikksglv kan lekke gjennom tildekkingen vil tildekkingsmassene binde opp
kvikksglv, mens det etableres en konsentrasjonsgradient gjennom tildekkingen som
styrer utlekkingen pa veldig lang sikt ("steady state™). Tiden det tar far kvikksglvet har
fylt opp bindingskapasiteten i tildekkingen kan veere pa flere tusen ar (DNV 2008).
Tykkelsen pa tildekkingen er beregnet slik at den skal oppfylle kravene til & beskytte
overflatesedimentet (<0,63 mg/kg i de gverste 2 cm) ogsa etter at bindingskapasiteten
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i tildekkingen er brukt opp. | denne fasen er det den forlengede diffusjonsveien

gjennom tildekkingen som begrenser transporten og dermed konsentrasjonen i overflate

sedimentet.

Tykkelse som tilfredsstiller miljgmalet er beregnet med en analytisk modell utviklet av
Prof. Danny Reible ved Texas Tech University (Lampert og Reible, 2009). Det er antatt
en kvikksglvkonsentrasjon pa 40 pg/L i porevannet nar det er i kontakt med rent
kvikksglv. | omrader hvor det er kvikksglvforurenset sediment (men ikke rent kvikksglv)
er det antatt en kvikksglvkonsentrasjon pa 2 ug/L i porevannet. Disse konsentrasjonene
er de samme som ble benyttet til beregning av transport i tidligere utredninger av
tildekkingsalternativet (DNV 2008). En kvikksglvkonsentrasjon pa 40 ug/L tilsvarer
konsentrasjonen i vann i likevekt med rent kvikksglv, mens 2 pg/L er om lag som
konsentrasjonene malt i porevannet i forurensede sedimentprgver fra like ved vraket
(NIVA 2005).

Denne antakelsen er konservativ siden 2 pg/L er malt i de mest forurensede
sedimentene, og konsentrasjonen i porevannet i resten av omradet sannsynligvis er
mye lavere. Resultatene av disse beregningene er oppsummert i Tabell 2.

Tabell 2: Tykkelse kjemisk isolasjonslag

Konsentrasjon i Konsentrasjon i

porevann= 40 pg/L porevann = 2 ug/L
Tykkelse ngdvendig i det kjemiske 87 cm 5cm
isolasjonslaget for & hindre utlekking og
dermed forurensing av de gverste 2 cm
som overskrider miljgmalet (0,63
mg/kg)

Konklusjon: Det kjemiske isolasjonslagets tykkelse over vrakdelene settes til 90 cm
(konservativt). | resten av det forurensede omradet settes det kjemiske isolasjonslagets
tykkelse til 5 cm (konservativt).
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4.6 Blandingslag

Det er skjgnnsmessig antatt at ved forsiktig utlegging av tildekkingsmassene vil disse
blandes inn i sedimentet under i en sone som tilsvarer 2 — 3 x stgrste kornstgrrelse pa
tildekkingsmassene. Kornstarrelsen for massene som benyttes antas a veere mindre enn
3 cm. Designtykkelsen pa blandingssonen kan derfor antas & vaere mindre enn 10 cm.

Blandingsdypet tilsvarer den tykkelsen nederst i tildekkingen som ikke kan forventes a
ha noen vesentlig effekt fordi forurensede sedimenter er fysisk blandet inn i
tildekkingsmassene.

Konklusjon: Blandingslagets tykkelse settes til 10 cm i hele tiltaksomradet
(konservativt).

4.7 Usikkerhet ved utlegging

Et ekstra lag som skal ta hgyde for usikkerhet i tykkelsen i tildekkingslaget ved
utleggingen er viktig for at tykkelsen ikke blir mindre enn designet tykkelse.

Usikkerheten ved utlegging er basert pa erfaring fra utlegging av fyllinger i forbindelse
med utlegging av rarledninger offshore. Her viser erfaring en typisk hgydeforskjell pa 30
cm mellom furene som dannes ved utlegging med rgr ned til bunnen. Betydelig vanndyp
og kupert topografi gjar at usikkerheten kan gke noe. Ujevnheten kan forventes &
minke med tiden. Dette reduserer effekten av usikkerheten i overdekning med tiden.
For a ta hgyde for usikkerheten og mulig avvik fra design under konstruksjonen av
tildekkingen er det derfor valgt a bruke en tykkelse pa 40 cm. Avhengig av erfaring med
den metoden for utlegging av tildekingsmasse som velges og planlegging av dette sa
kan denne tykkelsen bli stgrre eller mindre.

Konklusjon: Usikkerheten ved utlegging settes til 40 cm i hele tiltaksomradet
(konservativt).

4.8 Anbefalt tildekkingsdesign
Tabell 3 viser designet av tildekkingens tykkelse over vraket og forurenset sediment.

Tykkelse av tildekkingslaget som skal hindre utlekking av kvikksglv er 240 cm for det
mest forurensede omradet over og like ved vraket, og 65 cm i resten av det forurensede
omradet. For & ta hensyn til innblanding i bunnsedimentene og toleransegrenser for
utleggingsoperasjonen er det i tillegg estimert usikkerhetsmargin som legges til tildekk-
ingstykkelsen. Total forventet tykkelse av tildekkingslaget, inkludert denne usikker-
heten, er 290 cm like ved vraket og 115 cm i det gvrige omradet.
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Modellberegninger av transport av kvikksglv i tildekkingslaget viser at

utlekkingshastigheten forventes a bli redusert med mer enn 99 % med en slik

tildekking.

Tabell 3: Tildekkingsdesign med passiv tildekking

Like ved vraket Resten av forurenset
(adveksjonslag: omrade
fin subbus)

Erosjonslag 20 cm 20 cm

Bioturbasjonslag 15 cm 15 cm

Adveksjonslag (220 -90—-15cm) = (40 — 15 cm¥*) = 25 cm
115 cm™*

Kjemisk isolasjonslag 90 cm 5cm

Sum tildekking uten 240 cm 65 cm

usikkerhet

Tillegg for blandingslag 10 cm 10 cm

Tillegg for & ta hensyn til 40 cm 40 cm

usikkerhet ved utlegging

Total tykkelse av 290 cm 115 cm

tildekkingen

* Beregnet ved & trekke fra 90 cm tykkelse for det kjemiske isolasjonslaget og 15 cm tykkelse for

bioturbasjonslaget.

Ved beregning av mengde masser ma det ogsa innberegnes et tap av masse ut av
tildekkingsomradet. Dette vil veere avhengig av mengde finstoff i massene, stram-
forholdene og hvor langt over sjgbunnen massene slippes ut. Ekstra masser ngdvendig
for & dekke tap av masser er ikke tatt med i tabellen over.

Tykkelsen av tildekking vil fa konsekvenser for stgrrelse og utforming av motfyllingen
nedenfor vraket. Det ma derfor bestemmes et toleranseintervall som den totale
oppfyllingshgyden inkludert fyllinger omkring vraket og tildekkingen ma holdes innenfor.
Oppfyllingshgyden beregnes slik at tildekkingen tilfredsstiller bade de miljgtekniske
kravene til tildekkingstykkelse og krav til geoteknisk stabilitet lokalt og globalt.
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4.9 Handtering av usikkerhet knyttet til funksjon

Tildekkingen som er beskrevet for vrakdelene og gvrige omrader er basert pa
konservative antakelser:

e Det er lagt til grunn hgye konsentrasjoner i porevannet

e Det tas hensyn til adveksjon i tildekkingen som kan forarsakes av strgmning over
tildekkingen

e Det er lagt til ekstra sikkerhetsmargin i tykkelsen av lagene for & vaere sikker pa
at de oppfyller den tiltenkte funksjonen. En tykkelse pa 290 cm over vraket er
betydelig starre enn de fleste tildekkingslag som er benyttet i andre kjente
prosjekter.
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5 PROVETILDEKKING

I forbindelse med etablering av motfylling (se kapittel 3 og NGI (2006)) er det mulig a
utfgre en pravetildekking med de materialer som er foreslatt a inngd i tiltaket for passiv
tildekking. Hensikten er da & bruke samme fartgy for prgvetildekkingen som brukes for
motfyllingen.

Ved pravetildekking velges det ut et omrade pa sjgbunnen som ligger utenfor
tiltaksomradet som defineres som testomradet. Testomradet bgr ha fglgende
egenskaper:

- Det bgr ligge pa omtrent samme dybde som vrakdelene (150 m dyp)
. Bunnforholdene bgr veere omtrent tilsvarende det faktiske tiltaksomradet
. Massene legges i en terrenghelning pa ca. 1:3 som tilsvarer den helning som

massene er planlagt a bli plassert i ved ubatvrakene.
. Testomradet ber veere i storrelsesorden 50 x 50 m (2 500 m?)

Pravetildekkingen vil da forega i falgende rekkefglge (tilsvarende som planlagt for selve
tiltaket):

1. Utlegging av et 10 cm tykt blandingslag bestdende av sand pa de 2 500 m? som
utgjer testomradet (ca. 250 m®)

2. Utlegging av et 90 cm tykt kjemisk isolasjonslag bestdende av sand pa
testomradet (ca. 2 250 m?)

3. Utlegging av et 130 cm tykt bioturbasjons- og adveksjonslag av subbus pa
testomradet (ca. 3 250 m?)

4. Utlegging av et 20 cm erosjonslag av grus/pukk p& testomrddet (ca. 500 m?®)

I pravetildekkingen legges det ikke ut 40 cm ekstra for & kompensere for usikkerhet ved
utleggingen. Hensikten er a se hvor store avvik en far i forhold til designtykkelsen for a
fa et anslag pa reell usikkerhet ved utleggingen.

Utleggingen tilstrebes a foregd med samme fremdrift som fullskala tildekkingen. Det
som er spesielt vesentlig er tiden som subbuslaget ligger eksponert fgr erosjonslaget
utplasseres.

Oppfglgingen bgr gi svar pa starrelsen pa tapet av materiale som legges ut, samt
lagenes integritet og tykkelse.

Til oppfelgingen av tiltaket bgr det brukes en kombinasjon av akustisk oppmaling av
sjgbunnen (sonar), malepinner og ROV, samt at det tas kjerneprgver av tildekkingen.

I tillegg til utpregving av den foreslatte passive tildekkingen er det ogsa mulig & teste ut
utlegging av andre materialer som leire og aktiv karbon.
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6 ALTERNATIVE TILDEKKINGSMATERIALER

I tillegg til den anbefalte Igsningen med tildekking med inerte eller passive materialer
der virkematen er a forlenge diffusjonsveien for kvikksglv fra forurensningen pa
sjgbunnen og ut i vannet, kan det ogsa designes tildekking der massene i deler eller
hele tildekkingen har egenskaper som gker effekten av tildekkingen.

To viktige typer aktive tildekkingsmasser kan veere aktuelle ved tildekking av U-864:
- Masser med lav permeabilitet

. Alternativ for adveksjonslaget basert pa leirbaserte tetningsmaterialer
(se kapittel 4.4).

- Masser med hgy sorbsjonskapasitet for kvikksglv

. Et lag med masser med hgy sorbsjonskapasitet for kvikksglv vil binde
kvikksglv som diffunderer fra forurensningen i vraket og inn i
tildekkingslaget og kan dermed gke tiden fgr gjennombrudd av
kvikksglv gjennom tildekkingslaget.

. Aktuelle materialer som kan brukes i en slik aktiv tildekking er:
o] Aktivt kull
o] Leirbasert materiale med sulfid-grupper bundet til leiren

Felles for alle materialene som skal benyttes til tildekkingen og motfyllinger er at de ma
veere rene og tilfredsstille Miljgdirektoratets tildekkingsveileder (Miljgdirektoratet 2006).

Tildekkingsdesign med aktiv tildekking

Dersom det brukes aktive materialer som beskrevet ovenfor i tildekkingen vil disse
kunne erstatte deler av lagene i tildekkingsdesignet med passive materialer.

Dersom det skal benyttes aktive materialer ma det stilles krav til dokumentasjon av
funksjonalitet og til at det ikke gir ugnskede bieffekter. Slike krav kan stilles som en del
av anbudsprosessen eller det kan gjennomfagres et pilotprosjekt der prekvalifiserte
materialer eller tildekkingsdesign testes under like forhold.

En aktiv tildekking som binder kvikksglv vil ikke redusere utlekkingshastigheten ved
"steady state", nar hele tildekkingen er i likevekt med den konsentrasjonsgradienten
som transporten gjennom tildekkingen gir. En slik tildekking gjar at det tar sveert lang
tid til en slik "steady state"-tilstand oppstar og dermed tiden til det i det hele tatt kan
komme Hg gjennom tildekkingen (>>1000 ar). Over sa lang tid kan geologiske
endringer pavirke omradet der forurensingen ligger noe som uansett vil vaere vanskelig
a inkludere i designet. P& bakgrunn av dette kan det argumenteres for at et slikt lag
med masser med hgy sorbsjonskapasitet for Hg kan erstatte det meste av det kjemiske

isolasjonslaget.

Et aktivt lag vil kunne legges ut som et 5 — 20 cm lag der tykkelsen bestemmes av
hvordan laget skal legges ut. Dersom laget legges ut sydd inn i geotekstiler vil dette
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kunne veere sa tynt som 5 cm, hvis det legges ut som granuleere masser vil laget
sannsynligvis matte veere 10 — 20 cm og med 10 cm beskyttelseslag bestdende av
sandige masser mellom adveksjonslaget og det aktive laget. Dette gir en anslatt
tykkelse av det (aktive) kjemiske isolasjonslaget pa 15 — 30 cm.

Dersom aktivt kull eller andre materialer som inneholder organiske materialer skal
benyttes, ma kravet i Miljgdirektoratets tildekkingsveileder om maksimum 0,5 % TOC i
tildekkingsmaterialet sees bort fra, men det ma da dokumenteres at det organiske
materialet i tildekkingsmaterialet er inert og ikke brytes ned. Dette er viktig bade for a
unnga gassdannelse i tildekkingen og for & hindre gkt metylering av kvikksglv.

Tabell 4 viser at den totale tildekkingstykkelsen kan reduseres med 85 — 160 cm ved a
bruke alternative (aktive) tildekkingsmaterialer.

Tabell 4: Anbefalt (passiv) tildekkingsdesign like ved vraket sammenlignet med: lavpermeabelt lag
ved vraket (alt. A), aktive lag like ved vraket (Alt. B) og sorbsjonslag like ved vraket (Alt. C). Tykkelse
er bare beregnet for omradet nsermest vraket med utgangspunkt i 40 pg/L Hg i porevannet.

Kun passiv Alt. A: Alt. B: Alt. C:

tildekking — .

i) Lav-permeabelt Aktiv tildekking Lav-permeabelt
lag (leirbasert med sorpsjon lag og
adveksjonslag) av Hg sorbsjons-

materiale
Erosjonslag 20 cm 20 cm 20 cm 20 cm
Bioturbasjonslag 15cm 15 cm 15cm 15 cm
Adveksjonslag (220 -90—-15 10cm (leire) + (220—-15-15 10 cm (leire) +
cm*) =115cm 20 cm cm)* =190cm 20 cm
beskyttelse beskyttelse
Kjemisk 90 cm 90 cm 15 cm 15 cm

isolasjonslag

Sum tildekking 240 cm 155 cm 240 cm 80 cm
uten usikkerhet

Tillegg for 10 cm 10 cm 10 cm 10 cm
blandingslag
Tillegg for a ta 40 cm 40 cm 40 cm 40 cm

hensyn til usikker-
het ved utleggingen

Total tykkelse av 290 cm 205 cm 290 cm 130 cm
tildekkingen
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7 BESKRIVELSE AV PLASSERING AV TILDEKKINGSMASSER

Det forutsettes at samme strategi for plassering av tildekkingsmasser kan brukes
uansett hvilket tildekkingsalternativ som velges. Det er i denne beskrivelsen forutsatt at
det tildekkes med mineralske masser (passiv tildekking), som beskrevet i kapittel 4.
Endelig valg av lgsning ma fremkomme som resultat av detaljert design.

7.1 Hensikt med plassering av tildekkingsmasser

Hensikten med plasseringen av tildekkingsmassene er & tildekke vrakdelene og
kvikksglvforurenset sjgbunn rundt U-864.

Merknad: For alternativet med heving av last vil det i forkant bli lagt et beskyttende lag
pa bunnen langs kjglen der hvor man vil ga inn for & hente ut kvikksglvet. Det vil veere
enten en geotekstilduk eller et sandlag. Hensikten er a beskytte dette omradet mot
spredning av kvikksglvforurensede sedimenter under selve tiltaket.

7.2 Utstyr til plasseringen av tildekkingsmasser

Ved valg av utstyr for tildekkingen bgr det legges vekt pa & bruke eksisterende og kjent
teknologi. Det finnes i dag farteyer i markedet for bl.a. tildekking av rgrledninger pa
store dyp og lignende oppgaver. Slikt utstyr har kapasitet til & transportere forholdsvis
store mengder masser fra kai pa fastlandet og ut til vrakstedet.

P& Figur 8 er det vist et eksempel pa et fartay som utfgrer slik tildekking. Disse
fartgyene kan fgre masser ned til over 1 000 m vanndyp og kan frakte over 20 000 tonn
masser. Fartgyet er utstyrt med et fleksibelt nedlgpsregr og i enden av nedlgpsrgret er
en diffusor. Diffusor er utformet slik at en far en jevn og kontrollert fordeling og
plassering av massene pa sjgbunnen under utlegging.

Bruk av fartayer med fleksibelt nedlgpsrar behgver noe tilpasning for & veaere effektive til
tildekking av store arealer da de i hovedsak er beregnet for ngyaktig tildekking av
rgrledninger. P& engelsk kalles de for "Fallpipe vessels" og baserer seg i stor grad pa at
massene faller til bunns ved egen tyngde. De egner seg for ngyaktig plassering av
materialet.
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Figur 8: @verst: Fartgy som brukes for tildekking av rgrledninger. Figur til venstre viser fartgyet og
nedfaringsrgret. Figur til hgyre viser en detalj av selve diffusoren som er i enden av nedfgringsrgret og
som fordeler massene pa sjgbunnen. Fra www.vanoord.com. Nederst: En trailing suction hopper
dredger (TSHD). Fra: www.theartofdredging.com

En annen mulighet er & bruke en «trailing suction hopper dredger» (TSHD) med
tilpasset utstyr for & spre massene utover bunnen (se Figur 8 nederst). Denne kan ogsa
hente materialet selv i nseromradet hvis det finnes aktuelle steder med tilgjengelige
masser pa sjgbunnen. En kombinasjon av fartay med fleksibelt nedlgpsrgr og TSHD kan
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veere et godt alternativ. Fallpipe kan arbeide ngyaktig pa begrenset omrade mens TSHD
kan dekke de store arealene.

7.3 Rekkefglge pa utleggingen

Tildekkingen er det siste som skjer pa stedet. Det vil si at alle aktiviteter som kan
medfare spredning av forurensning (kvikksglvforurenset sediment) skal veere avsluttet.
Den eneste aktiviteten i forkant av tildekkingen som medfgrer utlegging av masser er
motfyllingen i skrdningen for & hindre utglidning av forseksjonen.

I de fglgende to delkapitlene er rekkefglgen pa tildekking naermest vraket og i resten av
det kvikksglv-forurensede omradet beskrevet. Det forurensede omradet er definert ved

at sjgbunn skal tildekkes, der hvor tilstandsklasse 2 for kvikksglv (0,63 mg Hg/kg) i det
gverste laget er overskredet(DNV GL, 2014a). De oppgitte tykkelsene tar utgangspunkt
i en passiv tildekking. Hvilken tykkelse som trengs for andre typer tildekkingsmasser er
oppgitt i det foregaende kapitlet.

7.3.1 Rekkefglge pa tildekking neermest vraket
Rekkefglgen pa tildekkingen naermest vraket er fglgende:

1. Farst legges blandingslaget ut pa hele tildekkingsomradet. Blandingslaget bestar
av sand eller lignende og har en tykkelse pa 10 cm. Det utfgres en ngyaktig
oppmaling og kontroll av laget far en fortsetter med tildekkingen. Blandingslaget
kontrolleres og ma vaere rent far videre tildekking kan fortsette.

2. Deretter legges lag med sand pa til sammen 90 cm (kjemisk isolasjonslag). Dette
legges ut i flere lag (minimum 3). Etter utlegging av hvert lag utfgres en kontroll
og oppmaling av laget fgr en gar videre.

3. Etter dette legges lag pa til sammen 130 cm med fin subbus (bioturbasjonslag og
adveksjonslag). Dette legges ut i flere lag. Etter utlegging av hvert lag utfgres en
kontroll og oppmaling av laget fgr en gar videre.

4. Til slutt legges erosjonslaget pa 20 cm som bestar av grus/pukk eller lignende.

Dette gir en samlet tykkelse pa 250 cm. | tillegg legges det inn en usikkerhetsmargin pa
40 cm for & ta hensyn til usikkerhet i utplasseringen. Total tykkelse pa tildekkingen blir
da 290 cm over vrakdelene, inkludert tillegg for usikkerhet (for mer detaljer, se

kapittel 4.8).
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7.3.2 Rekkefglge pa tildekking i resten av det forurensede omradet
Rekkefglgen pa tildekkingen i resten av det forurensede omradet er fglgende:

1. Farst legges blandingslaget ut pa hele tildekkingsomradet. Blandingslaget bestar
av sand eller lignende og har en tykkelse pa 10 cm. Det utfgres en ngyaktig
oppmaling og kontroll av laget far en fortsetter med tildekkingen.

2. Deretter legges lag pa til sammen 45 cm med sand eller fin subbus
(adveksjonslag, bioturbasjonslag og kjemisk isolasjonslag). Dette legges ut i flere
lag (minimum 2). Etter utlegging av hvert lag utfares en kontroll og oppmaling av
laget far en gar videre.

3. Til slutt legges erosjonslaget pa 20 cm som bestar av grus/pukk eller lignende.

Det gir en samlet tykkelse pa 75 cm. | tillegg legges det inn en usikkerhetsmargin pa 40
cm for & ta hensyn til usikkerhet i utplasseringen. Total tykkelse pa tildekkingen blir da
115 cm i resten av det forurensede omradet, inkludert tillegg for usikkerhet (for mer
detaljer, se kapittel 4.8).

Utleggingen av diffusjonslaget foreslas & forega fra spesialfartgy som kan fgre ned
massene til naer sjgbunnen (1-5 m over) for a sikre en kontrollert utlegging. Massene
fares ned gjennom et fleksibelt nedfgringsrgr med en diffusor nederst, se kapittel 7.2.

Kontroll av tildekkingstykkelser bgr utfgres med ekkoloddmalinger, malestaver, SPI-
kamera (Sediment Profile Imaging) etc. Metoder for slik kontroll er neermere beskrevet i
kapittel 8.
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Figur 9: Kart som viser alle analyser av kvikksglv i overflatesediment inndelt i tilstandsklasser. Areal
innenfor gul linje er 47 000 m2 og viser sedimenter som ligger over tiltaksmalet (0,63 mg Hg/kg
sediment) og som tildekkes med 1,15 m masser. Areal i det rede omradet (naermest vraket) dekkes til
med 2,90 m masser.

7.4 Kornstgrrelse pa dekkmateriale

Kornstgrrelsen pa erosjonslaget er anslatt til dso >30 mm, med minste kornstgrrelse pa
10 mm og sterste kornstgrrelse pa 60 mm.

Veileder TA-2143/2005 fra SFT (n& Miljgdirektoratet) inneholder krav til kornstarrelse
for diffusjonslaget (her kalt «filter») i forhold til de underliggende sedimentene:

«Tildekkingsmassene skal tilfredsstille flere krav som til dels er motstridende. For best
mulig effekt med hensyn pa a hindre fremtidig forurensningsspredning ved diffusjon fra
sedimentet som skal tildekkes, bgr tildekkingsmassen veere forholdsvis finkorning.
Tildekkingsmassene ma ogsa ha en kornfordeling som hindrer sammenblanding av
massene. Samtidig ma tildekkingsmaterialet ha tilstrekkelig permeabilitet (evne til &
slippe gjennom vann) til & tillate en viss drenasje av porevann fra det underliggende
sedimentet. Forurensede, finkornige marine sedimenter (leire og silt) er vanligvis lgst
lagret. Enhver tildekking — naturlig eller kunstig — vil gi sammenpressing av disse
sedimentene og dermed et midlertidig gkt poretrykk. Dette poretrykket vil redusere den
geotekniske stabiliteten og er derfor ikke gnskelig. For & redusere overtrykket, bar
masser for tildekking av finkornige sedimenter ha noe hgyere permeabilitet
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enn de forurensede sedimentene, men tildekkingsmassen ma ikke veere s grovkorning
at en ogsa risikerer utvasking av finstoff fra sedimentet gjennom tildekkingen. Det kan
derfor i enkelte tilfeller veere gnskelig & legge pa tildekkingen i flere omganger.

Siden tildekkingslaget normalt ikke er utsatt for store trykkforskjeller og vannstremmer
vil vi anbefale fglgende relasjon:

2*d;5 (sediment) < djs (filter) < 5*dgs (sediment)

Hvor: dis 0g dgs er den korndiameteren som 15 %, henholdsvis 85 % (vekt) av kornene
er mindre enn.

Disse verdier leses ut av kornfordelingskurvene for materialene.

Kravet dis (filter) < 5*dgs (sediment) sikrer mot utvasking av finstoff gjennom
tildekkingslaget mens kravet

2*d;5 (sediment) < dis (filter) skal sikre at tildekkingslaget har tilstrekkelig
permeabilitet til & hindre overtrykk i sedimentet».

Det siste kravet ma kanskje fravikes i og med at permeabiliteten skal begrenses.

Tilsvarende anbefalte relasjoner bgr ogsa brukes for forholdet mellom diffusjonslaget og
erosjonslaget.

Til massene som skal brukes i adveksjonslaget ma den hydrauliske ledningsevnen veere
mindre enn 10™ cm/s. Dette kan oppn&s ved & bygge opp dette laget slik at det bestar
av masser med dig < 0,01 mm.

7.5 Andre krav til dekkmateriale

| tillegg til kornstarrelse inneholder tildekkingsveilederen fra Miljgdirektoratet (2006)
andre forslag til krav til masser til bruk for tildekking av forurensede sedimenter.

Massene skal veere rene og ikke overskride akseptverdier for totalinnhold av de
forbindelser som er oppgitt i veilederen, se Tabell 5.
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Tabell 5: Trinn 1 vurdering. Akseptverdier for totalinnhold av forbindelser i tildekkingsmaterialet

(mg/kg ts), ref. Miljgdirektoratet (2006).

Parameter Oppmudrede Andre masser
Totalt organisk karbon (TOC) 10 000 (1 %) 5 000 (0,5 %)
Arsen 20
Bly Jfr. tilstandsklasse Il | 60
Kadmium for metaller og 1

organiske miljggifter
Kopper 100

generelt
Krom SFT TA-1467/1997 [0
Kvikksglv (nd TA-2229/2007) | %63
Nikkel 50
Sink 150
Jern ingen verdi
Mangan ingen verdi
Sum PAH 16 2
Benzo(a)pyren 0,05

Andre krav som stilles i veilederen er:

Kornfordeling

Tildekkingsmassenes kornfordeling skal bestemmes iht. NS 8005. Masser med stgrre
innhold av materiale < 0,075 mm enn 5 % og/eller med belegg pa sterre partikler, skal
vatsiktes.

Permeabilitet

Permeabiliteten av tildekkingsmasser skal bestemmes. Det kan vanligvis bestemmes
med tilstrekkelig ngyaktighet ved beregning ut fra kornfordelingskurven, jfr. vedlegg B i
veilederen. For finkornede materialer (silt/leire) kan permeabiliteten om gnskelig
bestemmes ved ulike geotekniske laboratorieforsgk.

Densitet og korndensitet

Forventet densitet etter nar tildekkingsmassen er lagt ut. Kan bestemmes i
laboratorium. Korndensitet bestemmes vanligvis iht. NS 8012.
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Egnethetsvurdering basert pd fysiske egenskaper

For & fastsla tildekkingsmaterialets egnethet ma de fysiske egenskapene til tildekkings-
materialet vurderes i forhold til tilsvarende egenskaper i de forurensede sedimentene,
samt de lokale sjg- og bunnforhold, anleggstekniske forhold.

De krav som stilles til massene skal imgtekommes ved etablering av et
godkjenningsregime for masser som alle masser som skal utplasseres skal gjennomga.

7.6 Konsolidering/setninger

Ved tildekking med mineralske masser som sand og grus vil tildekkingslaget raskt
konsolidere og dette forventes ikke utgjgre noe problem. Derimot vil vekten av tildekk-
ingslaget kunne gi setninger pa selve sjgbunnen.

7.7 Avslutning

Etter tildekking ma det utfares kontroll av at tykkelsen er i henhold til de krav som er
stilt. Dette kan gjgres ved a foreta en ngyaktig oppmaling av sjgbunnen fgr og etter
tildekkingen, og kontrollere tykkelsen ved a utfare differansemalinger. Typisk utstyr for
slike malinger vil vaere sonar/multistrale ekkolodd (se kapittel 8).

7.8 Handtering av usikkerheter ved utlegging

Folgende faktorer vurderes som de viktigste usikkerhetene i forbindelse med utlegging
av tildekkingen:

« Areal som ma tildekkes — bgr kunne vurderes forholdsvis ngyaktig da det er tatt
mange sedimentprgver.

« Volum av masser (volum av tildekkingsmasser og motfyllingsmasser) — det finnes
et godt kartmateriale slik at dette kan vurderes med god ngyaktighet

« Egnede dekkmasser — sa langt vurdert basert pa erfaringer fra andre prosjekter,
materiale bgr ogsa testes pa laboratorium samt pa stedet

« Kontroll av tildekkingstykkelse — er beskrevet (malestaver, SPI-kamera og
sonar/ekkolodd) men bgr ogsa testes ut, da det ikke tidligere er gjort tilsvarende
pa sa store dyp

e Setninger — beregnes av geotekniker men kan ogsa males nar motfyllingen er
lagt ut, motfyllingen er forventet a bli lagt ut i god tid far tildekkingen starter

« Tildekking av vraket — vraket vil pa et eller annet tidspunkt synke sammen,
tildekkingen er sa tykk at den skal tale dette, avbgtende tiltak bgr imidlertid
veere pa plass
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8 KONTROLL AV TILDEKKINGEN

8.1 Fysisk kontroll

Den viktigste fysiske parameteren som ma overvakes under og etter tildekkingen er
tykkelsen pa tildekkingslaget. Kornstgrrelse i materiale i tildekkingen og poretrykks-
oppbygging under tildekkingen bgr ogsa inngd i overvakingen.

8.1.1 MaAlestaver

Malestaver som settes ut i omradet for tildekkingen starter brukes til & lese av visuelt
hvor mye tildekkingsmasse som er lagt ut der malestaven star. Malestavene settes
gjerne ut i et pa forhand definert mgnster og kan leses av flere ganger underveis og nar
utfyllingen er avsluttet. Avlesningen gjgres gjerne med ROV.

Folgende faktorer ma handteres ved bruk av malestaver:

« Malestavene kan velte som fglge av utlegging av tildekkingsmasse pa disse.
Malestavene ma derfor plasseres slik at de star tilnsermet vinkelrett pa sjgbunnen
gjennom hele utplasseringen av tildekkingslaget. En robust plassering av disse
kan veere saerlig utfordrende dersom sjgbunnen er ujevn og dersom malestavene
skal veere sveert lange for & male stor mektighet av tildekking. Like ved vraket
kan mektigheten pa tildekkingen bli opptil 7 m.

« Darlig sikt under utlegging av tildekkingen kan gjare det vanskelig & lese av
malestavene

» Malestaver gir overvakning av tykkelse kun der de er plassert og gir ingen
informasjon mellom stavene. Av erfaring vet man at avvik i utfgrelsen av en
tildekking kan veere sveert lokal.

o Konflikt med andre operasjoner pa eller ved vraket

Malestaver er benyttet for kontroll av tildekkingstykkelse ved andre prosjekter med
tildekking av forurensede sedimenter blant annet ved tildekkingen av deponerte
mudrede masser ved Malmgykalven i indre Oslofjord. Den overordnede konklusjon fra
dette prosjektet var at denne metoden fungerer hvis det eksisterer et godt system for
avlesning, merking, loggfering (id for hver stav og skala) og generell oppfglging.

Antall malestaver og plassering ma koordineres med entreprengr slik at det ikke oppstar
konflikt med andre operasjoner pa vrakdelene. | utgangspunktet er det tenkt rundt 40
malestaver i tiltaksomradet. Da dette er punktmalinger sa er et relativt hgyt antall
malestaver ngdvendig for & fange opp variasjon i utlagt tykkelse. Malestaver i
kombinasjon med ROV undersgkelser og ekkoloddmalinger ansees som en god
kombinasjon i forhold til kontroll pa tykkelser og utbredelse av tildekkingsmaterialet.

I sterrelsesorden 10 malestaver konstrueres slik at de ogsa kan fungere som prgve-
takingsbrgnner. Dette for a gjgre det mulig & overvake kvikksglvkonsentrasjonene over
isolasjonslaget (dvs. under erosjonslaget) i et langtidsperspektiv (se Kapittel 10).
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Brgnnene ma designes slik at det kan benyttes ROV til & ta prgvene.

8.1.2 Ekkoloddmalinger

Geofysiske malinger er en egnet metode for & méale vanndypet, i praksis overgangen
mellom sjgbunnen og vannsgylen. Bruk av ekkolodd (multistrale) er en konkret relevant
metode. Fordelen er at metoden dekker hele tiltaksomradet med stor opplgselighet. Det
ber kjgres tette linjer som dekker hele tiltaksomradet og undersgkelsen bgr designes
slik at usikkerheten i malingene minimaliseres.

Slike malinger kan med fordel kombineres med andre typer malinger som eksempelvis
malestaver for & korrigere for feilkilder i malingene.

Bruk av ekkoloddmalinger bgr planlegges ngye i forhold til formalet slik at
ungyaktigheten i malingene sees i sammenheng med hva som gnskes oppnadd.
Eksempelvis ma ikke malingenes usikkerhet veere stgrre enn tykkelsen pa lagene som
skal kontrolleres. Fglgende feilkilder ma handteres ved ekkoloddmalinger:

e Type teknologi/ekkolodd (multistrale, enkeltstrale)

e Posisjoneringsfeil som overfgres direkte til dybderegistreringen
e Batens bevegelser (rull, hiv, kurs og stampfeil)

e Feil i sensorens posisjon

e Feil i dypgaende

o Tidsfeil: En tidsfeil mellom navigasjonssystemet og ekkoloddet overfgres direkte
til en posisjonsfeil for dybderegistreringen

e Lydprofilen: Maling av lydfart er avgjgrende og ma bestemmes hver gang det
gjegres malinger

e Feil i ekkolodd
 Inntrengningsdybden. Avhengig av bunnens beskaffenhet, eksempelvis fjell, leire

e Vannstandsfeil

Kontraktegr bagr oppgi hvordan malingene er tenkt gjennomfgrt samt usikkerhetene i
disse. Opplysningene bgr verifiseres av tredjepart, eksempelvis Kartverket.

Andre feilkilder er relatert til setninger av sjgbunn og tildekkingsmasse som:

e Setninger i sjgbunnen vil kunne registreres som en mindre heving av sjgbunnen
enn mengde utlagt masse skulle tilsi. Dette kan da tolkes som en tynnere
tildekking selv om tykkelsen er korrekt.

o Setninger i tildekkingsmassene Vil registreres som tynnere tildekking med
ekkoloddet en hva som faktisk er tilfellet

Generelt ma strategien for malingene inkludere:
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e Oppmaling av tiltaksomradet for tiltaket starter (baseline). Malingene far tiltaket
starter skal veere av hgy og samme kvalitet som malingene som planlegges
under og etter tiltaket

e Oppmalinger etter utlegging av ulike lag, altsa underveis i tiltaket, som kontroll
pa at utlekkingen er i henhold til design.

e Oppmalinger ved sluttfaring av tiltaket som dokumentasjon pa at tykkelsen er i
henhold til design

e Loggfaring og distribusjon av resultater

I tillegg er ekkoloddmalinger et nyttig verktay for entreprengr. Dette kan gi nyttig
informasjon om fremdrift og kvalitet i det daglige.

1. Baseline 2. Kontroll ved utlegging av lag 3. Sluttkontroll

8.1.3 Sediment Profiling Imaging (SPI)

Sedimentprofil kamera (sediment profile imaging (SPI)) er en kamera prisme som
montert pa en tripod kan penetrere sjgbunnen og fotografere et profil av sjgbunnen
gjennom en pleksiglassplate i prismet. SPI-kamera har vaert mye brukt til &
karakterisere gkologisk tilstand pa sjgbunnen, og har i den senere tid ogsa vaert noe
brukt til & dokumentere tykkelsen til relativt tynne lag med tildekking. SPI kamerat kan
penetrere sjgbunnen og ta et profilbilde av de gverste 20-30 cm av sedimentet og
bruken begrenser seg derfor til tildekkingslag med noen fa desimeters tykkelse.
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Foto: Beylich, NIVA

Figur 10: Venstre: Tripod med SPIl-kamera. Hagyre: SPI-bilde av tildekkingslag fra Opticap
tynntildekkingsfelt (www.niva.no)

Metoden kan derfor brukes til & kontrollere tykkelsen av de fagrste lagene med tildekking
som legges ut ved U-864, dersom tildekkingen blir lagt ut i tilstrekkelig tynne lag. For
tildekkingslag som er tynnere enn 15 cm, ansees denne metoden som mer ngyaktig en
malestaver. Bruk av SPI kamera kan benyttes som stikkpragver og kan gjgres pa ikke
planlagte punkter i motsetning til malestaver som bare kan brukes pa forhand planlagte
punkter.

Hovedproblemet med denne metoden er at den ikke kan brukes til & kontrollere
tykkelsen av ferdig utlagt tildekking fordi den da blir for tykk. SPI-kamera kan imidlertid
veere en nyttig metode for & kontrollere at de farste lagene med tildekking gir forventet
tykkelse.

« MaAling med SPl-kamera gir bare punktmalinger og ingen informasjon mellom
disse punktene. Malingen kan likevel gjgre relativt tett og derfor gi relativt god
opplgsning ved behov.

« Grove masser og stein eller bart fjell under tildekkingen kan gjgre det vanskelig &
penetrere tildekkingslaget eller sjgbunnen under tildekkingen.

DNV GL — www.dnvgl.com Side 38



VEDLEGG V0.02 Miljgtiltak ved vraket av U-864
Design av tildekking og kontroll av utlegging

8.1.4 Cone Penetrating Testing (CPT)

"Cone Penetration testing" (CPT) er en mye brukt metode i geotekniske undersgkelser
der en spiss (cone) presses ned i grunnen mens spissmotstand registreres. | CPT-
malinger er det vanlig & male poretrykk og sidefriksjon pa spissen som presses ned i
grunnen, i tillegg til spissmotstand. De ulike parameterne som registreres brukes til &
skille ulike typer masser i grunnen og kan derfor kanskje brukes til & skille tildekkings-
massen fra underliggende sjgbunn. Dette forutsetter at det er tilstrekkelig forskjell i
egenskapene til sedimentet i sjgbunnen og tildekkingsmassen og at disse kan
registreres med CPTen. Sannsynligheten for at massene som vil bli brukt som
tildekkingsmasser vil veere tilstrekkelig forskjellig fra sedimentet pa sjgbunnen er stor.

il
1!

]

Figur 11: Prinsipp for bruk av CPT med sjgbunnsramme,. Venstre: eksempel pa sjgbunnsramme for
CPT.

CPT er ofte konstruert for & presse spissen 3 m ned i grunnen i ett dytt. Dersom det
skal males dypere enn dette ma det enten brukes en CPT-med lengre stang eller s& ma
det bores gjennom det testede laget fgr en ny test kan starte.

« Denne metoden gir ogsa bare punktmalinger av tykkelse, men som for SPI-
kamera kan opplgsningen forbedres ved a bruke CPTen i mange punkter.

e CPTen vil f& problemer med & penetrere gjennom hele tildekkingslaget dersom
massene er for grove eller for tett lagret. Problemer med at CPT-spissen skades
under testingen kan veere et problem i for grove masser.

8.1.5 Poretrykksmalinger

Nar lasten pa sjgbunnen gkes ved at motfyllingsmasse og tildekkingsmasse legges pa
sjgbunnen, vil kornene i sedimentet under de utfylte massene pakkes tettere slik at det
farer til gkt trykk i porene mellom kornene (poretrykksoppbygging). En slik poretrykks-
oppbygging kan redusere styrken i jorden der poretrykket gker og dermed stabiliteten
til tildekkingslaget.
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Poretrykksmalere kan derfor plasseres i grunnen under tildekkingen for & overvake

denne poretrykksoppbyggingen og for & kunne avbryte tildekkingen dersom stabiliteten

svekkes slik at den ikke lenger er tilfredsstillende. Poretrykksmalerne utstyres med

dataoverfgring til land for online overvakning av utviklingen. Antall poretrykksmalere og

design bgr vurderes av geotekniker.

8.1.6 ROV

ROV vil sannsynligvis veere operativ under hele operasjonen og kan benyttes til &
kontrollere utleggingen av dekkmassene. Den primeere hensikten med & bruke ROV er
en generell visuell inspeksjon av overflaten, eksempelvis undersgke at det ikke er
hauger med tildekkingsmasse men at massene er lagt relativt homogent ut pa
overflaten. ROV kan benyttes ved ulike faser av tildekkingen, eksempelvis ved &
undersgke under utlegging og som sluttkontroll. I tillegg er det mulig & utstyre ROV
med andre typer sensorer ved behov.

Det foreslas at ROV undersgkelsene baseres pa et grid med relativt tette linjer mellom.
Gridet trenger ikke vaere forhandsdefinert eller likt hver gang da det ansees som
hensiktsmessig & ha en tildels tilfeldig tilnserming til transektlinjene innenfor tiltaks-
omradet.

Det ma planlegges en loggfering av eventuelle avvik som minimum inneholder en
beskrivelse av avviket og koordinater. En konseptskisse er vist under.

8. 10. 12.

Figur 12: Konseptskisse for grid for ROV.
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8.2 Kjemisk kontroll

8.2.1 Kontroll under tiltaket

Det anbefales a ta prgver av overflatesediment for & male konsentrasjonene av
kvikksglv i utlagte tildekkingsmasser. Det foreslas fglgende strategi:

* Fogrste prgvetakingsrunde gjgres etter at entreprengr anser seg ferdig med
blandingslaget, som en verifikasjon pa at overflaten er ren.

« Prgvene tas i et grid med 25-30 stasjoner, se Figur 13 som eksempel.

Figur 13: Forslag til grid for prgvetaking av overflatesediment i forbindelse med kontroll under
tiltaket.

* Prgvene tas fortrinnsvis med en corer eller grabb og de gverste 0-2 cm
analyseres for Hg.

« Akseptkriteriet er satt til 0,63 mg Hg/kg som tilsvarer klasse Il (Miljgdirektoratet
2007).

Neermere informasjon om akseptkriterier under og etter tiltaket er gitt i delutredning
V0.01 «Miljgmal og akseptkriterier for tiltak ved U-864 (DNV GL, 2014a)
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9 SLUTTKONTROLL AV TILTAKET
Sluttkontroll av tiltaket foreslas basert pa fglgende tre hovedaktiviteter:

1. Akustisk oppmaling av hele tiltaksomradet
2. Avlesing av malestaver

3. Prgvetaking av overflatesediment og porevann

9.1 Akustisk oppmaling

Nar tiltaket er ferdig gjegres en ny akustisk maling som en kontroll pa at planlagt
tykkelse og utbredelse (areal) pa tildekkingslaget er oppnadd. Dette gjgres ved &
sammenlikne med referansedataene (for tiltaket startet). Disse avsluttende malingene
er ogsa et utgangspunkt for a fglge eventuelle endringer i dekklaget over tid.

9.2 Avlesning av malestaver

Avlesning av etablerte malestaver utfgres ogsa helt til slutt som en kontroll pa at
planlagt tykkelse og utbredelse pa tildekkingslaget er oppnadd. Disse dataene kan
sammenstilles med den akustiske oppmalingen.

9.3 Prgvetaking av overflatesediment og porevann

Prgvetaking av overflatesediment og porevann gjgres som en kontroll pa konsen-
trasjoner av kvikksglv i endelig topplag av sedimentet. Denne type prgvetaking er
tidligere beskrevet i DNV (2008). Denne prgvetakingen ma gjares far etableringen av
erosjonslaget.

Et forslag til pregvetakingsstrategi for sediment er a etablere 25-30 stasjoner innenfor
tiltaksomradet i et grid. | tillegg bar det tas praver utenfor tiltaksomradet som en sjekk
pa eventuelle omrader som kan ha blitt kontaminert som faglge av tiltaket (eksempelvis
spredning av forurenset sediment fra graving/mudring utover tiltaksomradet), i
stagrrelsesorden 15-20 prgver bgr tas utenfor tiltaksomradet. Prgvetakingsstasjoner er
illustrert i Figur 14. Detaljert antall og plassering av prgvetakingspunktene spesifiseres i
et detaljert overvakingsprogram. Ngyaktig plassering av prgvetakingsstasjonene ma
gjeres i felt basert pa der det er mulig a ta prgver. Eksempelvis er det vanskelig & ta
praver i omrader med relativt grovt sediment (sand) eller hardbunn.

Prgvene tas med en grabb eller kjerneprgvetaker. Denne type prgver kan tas bade fra
bat eller ved bruk av ROV. Ved bruk av ROV er kjerneprgvetaking mest relevant.

Tre replikate prgver fra hver stasjon kan analyseres som en blandprgve. Det tas prgver
av overflatelaget (0-2 cm) og et dypere lag, eksempelvis 2-5 cm.

Antall porevannsprgver kan veere feerre enn antall sedimentprgver. Et utgangspunkt er
at 10 av sedimentstasjonene ogsa prgvetas for porevann. Fra disse stasjonene tas det
ut separate sedimentpraver (stagrrelsesorden 500 g vatvekt) fra sjiktet 0-5 cm.
Porevannet kan tas ut i laboratorium ved eksempelvis under trykk med inert gass og
filtrering (0,45 pm) eller ved sentrifugering. Prgvene kan analyseres bade for
elementaert kvikksglv (Hg) og metylkvikksglv).
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Figur 14: lllustrasjon av plassering og antall prgvetakingsstasjoner for sluttkontroll av sediment.
Grgnne kryss representerer stasjoner innenfor planlagt tiltaksomrade mens svarte kryss representerer
stasjoner utenfor tiltaksomradet.
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10 LANGTIDSOVERVAKING

Langtidsovervaking er ogsa beskrevet i DNV (2008) og DNV GL (2014a og 2014b).
Hensikten med langtidsovervakingene er primaert:

e Overvake effekten av tiltaket over tid

e Overvake tildekkingslagets integritet

10.1Overvake effekten av tiltaket over tid
Overvakingen kan inkludere fglgende aktiviteter:

e Overvaking av kvikksglvinnholdet i fisk og krabbe
e Overvaking av kvikksglvkonsentrasjoner i etablerte brgnner

e Overvaking av utviklingen av bunnfaunen

10.1.1 Overvaking av kvikksglvinnholdet i fisk og krabbe

Overvakingsprogrammet bgr baseres pa tidligere undersgkelser av NIFES (2006).
Relevante arter for overvakingen er torsk (kysttorsk), brosme, lange og uer, som er
arter tidligere undersgkt av NIFES. Prgvetakingsstrategien bgr legges opp av NIFES men
den bgr kunne sammenliknes med tidligere undersgkelser. 1 utgangspunktet bgr
fangstene gjeres i 3 omrader (beskrevet i NIFES 2013):

e Omrade 0 => i naerheten av vraket
e Omrade 1 => 1 nautisk mil nord for vraket

e Omréde 2 => 2 nautiske mil nord for vraket

| tilegg anbefales progvetaking relativt lang unna vraklokaliteten, henholdsvis nord og
sear i kyststreammen. Det kan veere verdifullt & se pa nivaer i mer kystnaere omrader som
en referanse.

I utgangspunktet bgr det fanges in ca. 25 individer av hver art fra hvert omrade. |
tidligere undersgkelser er det analysert pa individer. Det anbefales & fgalge samme
strategi i langtidsovervakingen men hvis resultatene viser relativt lave konsentrasjoner
kan omfanget med hensyn pa antall arter, antall analyser og antall
pravetakingslokaliteter vurderes pa nytt.

I tidligere undersgkelser er det analysert pa filet. Det bgr vurderes a inkludere analyse
pa lever i analyseprogrammet.

I forbindelse med prgvetakingen bgr minimum fglgende dokumenteres:
. Art
Vekt (kg)

Analyse matriks (lever, filet, klokjgtt, krabbesmagar)

Vekt av prgvematerialel
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e Fangstdato

e  Gjennomsnittlig dyp pa fangststed

e Fangstmetode (traling, line, annet)

e Fiskelengde, carapax bredde (krabbe)

e Omradet for fangst (angi koordinater og vist pa kart)
e Sykdomstegn.

° Beskrivelse av eventuelle abnormaliteter

10.1.2 Overvaking av kvikksglvinnholdet i etablerte brgnner

Det er foreslatt & etablere 10 brgnner som muliggjer prgvetaking av vann over
isolasjonslaget, se kapittel 8.1.1 Det tas vannprgver fra disse brgnnene hvert ar de 5
farste arene. Det bar tas i stgrrelsesorden 10 | vann fra hver brgnn. Prgvene filtreres i
laboratorium og det analyseres for kvikksglv og metylkvikksglv pa filtratet (partiklene)
og vannfasen. Avhengig av resultatene kan frekvensen av prgvetakingen justeres etter
de fem fgrste arene.

10.1.3 Utvikling av bunnfauna

Etter at tiltaket er avsluttet kan bunnen i tiltaksomradet karakteriseres som hardbunn
(erosjonslaget pa toppen). Det betyr at det er hardbunnsorganismer som farst vil
etablere seg i omradet. Over tid vil bunnforholdene sannsynligvis endre seg i trdd med
de radene strgmforholdene pa lokaliteten, det vil si at mer finpartiklulaert materiale vil
legge seg over erosjonslaget. Dette gir pa sikt muligheter for at blgtbunnsorganismer
kan etablere seg.

Det anbefales & falge utviklingen av bunnfaunaen. Det er rimelig & anta at bunnen i
tiltaksomradet vil veere dominert av hardbunnsorganismer de fgrste arene far en
overgang til en bunn mer dominert av blgtbunnsorganismer. Utviklingen av
blgtbunnsfaunaen kan derfor skyves lenger frem i tid. Det kan ogsa vurderes & male
innholdet av kvikksglv i hardbunnsorganismer hvis det lar seg praktisk gjennomfare a
samle inn tilstrekkelig materiale. En slik undersgkelse for hardbunnsorganismer kan
gjeores ved bruk av ROV samtidig som prgvetakingen av vann fra brgnnene.

10.2 Overvake tildekkingslagets integritet

Hensikten med langtidsovervaking av tildekkingslaget er overordnet & kontrollere at
funksjonen til tildekkingen er som forventet og at masser ikke eroderer bort. En slik
overvaking muliggjer reparasjon og vedlikehold av tildekkingen samt at konsekvensene
en eventuell sammensynkning av skroget har pa dekklaget kan dokumenteres slik at
ngdvendige tiltak kan iverksettes.
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Overvakingen av tildekkingslagets integritet over tid er prinsipielt den samme som de
elementer beskrevet for overvakingen av selve tildekkingsoperasjonen, som beskrevet i
denne rapporten. Fglgende overvakingselementer er relevante:

e Ekkoloddmalinger av tiltaksomradet => se Kapittel 8.1.2
¢ Prgvetaking av vann fra etablerte brgnner i tildekkingslaget == se Kapittel 8.1.1
e ROV undersgkelser => se Kapittel 8.1.6

e Avlesing av malestaver => se Kapittel 8.1.1

10.3O0ppsummering langtidsovervaking

Nar det gjelder frekvensen av langtidsovervakingen er det foreslatt en tentativ plan som
er vist i Tabell 6.

Tabell 6: Plan for langtidsovervaking, antall méalinger og frekvens

Tildekkingslagets integritet Effekten av tiltaket
Ar etter Avlesning av  Ekkolodd ROV Fisk og Kvikk- Bunnfauna®
avsluttet malestaver oppmalinger under- krabbe sglv i
tiltak sgkelse vann fra
brgnner
1 Ca 40 stk Tiltaksomradet Tiltaks- NIFES Ca 10 Ja == ROV
omradet program brenner
2 Ca 40 stk Tiltaksomradet  Tiltaks- NIFES Ca 10 Ja == ROV
omradet program brenner
3 Ca 40 stk Tiltaksomradet Tiltaks- NIFES Ca 10 Ja == ROV
omradet program brgnner
4 Ca 40 stk Tiltaksomradet Tiltaks- NIFES Ca 10 Ja == ROV
omradet program brenner
5 Ca 40 stk Tiltaksomradet  Tiltaks- NIFES Ca 10 Ja == ROV
omradet program brenner
Hvert 5.
ar?

D De forste arene er det forventet hardbunnsorganismer
2 Frekvens og omfang etter de 5 farste rene er avhengig av resultatene fra de 5 farste arene med
overvaking.
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APPENDIX 1

Modellering for design av tildekkingslag for
tildekking av U-864 og forurensede sedimenter

omkring vraket

Teknisk notat 20130288-01-TN utarbeidet av NGI.
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1 Bakgrunn

NGI har som underleverandgr til DNV GL bistatt Kystverket i utarbeidelsen av
forprosjektet for offentlig anskaffelse i forbindelse med planlegging av tiltak mot
forurensing fra ubatvraket U-864.

Dette notatet beskriver design av tykkelse pa tildekkingen av U-864 og kvikksglv-
forurenset sediment utenfor vraket.

Vurderingene bygger blant annet pa falgende dokumenter:
e Guidance for Subaqueous Dredged Material Capping (Palermo et al. 1998).
e Anbefalinger ved prosjektering av tildekking av forurenset sediment (NGI
2005).
e Salvage of U864 - Supplementary studies - Study No. 11: Assessment of
future spreading of mercury for the capping alternative (DNV 2008).
e Miljemal og akseptkriterier for tiltak ved U-864 (DNV GL 2014).

2 Funksjonskrav til tildekkingen

Innkapslingen (tildekking/eller capping pa engelsk) av vraket etter U-864 vil ha som
formal a redusere risiko knyttet til kvikksglv (Hg) i vraket og i sedimentet utenfor
vraket. Dette oppnas ved at tildekkingen isolerer forurensingen og dermed reduserer
tilgjengeligheten av kvikksglv (bade elementzrt Hg, ionisk Hg og metylkvikksglv) i
overflaten av ny sjsbunnen etter tildekking. Basert pa Notat om Miljgmal og
akseptkriterier for tiltak ved U-864 (DNV GL 2014), er oppnaelsen av dette beskrevet
som at totalkonsentrasjon av Hg i sediment i de gverste 2 cm av sjgbunnen etter
tildekkingen skal veere mindre enn 0,63 mg Hg/kg. Dette tilsvarer klasse Il ifglge
Miljgdirektoratets Veileder for klassifisering av miljgkvalitet i fjorder og kystfarvann
(Miljedirektoratet 2007). Figur 1 viser omradet som skal dekkes til.
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Figur 1. Oversikt over analyser av kvikksglv i overflatesediment inndelt i
tilstandsklasser (Miljgdirektoratet 2007). Gul linje avgrenser omradet med
sedimenter som ligger over tiltaksmalet (0,63 mg Hg/kg sediment). Arealet innenfor
de rade linjene er omradet der tildekkingen over vrakdelene vil ligge.

Det er tatt utgangspunkt i at tildekkingen av U-864 og de forurensede sedimentene
omkring vraket i hovedsak vil bli bygget opp av inerte lasmasser basert pa naturlige
mineralske produkter slik som sand, grus og stein eller knuste mineralske masser
(passiv tildekking). Det kan ogsa inkluderes lag som bestar av bearbeidede materialer
som har til hensikt & gi tildekkingen spesielle gnskede egenskaper, slik som serlig
god bindingsevne for Hg eller lav permeabilitet (gjennomstrembarhet).

Designet av tildekkingen over vraket og forurenset sediment bestar av forskjellige
lag som har fglgende overordnede funksjoner:
1. Beskytte selve tildekkingslaget mot erosjon.
2. Hindre at utlekking av kvikksglvforurensing gir konsentrasjoner i overflaten
av tildekkingen som overskrider miljgmalet.
3. Ekstra lag som skal ta hgyde for innblanding i forurenset sediment og
usikkerhet i tykkelse ved konstruksjon.

I tillegg inngar det i designet en motfylling nedenfor der tildekkingen plasseres for a
beskytte vraket og tildekkingslaget mot utglidning. Denne motfyllingen er beskrevet
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tidligere (NGI 2006) og ogsa i andre deler av dette forprosjektet. Fglgelig omhandles
ikke dette her.

Designet av tildekkingen basert pa a oppfylle funksjonene beskrevet over, vil gi en
minimum tykkelse for tildekkingen. Basert pa stabiliteten i omradet vil det i
prosjekteringsfasen ogsa veere ngdvendig & stille krav til maksimum tykkelse av
tildekkingen.

Dette notatet beskriver design av tildekkingen av vraket og forurensede sedimenter
ved U-864 i henhold til funksjonene 1 — 3 over.

For at tildekkingen skal oppfylle funksjon 1 " Beskytte selve tildekkingslaget mot
erosjon" ma den gverste delen av tildekkingen besta av masser som ikke eroderes
ved de stremhastighetene som kan forventes i omradet.

For at tildekkingen skal oppfylle funksjon 2 "Hindre utlekking™ ma tildekkingen ha
falgende mer spesifikke funksjoner:
e Hindre at bunnlevende dyrs omblanding av massene pa sjgbunnen farer til
gkt transport av Hg gjennom tildekkingen,
e Hindre at bglger og vannstrem ferer til gkt transport av Hg gjennom
tildekkingen pa grunn av adveksjon i deler av tildekkingen,
e Isolere kvikksglvforurensingen slik at transport (med diffusjon) gjennom
tildekkingen ikke gir overskridelse av miljgmalet (konsentrasjon <0,63 mg
Hg/kg i overflatesedimentet).

Funksjon 3 i tildekkingsdesignet er viktig for at usikkerhet knyttet til konstruksjonen
av tildekkingslaget ikke skal fare til at konstruert tykkelse blir mindre enn designet
tykkelse. For & ivareta dette designes tildekkingen med en overdimensjonert tykkelse
tilsvarende usikkerhet i konstruksjonen. Faglgende usikkerhet er vurdert som viktig
0g tatt med i denne overdimensjonert tykkelsen:
e At deler av det forurensede sedimentet blandes med tildekkingsmassen ved
utlegging,
e At det kan forekomme avvik i tykkelsen som blir faktisk lagt ut i forhold til
designet tykkelse.

2.1 Andre hensyn i designet

Vraket er i dag antatt & veere fylt av vann og noe luft. Svekkelser i konstruksjonen
ved torpederingen av U-864 og korrosjon etter dette farer til at skrogets styrke
svekkes med tiden. Tildekking over vraket vil fare til en starre belastning pa skroget
enn det som er i dag. Disse forholdene vil fare til at skroget gir etter nar korrosjon
har svekket styrken i skroget slik at den er mindre enn lasten fra tildekkingen. Det er
sannsynlig at deler av det ytre profilskroget gir etter under tildekkingen. Det indre
trykkskroget er imidlertid laget for a tale store trykk, noe som betyr at det sannsynlig-
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vis vil ga lang tid fer dette gir etter. Ved en slik sammensynkning av vraket vil
tildekkings-massene som ligger over vraket synke inn i dette og tildekkingen kan bli

mindre over deler av forurensningen enn det opprinnelige designet.

Dette kan handteres pa falgende mater:
1. Sammensynkning hindres ved a fylle masser inn i vraket far dette tildekkes.
2. Tildekking repareres dersom ngdvendig etter en sammensynkning av skroget.
Dette forutsetter overvakning av tildekkingen med tanke pa a observere nar
skroget synker sammen.
3. Det dekkes til med nok masse over vraket slik at tilstrekkelig beskyttelse
sikres etter en sammensynkning.

Det er her forutsatt at en sammensynkning av skroget handteres med metode 2.

3 Tildekkingsdesign
3.1 Overordnet tildekkingsdesign

Figur 2 illustrerer overordnet tildekkingsdesign over forurensingen i og ved vraket
av U-864 med de lagene som skal ivare ta ulike funksjoner i denne tildekkingen.

Del av tildekkingen med transport

—————————— k styrt av fysisk blanding

Kjemisk
isolasjonslag

Del av tildekkingen med transport
styrt av kjemisk diffusjon

Del av tildekkingen der funksjon er usikker
pa grunn av usikkerhet ifm instalasjon

Blandingssone

Figur 2. lllustrasjon av designlag i tildekkingen av forurensingen i og ved vraket av
U-864.
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3.2 Erosjonsbeskyttelse

For at tildekkingen skal oppfylle funksjon 1 og ikke erodere bort, ma den gverste
delen av tildekkingen ha en kornstarrelse som ikke eroderes under de
stramforholdene som kan forventes i omradet. Strammalinger som ble gjort over 79
dager (10. september til 28. november) i 2005 viste at maksimumsstrgmmen |
malingene som var gjort pa 3 — 20 m over bunnen var 0,73 m/s, gjennom-
snittshastighet var fra 0,1 — 0,2 m/s (NIVA 2006).

Inntil flere data foreligger, er det konservativt antatt at det kan forekomme
stramhastigheter pa maksimalt 2 m/s langs sjgbunnen ved vraket. | fglge Figur 3
(basert pa van Rijn (1993), tilsvarende Hjulstrams diagram) sa vil masser med en
kornstarrelse tilsvarende dso > 60 mm (50% av materialet passerer en sikt med apning
pa 60 mm) veere tilstrekkelig som erosjonsbeskyttelse. Maksimal stramhastighet (2
m/s) neaer bunnen (H = 1 m) ligger til grunn i Figur 3. Tykkelsen av dette laget er
skjgnnsmessig satt til 3 x dso ~ 20 cm.

Erosjon begynner

- I AV =
- .

o / / —Hilo.Om
. / / ——H=20.0m
- //
w© /[ /]/
N [ 1///
o /

o V4

0.0 1.0 2.0 3.0 4.0 5.0 6.0

dso (mm)

Gjennomsnittlig stramhastighet (m/s)

Figur 3. Kurver som indikerer partikkelstagrrelse (dso) som kan eroderes som funksjon
av gjennomsnittligstremhastighet over et gitt avstand til bunnen (H). Hentet fra NGI-
rapport 20021244-4 (NGI 2005), modifisert etter van Rijn (1993).

Konklusjon erosjonsbeskyttelse:
Erosjonsbeskyttelsen bgr besta av et lag pa minimum 20 cm med mineralske
masser med dso > 60 mm
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3.2.1  Ytterligere Krav til kornfordeling

I tillegg til kravet om dso > 60 mm ma tildekkingsmassene bygges opp slik at det ikke
er fare for utvasking av finstoff mellom lag i tildekkingen med ulik kornfordeling og
mellom tildekkingslaget og opprinnelig sediment. | fglge Miljadirektoratet sin
Tildekkingsveileder (Miljedirektoratet 2006), skal massene tilfredsstille krav til
filteregenskaper gitt ved:

d15(tildekking) < Sxg5(sediment)

Det samme forholdet gjelder mellom erosjonslaget og tildekkingslaget under dette.

dlS(erosjonsIag) < 5Xd85(tiIdekking_bioturbasjon/adveksjon)

Hvor: dis 0g dgs er den korndiameteren som 15 %, henholdsvis 85 % (vekt) av
kornene er mindre enn.

3.3 Bioturbasjonslag

Organismer som lever pa sjgbunnen kan grave seg ned i sedimentet. Det er imidlertid
vanlig & anta at den delen av sedimentet der det skjer en aktiv blanding av
sedimentene er mindre enn 10 cm tykk (Miljedirektoratet 2012). Konservativt brukes
15 cm som tykkelse av dette laget.

Konklusjon bioturbasjonslag:
Bioturbasjosnlaget bgr besta av et lag pa minimum 15 cm med mineralske
masser.

34 Adveksjonslag

Balger, stram over ujevnheter i sjgbunnen og tidevann kan skape trykkforskjeller
inne i tildekkingsmassene og dermed adveksjon. Bglger vil sjelden og derfor i liten
grad pavirke vannbevegelser pa dette dypet. To nivaer av ujevnheter vil kunne skape
trykkforskjeller i tildekkingen av U-864:

e Fyllingen over vrakdelene vil danne en forhgyning i landskapet som vil veere
en hindring vannet ma stremme over. Nar stremmende vann presses over
denne forhgyningen vil dette danne trykkforskjeller mellom oppstremssiden
0g nedstrgmssiden av denne haugen. Denne trykkforskjellen vil fare til
adveksjon gjennom deler av tildekkingen (se Figur 4).

e Sma ujevnheter pa overflaten av tildekkingslaget gir lokale trykkforskijeller
og lokale stremning. Steinene som skal utgjere erosjonslaget vil danne slike

ujevnheter.
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Trykkforskjeller over fylling rundt vraket

Trykkforskjellene som dannes av vannstrammen over fyllingen over vraket kan gi
adveksjon i tildekkingen. Starrelsen pa trykkforskjellene og permeabiliteten i
tildekkingsmassene vil bestemme hastigheten av denne adveksjonen. Vann-
bevegelsene inne i tildekkingen vil ha en vertikal komponent og kan dermed gke
transporthastigheten av kvikksglv gjennom tildekkingen.

Vannstrgm

Vrak av
U-864

Kvikksglvlast

Figur 4. lllustrasjonen viser eksempel pa trykkforskjeller som kan oppsta som falge
av vannstrgm over tildekket vrak. Tykkelse pa tildekkingen vist i eksempelen er 2,9 m,
se Tabell 2 for detaljer).

Trykkforskjellen (Ap) over fyllingene rundt vrakdelene er beregnet med ligningen:

1
Ap =~ EchUg =20 Pa

Der formfaktoren, Cp. er lik 1, p er vannets tetthet (1027 kg/m?®), u er stremhastighet
ved bunnen (konservativt estimat av gjennomsnittsstrem er 0,2 m/s). En ekstrem
hendelse med hgy vannstrgm langs bunnen kan fare til erosjon og betydelig skade pa
tildekkingen. For planlegging av erosjonsheskyttelse ma det derfor tas hensyn til
slike ekstreme situasjoner og derfor anbefales det at erosjonsbeskyttelsen minst skal
tale en stremhastighet pd 2 m/s. Transport i tildekkingen som falge av adveksjon,
indusert av stramning over ujevnheter, vil pavirkes av ekstrem stramhastighet bare i
det korte tidsrommet disse pagar, gjennomsnittlig stremhastighet er derfor mer
representativ for denne effekten. Ved vurdering av adveksjon i tildekkingen brukes
derfor 0,2 m/s som kriteriet for hvilken trykkforskjell kan dannes og som vil veere
styrende for transporten over tid. Dette er en konservativ gjennomsnittshastighet og
vurderes som konservativt nok. Dette gir en trykkforskjell over forhgyningen pa 20
Pa. Det er videre antatt at denne trykkforskjellen virker over en avstand pa 5 m
(konservativt).

Denne trykkforskjellen er lagt inn i en modell for stramning i porgse medium der
permeabilitet og tykkelse av de ulike lagene i tildekkingen er lagt inn og den vertikale
stramningen (adveksjonen) som trykkforskjellen forarsaker er beregnet. Ulike
adveksjonslag med ulik tykkelse og permeabilitet (k) er lagt inn i modellen for a se
hva som er ngdvendig for & redusere effekten av trykkforskijellen slik at transport
med adveksjon er mindre enn transporten med diffusjon gjennom det kjemiske
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isolasjonslaget. Nar dette er oppfylt vil design av tildekkingens tykkelse kunne gjeres
basert pa at transport med diffusjon er eneste transport mekanisme gjennom det
kjemiske isolasjonslaget i tildekkingen. Beregningene av adveksjonen i tildekkings-
laget er naermere beskrevet i et eget notat (NGI teknisk notat 20130288-03-TN).

09 - - v -
Fing masser | heke bidskangen (ke 10" 4m), o, 21300m, 4, , =10cm / //
= i 5o
= ; N d, o, =100¢
. m

10°

Estimert vertikal hastighet [nm/s]

Figur 5. Vertikal stremningshastighet i isolasjonslaget med ulike materialer i
adveksjonslaget: 10 cm leirbasert tetningslag ("Clay liner") (k= 10"*> m? = 10 cm/s)
vises som heltrukken svart linje, Adveksjon ved bruk av fin subbus (k= 10 m? =
10 cm/s) i hele tildekkingen (adveksjonslag + kjemisk isolasjonslag) total tykkelse
pa 130 cm (bla linje), 145 cm (red linje) og 220 cm (grenn linje).

Figur 5 viser beregnet vertikal stremningshastigheter i tildekkingslaget sammen-
lignet med diffusjonshastigheten gjennom isolasjonslaget (vp):

UD:Z

Der D er diffusjonskoeffisienten for Hg i tildekingslaget og L er diffusjonsveien (her
L =90 cm, tykkelse av isolasjonslag, se avsnitt 3.5).

Adveksjonslag like ved vraket og ved bruk av fin subbus

Beregningene viser at adveksjonen kan reduseres slik at adveksjonstransporten i det
kjemiske isolasjonslaget blir mindre enn diffusjonstransporten dersom isolasjons-
laget og adveksjonslaget til sammen utgjer et 220 cm tykt lag med masser med
permeabilitet lavere enn 10 m? som tilsvarer en hydraulisk ledningsevne pa 10
cm/s. Dette kan oppnas ved a bygge opp dette laget slik at det bestar av masser med
di0 < 0,01 mm (betyr at 10% av materialet er mindre enn 0,01 mm). For & oppna dette
ma materialet i hele tildekkingen besta av subbus med mye finstoff (knuste masser i
fraksjonene 0 — 2 eller 0 — 4 mm). Dette forutsetter at disse massene kan legges ut pa
en slik mate at tapet av finstoff under utleggingen og etter utleggingen far
erosjonsbeskyttelsen er pa plass blir minst mulig.
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Selv om finstoffinnholdet skulle bli redusert under utleggingen vil en tildekking
bygget opp med adveksjonslag som beskrevet her fortsatt veere konservativt.
Tildekkingen vil fortsatt begrense adveksjonen inne i tildekkingen og serge for at
diffusjon blir den styrende transportmekanismen. Adveksjonen som eventuelt
dominerer i gvre del av tildekkingen vil dessuten gi en beskjeden transport
sammenlignet med dagens situasjon der forurensningen er direkte eksponerte for frie
vannmasser. Dette betyr at det ligger en betydelig margin i designet i forhold til &
oppna miljgmalet med hensyn pa konsentrasjon i de gverste 2 cm av sedimentet og
med hensyn pa utlekking til vannet over tildekkingen. Dette betyr ogsa at tykkelsen
kanskje kan reduseres dersom det gjgres mer detaljerte beregninger av generte
trykkforskjeller og stremning i tildekkingen. Bruken av et tykt lag med subbus som
adveksjonsbeskyttelse gir ogsa den fordelen at dette er en mer finknust variant av de
samme massene som er aktuelle & bruke i resten av tildekkingen og som derfor kan
legges ut med samme fartgy og om lag samme metode som resten av tildekkingen.

Adveksjonslag like ved vraket -alternativ med bruk av leirbasert tetningslag

Tilstrekkelig reduksjon av adveksjonstransporten i isolasjonslaget kan ogsa oppnas
med et adveksjonslag bestdende av et 10 cm tykt lag med materialer som har
permeabilitet lavere enn 10 m? (hydraulisk ledningsevne <10 cm/s). Dette er en
permeabilitet som bare oppnas med masser med betydelig finstoffinnhold, for
eksempel silt eller morene masser. Det vil sannsynligvis vaere betydelige utfordringer
knyttet til & legge ut et jevnt lag med slike masser pa 150 m vanndyp og med de
radende stramforholdene i omradet. For a fa lagt ut et slikt lavpermeabelt lag er det
derfor sannsynligvis ngdvendig a legge ut bearbeidede leirmaterialer som brukes som
tetting i deponier og som ogsa tidligere er brukt i forbindelse med tildekking av
forurensede sedimenter. Slike bearbeide leirmaterialer kan legges ut som bentonitt
membraner (geosyntetiske clay liners) der bentonittleire er plassert mellom to
geotekstiler som legges ut som en membran. Bearbeidede leirbaserte materialer kan
ogsa legges ut som ulike typer pellets.

Bearbeidede leirbaserte produkter oppnar starst tetningseffekt (lavest permeabilitet)
nar disse sveller under et mottrykk av overliggende masser. En utfordring knyttet til
en del leirbaserte produkter er at disse sveller mindre i saltvann enn i ferskvann. Det
finnes imidlertid materialer som kan gi lavere hydraulisk ledningsevne enn 10 cm/s
ogsa i saltvann. Et slikt leirbasert tetningslag vil matte dekkes over med
tildekkingsmasser for a holde porgsiteten (og dermed permeabiliteten) lav og for a
beskytte laget mot erosjon av finstoff i leiren. Hvor lav permeabilitet som kan oppnas
ma uansett dokumenteres far denne typen tetningsmasser brukes i adveksjonslaget.

Fordelen med a lage adveksjonslaget med et leirbasert materiale er at dette kan gi et
lavpermeabelt lag med relativt liten tykkelse. Utlegging av matter/duk kan imidlertid
bli en omfattende operasjon som kan kreve bruk av et eget ROV-fartgy for dette.
Leirbaserte tettingsmateriale lagt ut som pellets kan sannsynligvis legges ut med
samme type fartay som vil legge ut resten av tildekkingsmassen og er derfor det mest
realistiske alternativet dersom leirbasert tetning skal brukes.
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Adveksjonslag i resten av forurenset omradet utenfor vrakomradet

Vannstrgm omkring mindre ujevnheter slik som steiner og andre ujevnheter i
erosjonslaget vil ogsa generere trykkforskjeller og dermed adveksjon i tildekkingen
under disse ujevnhetene. Flere studier har dokumentert hvilken effekt dette har pa
utveksling av stoffer mellom sediment og vannet over. Figur 6 viser skjematisk
hvilken dybde denne effekten forventes basert pa Huettel og Webster (2001).

Permeabilitet (m?)
1013 1012 101

Diffusjons
dominert

20

Sediment dyp (cm)

30

Figur 6. lllustrasjon av prosesser som pavirker transport i sediment som funksjon av
permeabilitet og sediment dybde. Fra Huettel and Webster 2001, og referanser i
denne.

Dette studiet indikerer at bare de gverste 10 cm av permeable sedimenter (sandige)
var pavirket av adveksjon. Andre studier har sett effekt av adveksjon som falge av
stramning over ujevnheter pa sjgbunnen ned til 25 cm (Rutger van der Loeff 1980).

For & veere sikker pa at det kjemiske isolasjonslaget ikke pavirkes av adveksjon antas
det at adveksjon kan forekomme i de gverste 25 cm av sediment (tilsvarende den
starste effekten i disse to studiene). Deretter benyttes det en sikkerhetsfaktor pa 1,5
som gir et lag pa 40 cm. | omradene der det ikke bygges opp en forhgyning i
landskapet er det derfor vurdert a veere tilstrekkelig med et adveksjonslag pa 40 cm
med hydraulisk ledningsevne som er mindre enn 10 cm/s. Dette kan oppnas ved &
bruke sandige masser eller subbus med en del finstoff med dio < 0,1 mm.
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Erosjonsbeskyttelseslaget vil sannsynligvis veere for grovt for a tilfredsstille kravene
til permeabilitet i adveksjonslaget, mens massene i bioturbasjonslaget godt kan
bygges opp med det samme type masser som adveksjonslag slik at tykkelse avsatt til
adveksjonslaget kan settes til 40 cm minus tykkelse av bioturbasjonslag (15 cm),
40 cm — 15cm = 25 cm.

Konklusjon adveksjonslaget:

For tildekkingen som ligger over vrakdelene anbefales det at
bioturbasjonslaget, adveksjonslaget og det kjemiske isolasjonslaget bygges
opp med samme type rene masser med hydraulisk ledningsevne som er
mindre enn 10 cm/s (subbus med mye finstoff for eksempel 0 — 2 mm). Dette
laget bar til sammen ha en tykkelse pa 220 cm. Det vil si at tykkelsen avsatt
til adveksjonslaget kan settes til 220 cm — 15cm — 90 cm (se avsnitt 3.5) =
115cm

Alternativt kan samme effekt oppnas med et 10 cm tykt lavpermeabelt lag
(hydraulisk ledningsevne < 10 cm/s) som beskyttes og belastes med 55 cm
masser over (20 cm erosjonsbeskyttelse, 15 cm bioturbasjonslag + 20 cm
ekstra masser i adveksjonslaget).

I tildekkingen i de gvrige omradene anbefales det at adveksjonslaget og
bioturbasjonslaget bygges opp med samme type masser (0 -2 mmeller 0 -4
mm) og til sammen har en tykkelse pa 40 cm. Det vil si at tykkelsen avsatt til
adveksjonslaget kan settes til 40 cm — 15¢cm =25 cm.
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3.5 Beregning av tykkelse kjemisk isolasjonslag

Porevannskonsentrasjon av Hg

Bioturbasjonslag
Kjemisk
jonslag

Sediment

Cporevann_foru renset
=40 pg/L

C

porevann_top_cap

Figur 7. lllustrasjon av konsentrasjonsgradient og transport gjennom tildekking som
er utgangspunktet for modellering av transport gjennom det kjemiske isolasjonslaget
og bioturbasjonsdypet. | denne modelleringen ser man bort fra de andre lagene.

I den delen av tildekkingslaget som ikke pavirkes av bioturbasjon eller vannstrgm og
trykkforskjeller vil diffusjon veere den viktigste mekanismen for transport av Hg (det
kjemiske isolasjonslaget). Hastigheten av Hg-diffusjon gjennom tildekkingen vil
bestemme hvor mye Hg som tilfgres overflatesedimentet der bunnfauna lever og hvor
mye som lekker ut fra tildekkingen til vannet over. Transporten gjennom
tildekkingen styrer dermed kvikksglvkonsentrasjonen pa ny sjgbunn etter tildekking.

Fer noe Hg kan lekke gjennom tildekkingen vil tildekkingsmassene binde opp Hg,
mens det etableres en konsentrasjonsgradient gjennom tildekkingen som styrer
utlekkingen pa veldig lang sikt ("steady state™) som vist i Figur 8. Tiden det tar far
kvikksglvet har fylt opp bindingskapasiteten i tildekkingen kan ta mer enn tusen ar
(DNV 2008). Tykkelsen pa tildekkingen er beregnet slik at den skal oppfylle kravene
til & beskytte overflatesedimentet (<0,63 mg Hg/kg i de gverste 2 cm) ogsa etter at
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bindingskapasiteten i tildekkingen er brukt opp. | denne fasen er det bare den
forlengede diffusjonsveien gjennom tildekkingen som begrenser transporten og
dermed konsentrasjonen i overflatesedimentet.

Tykkelse av det kjemiske isolasjonslaget som er ngdvendig for & tilfredsstille
miljgmalet er beregnet med en analytisk modell utviklet av Prof. Danny Rieble, na
ved Texas Tech University (Lampert og Reible, 2009). Transport gjennom det
kjemiske isolasjonslaget og gjennom et tilnaermet homogent lag med bioturbasjon pa
10 cm er beregnet slik at miljgmalet skal veere oppfylt av gjennomsnitts-
konsentrasjonen i bioturbasjonslaget, det vil si < 0,63 mg Hg/kg fra 5 cm og opp.
Tykkelsen pa 10 cm er konservativt bade sammenlignet med design tykkelse pa
bioturbasjonslaget pa 15 cm og miljgmalet som gjelder de gverste 2 cm.

Det er beregnet ngdvendig tykkelse for omradet like ved vraket (innenfor rade linjer
i Figur 1) ved a anta en konsentrasjon i porevannet pa 40 pg/L, som tilsvarer likevekt
med rent Hg. | sedimentet utenfor dette omradet, men innenfor tiltaksomradet
(mellom gul og rgd linje i Figur 1) er det forutsatt en konsentrasjon av Hg i
porevannet pa 2 pg/L. Disse konsentrasjonene er de samme som ble benyttet til
beregning av transport i tidligere utredninger av tildekkingsalternativet (DNV 2008).
En kvikksglvkonsentrasjon pa 40 pg/L kan forekomme i sediment som er i direkte
kontakt med Hg, mens 2 pg/L er om lag som konsentrasjonene malt i porevannet i
forurensede sedimentprgver fra omradet like ved vraket (NIVA 2005). Antakelsene
ovenfor er derfor konservative for begge omradene. Konsentrasjonen av Hg i
porevannet i omradet utenfor det mest forurensede omradet forventes a veaere mye
lavere enn 2 pg/L.
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Figur 8. Estimerte konsentrasjonsgradienter i tildekkingslaget (konsentrasjon som
funksjon av dyp i tildekkingen ("’Depth™) pa ulike tidspunkt etter en tildekking, figur
fra modellering med sorbsjonskoeffisient (Kg-verdi) = 200 for tildekkingsmassen.
Dette er et konservativt (lavt) estimat for Kq for passive materialer, slik som sand
eller subbus.

Resultatene av disse beregningene av ngdvendig tykkelse der diffusjon styrer
transporten er oppsummert nedenfor og inngangsparametere og gvrige resultater er
vist i vedlegg A.

| omradet naer vraket der det er antatt en konsentrasjon av Hg i porevannet pa 40 pg/L
vil et kjemisk isolasjonslag pd 90 cm redusere transporten av Hg slik at
konsentrasjonen pa den nye sjgbunnen etter tildekking holder seg lavere enn
miljgmalet pa 0,63 mg/kg. | omradet utenfor det mest forurensede omradet ved
vraket, der konsentrasjonen er anslatt til & vaere < 2 pg/L, vise modelleringen at 5 cm
tildekking er tilstrekkelig for & overholde miljgmalet.

Konklusjon kjemisk isolasjonslag:

| omradet nar vraket anbefales det et kjemisk isolasjonslag pa 90 cm
mineralske masser.

I omradet utenfor dette anbefales det & bruke et kjemisk isolasjonslag pa 5
cm mineralske masser.

p:\2013102\20130288\leveransedokumenter\teknisk notat\20130288-01-tn cap design\20130288-01-tn cap design_28.04.docx



<1
NGI

Dokumentnr.: 20130288-01-TN
Dato: 2014-04-28

Rev.nr.: 0

Side: 16

3.6 Ekstra tykkelse for a ta hensyn til usikkerhet i konstruksjon

Funksjon 3 i tildekkingsdesignet er viktig for at usikkerhet knyttet til konstruksjonen
av tildekkingslaget ikke skal fare til at konstruert tykkelse blir mindre enn designet
tykkelse.

Erfaring fra utlegging av fyllinger i forbindelse med utlegging av rerledninger
offshore er at hgyde forskjellen mellom furene som dannes ved utlegging med ror
ned til bunnen er 30 cm. Dette tilsvarer usikkerheten i utlegging med denne metoden.
Betydelig vanndyp og kupert topografi gjer at usikkerheten kan gke noe, mens
ujevnheten sannsynligvis vil minke med tiden. Basert pa dette er det valgt & bruke en
tykkelse pa 40 cm for & ta hgyde for usikkerheten og avvik fra designet under
utlegging av tildekkingen. En tykkelse pa 40 cm er et estimat, men kan bli starre eller
mindre avhengig av entreprengrens erfaring med den metoden for utlegging av
tildekkingsmassene.

Konklusjon usikkerhet ved konstruksjon av tildekkingen:
Det er lagt til 40 cm tykkelse i designet for a ta hensyn til usikkerhet ved
konstruksjon av tildekkingen.

3.7 Blandingssone mellom sediment og tildekking

Det er skjgnnsmessig antatt at ved forsiktig utlegging av tildekkingsmassene vil disse
blandes inn i sedimentet under i en sone som tilsvarer 2 — 3 ganger stgrste
kornstgrrelsen. Kornstarrelsen for massene som benyttes antas & vaere mindre enn
30 mm. Tykkelsen pa blandingssonen antas derfor a veere mindre enn 10 cm.
Blandingssonen tilsvarer den tykkelsen nederst i tildekkingen som ikke kan forventes
a ha noen vesentlig effekt fordi forurensede sedimenter er fysisk blandet inn i
tildekkingsmassene.

Konklusjon blandingssone mellom sediment og tildekking:
Det er brukt en tykkelse pa 10 cm for blandingssonen mellom sediment og
tildekking.

4 Anbefalt tildekkingstykkelse med tildekking med mineralske masser

Tabell 1 viser anbefalt tildekkingstykkelse over vraket og forurenset sediment.

Tykkelse av tildekkingslaget som skal hindre utlekking av Hg er 240 cm for det mest
forurensede omradet over og like ved vraket og 65 cm i resten av det forurensede
omradet. | tillegg er det estimert tykkelser knyttet til usikkerhet i konstruksjon og
blandingsdybden. Total forventet tykkelse av tildekkingslaget, inkludert denne
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usikkerheten, er 290 cm like ved vraket og 115 cm i det gvrige omradet.

Modellberegninger av

transport av

Hg i tildekkingslaget

at

utlekkingshastigheten forventes a bli redusert med mer enn 99% med en slik

tildekking.

Tabell 1. Tildekkingsdesign med passiv tildekking

Like ved vraket | Resten av det
(adveksjonslag: | forurenset
fin subbus) omradet
Erosjonslag 20cm 20 cm
Bioturbasjonslag 15cm 15cm
Adveksjonslag (220 — 90 — 15| (40 — 15 cm*) =
cm*)=115cm | 25cm
Kjemisk 90 cm 5cm
isolasjonslag
Sum tildekking uten | 240 cm 65 cm
usikkerhet
Blandingslag 10 cm 10 cm
Usikkerhet 40 cm 40 cm
plassering
Total tykkelse av |290cm 115cm
tildekkingen

* 15 cm tykkelse i bioturbasjonslaget, 90 cm isolasjonslag

5 Alternativt tildekkingsdesign med aktive tildekkingslag

| tillegg til en tildekking med inerte eller passive materialer der virkematen er a
forlenge diffusjonsveien for Hg fra forurensningen pa sjgbunnen og ut i vannet, kan
det ogsa designes tildekking der massene i deler eller hele tildekkingen har
egenskaper som gker effekten av tildekkingen:
e Masser med lav permeabilitet
o Det er alternativene for adveksjonslaget basert pa leirbaserte
tetningsmaterialer (se avsnitt 3.4)
e Masser med hgy sorbsjonskapasitet for Hg
o Etlag med masser med hgy sorbsjonskapasitet for kvikksglv vil binde
kvikksglv som diffunderer fra forurensningen i vraket og inn i
tildekkingslaget og kan dermed gke tiden fgr gjennombrudd av
kvikksglv gjennom tildekkingslaget.
0 Aktuelle materialer som kan brukes i en slik aktiv tildekking er:
= Aktivt kull
= Leirbasert materiale med sulfid-grupper bundet til leiren
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Felles for alle materialene som skal benyttes til tildekkingen og motfyllinger er at de
ma veare rene og tilfredsstille Miljedirektoratets tildekkingsveileder (Miljg-
direktoratet 2006). Dersom det skal brukes aktivt kull eller andre materialer som
inneholder organiske materialer ma kravet i denne veilederen om maksimum 0,5 %
TOC i tildekkingsmaterialet sees bort fra, men det ma da dokumenteres at det
organiske materialet i tildekkingsmaterialet er inert og ikke brytes ned. Dette er viktig
bade for & unnga gassdannelse i tildekkingen og for & hindre gkt metylering av
kvikksglv.

Dersom det skal benyttes aktive materialer ma det stilles krav til dokumentasjon av
funksjonalitet og til at de ikke gir ugnskede bieffekter. Slike krav kan stilles som en
del av anbudsprosessen eller det kan gjennomfares et pilotprosjekt der prekvalifiserte
materialer eller tildekkingsdesign testes under like forhold.

Dersom det brukes aktive materialer som beskrevet ovenfor i tildekkingen vil disse
kunne erstatte deler av lagene i tildekkingsdesignet med passive materialer.

En aktiv tildekking som binder Hg vil ikke redusere utlekkingshastigheten ved
"steady state", nar hele tildekkingen er i likevekt med den konsentrasjonsgradienten
som transporten gjennom tildekkingen gir. En slik aktiv tildekking gjer at det tar
sveert lang tid til en slik "steady state"-tilstand oppstar og dermed tiden til det i det
hele tatt kan komme Hg gjennom tildekkingen (>>1000 ar). Over sa lang tid kan
geologiske endringer pavirke omradet der forurensingen ligger. Pa bakgrunn av dette
kan det argumenteres for at et slikt lag med masser med hgy sorbsjonskapasitet for
Hg kan erstatte det meste av det kjemiske isolasjonslaget. Et aktivt lag kunne legges
ut som et 5 — 20 cm lag der tykkelsen bestemmes av hvordan laget skal legges ut.
Dersom laget legges ut sydd inn i geotekstiler vil dette kunne veere sa tynt som 5 cm,
hvis det legges ut som granulaere masser vil laget sannsynligvis matte veere 10 — 20
cm og med 10 cm beskyttelseslag bestaende av sandige masser mellom
adveksjonslaget og det aktive laget. Dette gir en anslatt tykkelse av det (aktive)
kjemiske isolasjonslaget pa 15 — 30 cm.
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Tabell 2. Tildekkingsdesign med aktive lag like ved vraket; lavpermeabelt og
sorbsjonslag. Tykkelse er bare beregnet for omradet narmest vraket med
utgangspunkt i 40 pg/L Hg i porevannet.

Kun Lav-permeabelt | Aktiv Lav-
passiv lag (Leirbasert | tildekking permeabelt
tildekking | adveksjonslag) | med lag og
sorpsjon av | sorpsjons-
Hg materiale
Erosjonslag 20 cm 20 cm 20 cm 20 cm
Bioturbasjonslag 15cm 15cm 15cm 15cm
Adveksjonslag (220-90- | 10 cm (leire) + 20 | (220 — 15 — | 10 cm (leire) +
15 cm)* = | cm beskyttelse 15 cm)* =20 cm
115 cm 190 cm beskyttelse
Kjemisk isolasjonslag | 90 cm 90 cm 15cm 15cm
Sum tildekking uten | 240 cm 155 cm 240 cm 80 cm
usikkerhet
Blandingslag 10 cm 10 cm 10 cm 10 cm
Usikkerhet plassering | 40 cm 40 cm 40 cm 40 cm
Total tykkelse design | 290 cm 205 cm 290 cm 130 cm

* 220 cm er tykkelse til bioturbasjonslag + adveksjonslag + kjemisk isolasjonslag. Bioturbasjonslaget
og kjemiskisolasjonslag trekkes i fra for & fa tykkelse som ma legges inn i design som tykkelse til
adveksjonslaget.

Den totale tildekkingstykkelsen kan reduseres med 85 — 160 cm ved a bruke
lavpermeabel tetting og aktiv tildekking. Tildekking med aktivt kjemisk isolasjonslag
gir ingen effekt pa tykkelsen alene fordi summen av tykkelsen av adveksjonslaget og
det kjemiske isolasjonslaget fortsatt ma veere 220 cm. Sammen med et leirbasert
adveksjonslag gir det mulighet for reduksjon av total tykkelse av tildekkingen.

6 Vurdering av usikkerhet knyttet til tildekkingen

Det er i denne vurderingen av ngdvendig tildekking benyttet sikkerhetsfaktorer og
konservative vurderinger som gir et design som er mer konservativt enn det som er
vanlig ved tildekking av forurenset sediment. Dette er gjort fordi det i dette prosjektet
ansees som kritisk & beskytte miljget mot forurensingen i omradet like ved vraket.
De moderat forurensede sedimentene utenfor de mest forurensede omradene like ved
vraket skal ogsa dekkes til. Her er det basert pa utfarte sedimentundersgkelser brukt
en lavere Hg-konsentrasjon enn like ved vraket som farer til tynnere kjemisk
isolasjonslag, men det er likevel benyttet det samme konservative designet som ved
tildekking like ved vraket.

Tildekkingen som er beskrevet i dette notatet er ogsa konservativ ved a anta hgye
konsentrasjoner i porevannet, ved at det tar hensyn til adveksjon i tildekkingen som
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kan forarsakes av stramning over tildekkingen og ved at lagene har blitt gitt ekstra
tykkelse for a veere siker pa at de oppfyller den funksjonen de skal ha. En tykkelse
pa 290 cm over vraket er betydelig stgrre enn de fleste tildekingslag som er benyttet
i andre prosjekter.

| forhold til forbruk av masse ma det ogsa beregnes et tap av masse ut av
tildekkingsomrade. Dette vil veere avhengig av mengde finstoff i massene,
stramforholdene og hvor langt over sjgbunnen massene slippes ut. Ekstra masser
ngdvendig for a dekke tap av masser er ikke estimert her.

Den totale tykkelsen av tildekking vil fa konsekvenser for starrelse og utforming av
motfyllingen nedenfor vraket. Det ma derfor bestemmes et toleranseintervall som
den totale oppfyllingshagyden inkludert fyllinger omkring vraket og tildekkingen ma
holdes innenfor, slik at tildekkingen tilfredsstiller bade de miljatekniske kravene til
tildekkingstykkelse og krav til stabilitet lokalt og globalt.
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1 Innledning

Tykkelse som tilfredsstiller miljgmalet er beregnet med en analytisk model utviklet
av Prof. Danny Rieble ved Texas Tech University (Lampert og Reible, 2009). Det er
beregnet ngdvendig tykkelse ved a anta en konsentrasjon i porevannet i kontakt med
rent kvikksglv pa 40 pg/L og i omradet omkring der sedimentet er forurenset men
der det ikke er rent kvikksglv pa 2 pg/L. Disse konsentrasjonene er de samme som
ble benyttet til beregning av transport i tidligere utredninger av
tildekkingsalternativet (DNV 2008). En kvikksglvkonsentrasjon pa 40ug/L tilsvarer
konsentrasjonen i vann i likevekt med rent kvikksglv, mens 2 pg/L er om lag som
konsentrasjonene malt i porevannet i forurensede sediment praver fra like ved vraket
(NIVA 2005). For denne beregningen er det antatt en Kd-verdi i det kjemiske
isolasjonslaget pa 200 L/kg, som tilsvarer det som kan forventes i inerte sand og grus
masser. | bioturbasjonslaget er det brukt en Kd-verdi pa 100 000 L/kg. Dette er det
som er malt i sedimentet i omradet og tilsvarer verdien som benyttes i
risikovurderinger av forurensede sedimenter (Miljedirektoratet (2012) Veileder for
risikovurdering av forurenset sediment. TA-nummer 2802/2011.).
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2 Inndata til modellering av tildekking pa det mest forurensede omradet
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ACTIVE CAP DESIGN MODEL

including steady state design model from Lampert and Reible (2008)*

Version 3.12
2008-01-07

Instructions: This spreadsheet determines concentrations and fluxes in a sediment cap at steady-state worksheet 1),
unsteady state (worksheet 2), assuming advection, diffusion, dispersion, bioturbation, deposition/erosion, sorption onto
colloidal organic matter, and boundary layer mass transfer. An active cap layer with enhanced sorption is considered by
converting to an equivalent conventional cap thickness.Depth is defined from the cap-water interface. A constant deposition
rate can be entered but is not allowed to result in a net contaminant velocity <0 (relative to the changing cap-water interface) .
The cells in blue are input cells; these can be changed for the design of interest. DO NOT CHANGE THE CELLS IN RED(or
the spreadsheet will not function properly). A second worksheet calculates the transient profiles for a semi-infinite case. The
third worksheet title "array" allows the user to create an array of outputs for a given input (e.g. to study different compounds

for a given site).

Contaminant Properties
Contaminant

Organic carbon partition coefficient, log K ,,

Colloidal organic carbon partition coefficient, logK poc
Water diffusivity, D,

Cap decay rate (porewater basis), 2 ,

Bioturbation layer decay rate (porewater basis), 4 ,

Sediment/Bioturbation Layer Properties
Contaminant pore water concentration, G
Biological active zone fraction organic carbon, €,c) pio
Colloidal organic carbon concentration,p poc
Darcy velocity, V

Depositional velocity, V g,

Bioturbation layer thickness, h

Pore water biodiffusion coefficient, D, "
Particle biodiffusion coefficient, D ,;,”
Boundary layer mass transfer coefficient, k
Effective retardation factor in sediment

Active Layer Properties

Layer thickness

Ratio of effective diffusion in active layer to conventional layer
Equivalent active layer thickness (steady state equivalent)
Effective Partition Coefficient

Active adsorbent loading

Effective retardation factor, active layer

Equivalent sandy cap thickness (transient equivalent)

Conventional Cap Properties

Depth of specific interest below cap-water interface, z
Fraction organic carbon at depth of interest, f . ()
Conventional cap placed depth

Cap materials -granular (G) or consolidated silty/clay (C)
Cap consolidation depth

Underlying sediment consolidation due to cap placement
Porosity, ¢

Particle Density, p p

Fraction organic carbon, (f,) e

Effective sand cap thickness, h ¢,y

Steady state equivalent cap thickness, h s,

Transient equivalent cap thickness, h ¢q,,

Chemical isolation layer partition coefficient

Output-Steady State Model

Pore water concentration at depth, C(z)

Solid concentration at depth of interest, W(z)

Average bioturbation layer loading, W s ) avg

Flux to overlying water column,J

Cap-bioturbation interface concentration,C;,/Cy C i
Cap-water interface concentration, C,/C, Cy

Average bioturbation concentration,(C o) ayg/C 05 (C bio) avg
Time to containment breakthrough, .

Dimensionless Parameters

Chemical isolation layer Peclet no.,Pe ;

Chemical isolation layer Damkohler no.,Da

B = SQRT(Pe,%/4+Da)

Bioturbation layer Peclet no., Pe ,

Bioturbation layer Damkohler no.,Da ,

7 = SQRT(Pe,?/4+Da)

Sherwood number at interface, Sh

Equivalent ratio of active layer thickness to sand layer

Other Parameters

Chemical isolation layer depth,h o

Chemical Isolation Layer Retardation Factor,R
Bioturbation layer retardation factor, R,
Effective advective velocity (>=0), U
Dispersivity, a

Chemical isolation layer diffusion/dispersion coeff.,D ;
Bioturbation layer diffusion/dispersion coeff.,D ,
Characteristic advection time-cap layer, t .,
Characteristic diffusion time-cap layer, t g
Characteristic reaction time-cap layer, ¢ jeca,

Hg
7,0 log L/kg
6,63 log L/kg
8,8E-06 cm/s
0,00 yr*
0,00 yr*

40 ug/L
0,01
0 mg/L
0 cm/yr
0 cm/yr
10 cm
0 cmlyr
5 cmlyr
0,75 cm/hr
100000

0,0 cm
1,00
0,0 cm
10000000 L/kg

3,91 kg/m~2/cm

312
0,00 cm

5 cm
0,01
93 cm
G
0 cm
0 cm
04
2,6 glcm®
0,00002
93,0 cm
93 cm
93
200,0 L/kg

0,006 ug/L
625,0 ug/kg
625 ug/kg

394 ug/melyr

0,0065 ug/L
0,0060 ug/L
0,0063 ug/L

0,02%
0,01%
0,02%

1,64E+03 yr

0,00
0,00
0,00
0,00
0,00
0,003
0,1
1,0

83 cm
312,4
156000
0 cm/yr
1,51 cm
82 cm?lyr
780082 cmlyr
2,59E+12 yr
1644,5 yr
infinite yr

Konservativt, ca 5.7e-6 ved 10 C

Depth (cm)

Cap Concentration Profile

Cap-Water Interface

Layer

Effective Cap Layer

0,20 0,40 0,60 0,80 1,00

Dimensionless Concentration, C/Cy

4-32cm2/

Py

Chme’ - Cuei/‘

2sinh g

{39

Al
=, e

e
o Gt =Cue”

2sinhy

Uh,,
Pey =—>
D, D,
10 cm bioturbasjonslag resten isolasjonslag (83 cm)

bap ~

h, z:|
—— |+

h,

eff

7—2}

Steady State Model Equations

_Pa
Ce’ -C,.e %
2sinh g

Pe] huw -
”‘{[7 "’]T,,}

G.e

bio

Pe
—Ce 2
Cye

2sinhy

Pe, h,—z
ex) o
2 P

i1

Pa
e ? Bsinhy
e,

C/)m =

%b‘cosh Asinh y + ysinh gcosh y —
€

y?sinh B

(Sh +%)Sinhy + ycoshy

Ce

C, =
Pe,

—+

2 Pe,

2

Pe,ShJsinhﬂcoshy .
B

*Lampert, D.J. and Reible, D.D. 2008. “An Analytical Modeling Approach for Evaluation of Capping of Contaminated

Sediments,” Soil & Sediment Contamination, (in press).

[% +Sh) cosh Bsinhy . Pe,ysinhysinh g
Y

+cosh fcosh
Pe, 4 r

2




3 Inndata til modellering av tildekking pa forurensede omrade lenger
unna vraket

p:\2013102\20130288\leveransedokumenter\teknisk notat\20130288-01-tn cap design\vedlegg a modellering.docx

e
NGI

Dokumentnr.: 20130288-01-TN
Dato: 2014-04-28

Rev.nr.: 0

Vedlegg A, side 5



ACTIVE CAP DESIGN MODEL

including steady state design model from Lampert and Reible (2008)*

Version 3.12
2008-01-07

Instructions: This spreadsheet determines concentrations and fluxes in a sediment cap at steady-state worksheet 1),
unsteady state (worksheet 2), assuming advection, diffusion, dispersion, bioturbation, deposition/erosion, sorption onto
colloidal organic matter, and boundary layer mass transfer. An active cap layer with enhanced sorption is considered by
converting to an equivalent conventional cap thickness.Depth is defined from the cap-water interface. A constant deposition
rate can be entered but is not allowed to result in a net contaminant velocity <0 (relative to the changing cap-water interface) .
The cells in blue are input cells; these can be changed for the design of interest. DO NOT CHANGE THE CELLS IN RED(or
the spreadsheet will not function properly). A second worksheet calculates the transient profiles for a semi-infinite case. The
third worksheet title "array" allows the user to create an array of outputs for a given input (e.g. to study different compounds

for a given site).

Contaminant Properties
Contaminant

Organic carbon partition coefficient, log K ,,

Colloidal organic carbon partition coefficient, logK poc
Water diffusivity, D,

Cap decay rate (porewater basis), 2 ,

Bioturbation layer decay rate (porewater basis), 4 ,

Sediment/Bioturbation Layer Properties
Contaminant pore water concentration, G
Biological active zone fraction organic carbon, €,c) pio
Colloidal organic carbon concentration,p poc
Darcy velocity, V

Depositional velocity, V g,

Bioturbation layer thickness, h

Pore water biodiffusion coefficient, D, "
Particle biodiffusion coefficient, D ,;,”
Boundary layer mass transfer coefficient, k
Effective retardation factor in sediment

Active Layer Properties

Layer thickness

Ratio of effective diffusion in active layer to conventional layer
Equivalent active layer thickness (steady state equivalent)
Effective Partition Coefficient

Active adsorbent loading

Effective retardation factor, active layer

Equivalent sandy cap thickness (transient equivalent)

Conventional Cap Properties

Depth of specific interest below cap-water interface, z
Fraction organic carbon at depth of interest, f . ()
Conventional cap placed depth

Cap materials -granular (G) or consolidated silty/clay (C)
Cap consolidation depth

Underlying sediment consolidation due to cap placement
Porosity, ¢

Particle Density, p p

Fraction organic carbon, (f,) e

Effective sand cap thickness, h ¢,y

Steady state equivalent cap thickness, h s,

Transient equivalent cap thickness, h ¢q,,

Chemical isolation layer partition coefficient

Output-Steady State Model

Pore water concentration at depth, C(z)

Solid concentration at depth of interest, W(z)

Average bioturbation layer loading, W s ) avg

Flux to overlying water column,J

Cap-bioturbation interface concentration,C;,/Cy C i
Cap-water interface concentration, C,/C, Cy

Average bioturbation concentration,(C o) ayg/C 05 (C bio) avg
Time to containment breakthrough, .

Dimensionless Parameters

Chemical isolation layer Peclet no.,Pe ;

Chemical isolation layer Damkohler no.,Da

B = SQRT(Pe,%/4+Da)

Bioturbation layer Peclet no., Pe ,

Bioturbation layer Damkohler no.,Da ,

7 = SQRT(Pe,?/4+Da)

Sherwood number at interface, Sh

Equivalent ratio of active layer thickness to sand layer

Other Parameters

Chemical isolation layer depth,h o

Chemical Isolation Layer Retardation Factor,R
Bioturbation layer retardation factor, R,
Effective advective velocity (>=0), U
Dispersivity, a

Chemical isolation layer diffusion/dispersion coeff.,D ;
Bioturbation layer diffusion/dispersion coeff.,D ,
Characteristic advection time-cap layer, t .,
Characteristic diffusion time-cap layer, t g
Characteristic reaction time-cap layer, ¢ jeca,

Hg
7,0 log L/kg
6,63 log L/kg
8,8E-06 cm/s
0,00 yr*
0,00 yr*

2 ug/L
0,01
0 mg/L
0 cm/yr
0 cm/yr
10 cm
0 cmlyr
5 cmlyr
0,75 cm/hr
100000

0,0 cm
1,00
0,0 cm
10000000 L/kg
3,91 kg/m~2/cm
318
0,00 cm

5 cm
0,01
14 cm
G
0 cm
0 cm
04
2,6 glcm®
0,00002
14,0 cm
14 cm
14
200,0 L/kg

0,006 ug/L
624,6 ug/kg
625 ug/kg
394 ug/melyr
0,32 % 0,0065
0,30 % 0,0060
0,31% 0,0062
4,02E+00 yr

0,00
0,00
0,00
0,00
0,00
0,003
0,1
1,0

4 cm
317,6
158600
0 cm/yr
0,08 cm
79 cm?lyr
793079 cmlyr
1,27E+11 yr
4,0 yr
infinite yr

Konservativt, ca 5

Cap Concentration Profile

Cap-Water Interface

0 Layer
2
= 4
§ 6
= 8 Effective Cap Layer
<
210
o 12
ig Underlying Sediment

0,00 0,20 0,40 0,60 0,80

Dimensionless Concentration, C/Cy

1,00

4-32cm2/ Steady State Model Equations
Pa P
Cue 2 -Ce? {[Pe] ]h —z] e ~Cue %
= — —exp| =+ |— |+ ————
2sinh g 2 h,, 2sinh g
Uh, S P
Pe=—L Da, :L 4 4 Dy
A D,
oG T =Cue” [1; . 7)/1,,,,,—z G =G
2sinhy 2 By 2sinhy
Ul L
e, =Y _chh,
D, D,

10 cm bioturbasjonslag resten isolasjonslag (4 cm)

C/)m =

Pa
e ? Bsinhy
€

,{[L
2

ex [Pez
2

h,,—
- ﬂ] Dy

_ )h,m—z
"I h

y?sinh B

%b‘cosh Asinh y + ysinh gcosh y —
€

Ce

2

(Sh +P—e)sinhy + ycoshy

i

ug/L
ug/L
ug/L

Pe,
—+

sinh B cosh N

Pe,ShJ
B

2 Pe,

2

[ﬁ + Sh)
2

*Lampert, D.J. and Reible, D.D. 2008. “An Analytical Modeling Approach for Evaluation of Capping of Contaminated

Sediments,” Soil & Sediment Contamination, (in press).
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1 GEOTEKNISK VURDERING AV STABILITET VED TILDEKKING

I Januar 2013 ble det utfgrt nye grunnundersgkelser rundt U-864. Blant annet ble det tatt
grunnundersgkelser tett inntil de to vrakdelene og i «dalen» nord gst for vrakdelene. Det ble tatt bade
«gravity core» prgver og «CPT» prgver (Cone Penetration Test).

*

2013 Vibro/Gravity core locations
v 2013 CPTU locations
2013 ROV Sample locations

o

6 745 400

_ 6745 200
:
;
" 6745 100—

6 745 000 =3
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Figur 1 Grunnundersgkelser utfgrt 2013, NGI.

Resultatene av de nye undersgkelsene er sammenliknet med eksisterende undersgkelser. Det henvises
til fglgende dokumenter:

e “Submarine Wreck U-864. Encapsulation of Wreck and Capping of Contaminated Seabed.
Geotechnical Design and Guidelines for Installation.» som ble utarbeidet av GeoPartner i 2007.
NGI report, “U-864 2013 Soil survey -Geotechnical Report”, Document No.: 20120738-01-RDate:
17 April 2013,Revision/Rev. date: O
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En sammenstilling av grunnundersgkelser er utfgrt av NGI og det kan konkluderes med at det ikke er
grunnlag for & endre lagdeling eller styrkeprofil som ble lagt til grunn da Geopartner utfgrte
stabilitetsvurderinger i 2007.

Det konkluderes videre med at de jordskjelvtekniske beregningene som ble utfgrt i 2007 er konservative.

Det har veert stilt spgrsmal i media hvorvidt tildekking vil veere intakt dersom ankere slippes ukontrollert
over tildekkingslaget eller om det skulle oppsté en forkastningssone (jordskjelv) gjennom
tildekkingsomradet. Begge hendelser er sveert lite sannsynlige, og det konkluderes med at
tildekkingslag av sand (ikke kohesivt materiale) vil ha en «selvreparerende effekt», ved at vertikale
kanter ikke er stabile og sand (ikke kohesivt materiale) vil falle ned i sprekker/grgfter.

1 2007 ble det ikke tatt hgyde for en effekt av konsolidering ved lagvis utlegging av sandfyllingen.
Uansett valg av tiltak, sa er det en klar anbefaling at en stattefylling bar legges ut uavhengig av om
tiltak med eller uten heving av last blir utfart.

NGI og DNVGL anbefaler & legge ut et 7 meter tykk stattefylling i «dalen» som ligger nord gst for
vrakdelene og la leira under f& anledning til & konsolidere 1-1,5 ar. Den positive effekten denne
konsolideringen har pa leiras styrke er vist i teknisk notat:

e NGI, technical note “Submarine Wreck U-864. Effect of consolidation on shear strength,
Document No. 20130288-02-TN, 31 January 2014.

Miljgavdelingene ved NGI og DNVGL har vurdert nsermere design av tildekkingslaget og funnet at
tildekkingslaget ma justeres, spesielt rundt vrakdelene i forhold til det som ble lagt til grunn i analysesen
utfgrt av Geopartner i 2007. Ved vrakdelene er tildekkingslaget blitt gkt og lenger vekk fra vrakdelene er
tildekkingslaget blitt noe redusert. Geopartner har med bakgrunn i oppdatert styrkeprofil og oppjusterte
tildekkingslag vurdert pa nytt behov for samlet volum av tildekkingsmateriale for & ivareta
skraningsstabiliteten. Det henvises her til notat fra Geopartner:

e Geopartner Marine as, Technical Note, Submarine Wreck U-864. Capping of wreck and
contaminated seabed. Evaluation of soil consolidation and increased capping height, 2014-03-04.

Opprinnelig volum av fyllingen ble i 2007 beregnet til 236.000m*. Nytt volum er beregnet til 235.300m3.
Det betyr at redusert volum som falge av forkonsolidering tilneermet blir oppveid av gkt volum som falge
av gkt tykkelse av tildekkingslag.
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1.1 Prinsipp ved utlegging av masser.

Viktig prinsipp for utlegging av masser er at man alltid legger masser i bunn av skraningen og bygger
seg oppover.

@kt risiko for ras Redusert risiko for ras

Figur 2 Prinsipp for utlegging av masser. Masser legges farst ut i bunn av skraningen.

Geopartner har utarbeidet en detaljert beskrivelse av utlegging i deres rapport fra 2007. | neste fase av
prosjektet m& denne revideres basert pa at man skal farst legge ut en stattefylling i 1-1.5ar og at
tildekkingslaget er gkt.

Det vil bli en egen entreprise for utlegging av stattefylling. Omtrentlige mal for stgttefyllingen er
150mx75mx7m (ca. 80.000m?3). Det forste laget som legges ut er et 0.5-1.0m tykt sandlag fer man
legger ut en steinfylling. Det er ingen spesielle krav til steinstgrrelse, men det anbefales utlegging med
fleksibelt fallrgr, og da vil steinstarrelsen stort sett matte veere mindre enn 0.5m i diameter. Van Oord
og Jan de Nul har skip som i lgpet av en tur kan legge ut ca. 25.000 tonn (ca.12.500m?®) med diameter
pa fallrgr ca. 1m. Etter at stgttefyllingen er lagt ut, vil det veere ngdvendig & legge ut ca. 160.000m?
med tildekkings masser.
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1.2 Geoteknisk stabilitet ved heving av last*

I januar 2014 utfgrte Kystverket ytterligere undersgkelser av vrakdelene. | den forbindelse var det et

gnske & vite mer om lagtykkelse av blgt leire over morene tett inntil vrakdelene. Grunnen til dette er
usikkerhet knyttet til hvordan kjglen ligger i forhold til morenelaget, stabilitet av jorda dersom man skal
rotere eller flytte vrakdelene samt muligheter for tilkomst til kjglen ved graving. DOF Subsea klarte ikke
med tilgjengelig utstyr & male dybde til morene laget som gnsket. Derimot ble det gravd med grabb og
minigraver inntil akterdelen og deretter mudring. Erfaring fra toktet er at det ikke er lett & grave med
maskin inntil vraket. Det var problemer med bratte arbeidsskraninger for gravemaskinen fordi leira er
blgt. Man ma tilstrebe slake graveskraninger. Videre ble det observert mye oppvirvling av masser i
vannet ved graving med tilhgrende redusert sikt. Nar det gjelder de faktiske forhold, sa vil DNV GL
forholde seg til vibro core malinger utfgrt 2013 inntil vrakdelene. Ved akterdelen er det pavist lgsmasser
fra 1.45m til 3.4m.

1 Gjelder kun Alternativ 3 «Heving av last»
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Figur 4 Typisk resultat fra vibro core boring like ved aktervraket, NGI.

Vi vet fortsatt ikke om kjglen har truffet harde morenemasser eller fjell da vrakdelene traff sjgbunnen.
Deler av kjglen kan enten veere intakt eller gdelagt.
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Executive Summary

The report presents the geotechnical data from the 2013 soil investigation
performed near the wreck parts from the submarine U-864 located about 2 nautical
miles west of the island Fedje in Hordaland, Norway. Data from a soil investigation
performed in 2006 is also included where applicable.

The soil investigation was carried out in January 2013 using the dynamically
positioned vessel Skandi Skolten. The soil investigation consisted of 50 locations
with CPTUs or soil sampling to depths ranging up to 6.1 m. Two of the locations
consisted of both CPTU and gravity core sampling. The water depth at the wreck
parts is around 150 m.

In the 2013 soil investigation 2 soil units was encountered, Unit | consist of sandy,

clayey SILT or clayey, silty SAND. Unit Il is interpreted as a soft to medium
CLAY.
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Al.l General

The German submarine U-864 was sunk by the British submarine Venturer on
ot February 1945, whilst being on its way from Germany via Norway to Japan with
a cargo of war material. According to historical documents, U-864 was carrying
about 65 tonnes of metallic (liquid) mercury, stored in steel containers. The wreck
of the U-864 was found by the Royal Norwegian Navy in March 2003 on 150
meters depth. The wreck lies approx 2 nautical miles west of the island Fedje in
Hordaland, Norway and was broken into two main parts as a result of the torpedo
hit.

A soil investigation was performed in 2006 (NGI, 2006). In January 2013 a new
soil investigation was performed as part of a larger survey using the vessel Skandi
Skolten.

This report summarizes the results from the soil investigations from the offshore
and onshore test results.

A detailed location plan with testing locations is shown in Figure Al.1. Herein, the
classification (in Norwegian only) of measured mercury content is given using a
colour for each of the samples acquired using the ROV. The mercury measurements
were performed by NIVA.

The onshore laboratory testing has been performed in NGI’s laboratory in Oslo.

In addition to the 35 samples acquired using the ROV, the 2013 soil investigation
consisted of 2 gravity core samples, 7 vibro core samples and 8 seabed CPTUs.

Al.2 Soil stratigraphy

In the 2013 soil investigation following two units was encountered:

- Unit I consist of sandy, clayey SILT or clayey, silty SAND.
- Unit Il is interpreted as a soft to medium CLAY.

Thicknesses of soil units are given in Part A2.
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A2.1 General

This part contains the interpretation of the available data from boreholes with
sampling and CPTUs carried out for the U-864 in 2006 and 2013. The scope of
work was to provide general soil information and information about mercury in the
soil.

The soil investigation builds on the 2006 soil investigation (NGI, 2006) where an
evaluation of the soil conditions was performed. A vicinity map and location plan is
shown in Part Al. Onshore and offshore laboratory testing has been performed on
soil samples down to about 4 m below seafloor. Seabed CPTU testing has been
performed to about 6 m below seafloor.

A2.2 Soil stratigraphy

The soil investigation in 2013 revealed, as the soil investigation in 2006, quite
homogenous soil conditions in the area.

In the 2013 soil investigation the following two soil layers was encountered
Unit I: SILT, sandy, clayey or SAND, clayey, silty
Unit Il: CLAY, soft to medium

Table A2-1 shows the thickness of the 2 soil units identified. The individual
borehole logs, Part B1, should be consulted for specific details.

Table A2-1  Soil layer thickness for locations performed in 2013

Location Unit | Unit 11
thickness [m] thickness [m]
2013-503/503A >1.7 -
2013-504 1.2 >49
2013-505 - >59
2013-506 15 >4.6
2013-509 0.15 >6.0
2013-510 0.75 >5.35
2013-511 1.5 >4.6
2013-512 0.95 >5.0
2013-401 0.6 >5.0
2013-402 0.5 >29
2013-403 0.0 >1.45
2013-404 1.0 >0.45
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Location Unit | Unit Il
thickness [m] thickness [m]
2013-405 0.6 >26
2013-406 0.1 >19
2013-407 >1.0 -

A2.3 Basic soil parameters
A2.3.1 Water content

The water contents were determined offshore and onshore. The individual results
for each borehole are presented on the borehole logs given in Part B1.

The measured values of water content are summarised in Figure A2.1. Results from
(NGI, 2006) are included.

A representative profile has been included in the figures and is based on data herein
and that presented in 2006. No systematic difference between onshore and offshore
measurements has been observed.

There is some scatter in the results, but in general the water content falls between
16% and 34% in the upper 4 m investigated with a representative value of 25 %.

The figure shows that the water contents measured in 2013 have a larger scatter
than in measurements performed in 2006. This is reasonable since the
measurements in 20013 are performed on samples from a larger area with larger
variations in water depth.

A2.3.2 Total unit weight of soil

Total unit weight of the soil, y, was determined onshore on a limited number of
advanced laboratory testing. Total unit weight values based on water content
measurements and unit weight of solid particles, ys = 27.3 kN/m3, assuming full
saturation, were also determined. The individual results for each borehole are
presented on the borehole logs in Part B1.

The total unit weight values are summarised in Figure A2.2 with the results from
(NGI, 2006) included.

Since the values to a large extent are based water content measurements the
comments given to the water content above is also applicable for the unit weight. A
representative unit weight, taken close to the average value of 20.1 kN/m?, has been
included.
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A2.3.3 Plasticity data

The liquid (wi) and plastic (wp) limits and the corresponding plasticity indices (Ip)
have been determined on a number of clay samples.

The plasticity index I, = wi — wp, is summarised and plotted versus depth in
Figure A2.3 with the results from (NGI, 2006) included. The plasticity index varies
between 10 % and 25 %. A representative profile close to the average value of
Ip =15 % has been included.

The plasticity index is plotted versus the liquid limit, wi, on the plasticity chart in
Figure A2.4. For all samples tested the results plot above the A-line.

According to “The Unified Soil Classification System” (ASTM, 2004) the soils
classify as “inorganic clay of low to medium plasticity, gravelly clays, sandy clays,
silty clays, lean clays”.

A2.3.4 Unit weight of solid particles

The unit weight of solid particles, ys, was determined on a total of 6 samples. The
results are presented in Figure A2.5. An average value of 27.3 kN/m? is considered
to be a representative value.

A2.3.5 Grain size distribution

The grain size characteristics have been determined on a total of 28 samples. The
individual grain size curves are presented in Part B2.

Figure A2.6 presents the clay and fines contents for the samples tested with the
results from (NGI, 2006) included.

There is a large scatter within the upper 1 m below seafloor. However, no distinct
trend was found. Trend lines of typical values (close to average values) of clay
content and fines content are shown. One curve represents the clay fraction
(i.e. particles less than 0.002 mm) with depth. The other curve represents the fines
content (i.e. particles less than 0.063 mm).

A2.3.6 Remoulded shear strength

Remoulded shear strength measurements have been carried out using index shear
strength tests on a number of remoulded clay samples. Whereas the sensitivity of a
clay sample is influenced by sample disturbance, the remoulded strength is not,
provided that the water content is unchanged. Standard practice at NGI is to use the
fall cone test to obtain remoulded strength values.

All direct measurements of remoulded strength have been plotted versus depth, as
presented in Figure A2.7.
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NGI suggests computing the remoulded undrained shear strength corresponding to
the direct simple shear, s,°%°, divided by the sensitivity (Si). With the strength
anisotropy as discussed later of s,°5%/s, = 0.7 the remoulded strength (su) is
simply:

Sur=0.7" Suc /St

The high and low representative shear strength profiles from Figure A2.14 have
been transformed using a general sensitivity value of 3. The resulting curves of
representative sur- values for are included in Figure A2.7 and represent the
suggested high and low representative syr profiles. High or low values are to be
chosen depending on what is appropriate for the analysis in question.

A2.3.7 Sensitivity

Sensitivity has been determined from index shear strength tests on intact and
remoulded clay samples. The sensitivity is calculated as St = su/Sur, Where sy and Sur
are the shear strengths for the intact and the remoulded samples, respectively. All
measurements have been presented on the borehole logs in Part B1 for each
individual boring.

A summary plot of sensitivity values is presented in Figure A2.8. Results from
(NGI, 2006) are included.

In the 2006 investigation 4 fall cone tests were performed with a recommended
St=2.5. In the 2013 soil investigation 17 fall cone tests were performed. While there
is scatter in the results, the sensitivity typically varies between 2 and 4. A
representative value of Si=3 is suggested.

A2.3.8 Mercury sampling locations

Mercury content measurements are performed by NIVA, both in the soil samples
obtained using the ROV and the vibro core samples taken close to the 2 wreck
parts. All measurements have been presented on the borehole logs in Part B1 for
each individual boring. Figure A2.9 shows the sample locations together with a
colour code referring to the mercury level.
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A2.4 In situ stresses and stress history
A2.4.1 In situ effective vertical stress, po’

The representative profile of effective vertical stress, po', can be calculated as:
0<z<4dm: po'= 10.1z [kPa]
where z is depth below seafloor.

A2.4.2 Preconsolidation stress (pc') and overconsolidation ratio (OCR)

Interpretation of preconsolidation stress, pc', is based on results from oedometer
tests on undisturbed clay samples using the interpretation methods recommended
by Casagrande (1936), Becker et al. (1987) and Janbu (1970). The
overconsolidation ratio, OCR (= pc'/po’), can be calculated directly using the
estimates of p¢', and the in situ effective stress using measured unit weights.

In this project, when estimating pc' and OCR for a clay material empirical
correlations between s,%/c'y, OCR and I, (Andresen et al., 1979), as presented in
Lunne et al. (1997) have been used.

Figure A2.10 presents the overconsolidation (OCR) and include an assessment of
OCR from the CPTUs using the correlations from Andresenet al. (1979), as
described above. First, s, is computed as described in A2.5.2 below, then s.*/po’
and Ip is used to estimated OCR.

It is also possible to obtain OCR from the following formula:
OCR =k [(gt-ovo)/ovo’] see also (Lunne et al. (1997):

The profile shows a significant range in OCR in the upper 2 m below seafloor.
From 2 to 6 m below seafloor, the OCR decreases from around 2 to about 1.

A25  Static soil strength parameters
A2.5.1 General

The undrained shear strength has been measured by various laboratory test methods
including index tests in the offshore and onshore laboratories, consolidated
undrained triaxial tests and consolidated constant volume DSS tests in the onshore
laboratory. The methods applied and results obtained are described in Part B. In
addition, CPTUs have been performed and interpreted in terms of s, by a cone
factor Nt as discussed below.

All measured values of undrained shear strength have been summarised on the
borehole logs as presented in Part B1.
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A2.5.2 Interpretation of undrained shear strength, total stresses

The conventional way of calibrating the Nkt factors is to compare the undrained
shear strength value from a triaxial compression test, s,©, with the corrected cone
resistance, ¢, from nearby CPTUs at the same depth. Figure A2.11 presents
corrected cone resistance, g, versus depth.

Both in 2006 and in 2013 some triaxial compression tests were performed. In 2006
an Nge-factor of 15 was recommended. The CPTU results have been correlated to
the undrained shear strength found from the static triaxial compression tests, su°,
using the following formula:

s = Onet/Nkt

where Onet= (qt - ov0)
gt = corrected cone resistance
ovo = total vertical stress (=po)

The resulting plot of Nk values with depth is presented in Figure A2.12. A
representative Ng-value of 12 is judged representative based on data from both soil
investigations. Figure A2.13 shows the results from the triaxial tests (CAUC) and
the direct simple shear tests (DSS) presented together with relevant CPTU data
interpreted using an Nkt = 12.

All the CPTUs performed in 2006 and 2013 are shown in Figure A2.14 were they
have been interpreted using an Nkt = 12. Representative high and low profile have
been included based on all CPTU results.

Undrained shear strength anisotropy in terms of s,°55/s,® has been evaluated based
on the DSS and the CAUC tests performed in 2013. The representative anisotropy
ratio based on the average for these tests is s,°%%/s,® = 0.7.

A2.5.3 Interpretation of static triaxial tests, effective stresses

Figure A2.15 presents the effective stress paths from the 3 triaxial tests performed
in 2013.

The compression tests demonstrate contractive behaviour, typical for modest
overconsolidated clays. The failure envelope defined by the effective stress paths
can be represented by two parameters, the effective stress friction angle ¢’ and the
attraction intercept, a. The intercept, a, is related to the internationally used
cohesion, ¢, as:

c=a-tan ¢’
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One common failure line was defined as presented in Figure A2.15.The following
effective stress strength parameters is considered representative:

ou’ =33.4° a=5KkPa (in compression)

For comparison, the effective stress strength parameters recommended in 2006
(NGI, 2006) were:

ou’ =31.0°, a=23.3 kPa (in compression)

The difference is believed to be a result of different testing depths between the tests
done in 2006 compared to the tests done in 2013.

A2.6 Comments on quality of samples

Based on results of oedometer and triaxial tests carried out at NGI’s laboratory 4
samples have been evaluated to be of “good to fair” quality and one sample is
evaluated to be of “poor” quality. The evaluation is based on the measured volume
change when consolidating the samples back to the best estimate of in situ stresses
as discussed in Part B.

The poorer sample quality comprises an uncertainty, which is considered in the

evaluation of the test results, i.e. the results may be given less weight as they are
believed to be more influenced by sample disturbance.
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A3.1 List of symbols

ENGLISH

Cu=Su

Dy

D1o
Dso
Dso
Doo

emax

€min
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attraction (= ¢'cot ¢', in terms of effective stress)
pore pressure parameter

area

skirt base area

cross-sectional area of cone.

skirt wall area

Skempton's pore pressure parameter
pore pressure parameter

cohesion (in terms of effective stress)
cohesion (in terms of total stress)

rate of secondary compression
horizontal coefficient of consolidation
vertical coefficient of consolidation
undrained shear strength

diameter

damping ratio

dilatancy parameter

. . € . €
relative density (D = —T™—— . 100%)
€. . €

max - ~min

the size such that 10, 50, 60 or 90 % (by weight)
of the sample consists of particles having a smaller
nominal diameter

void ratio

maximum void ratio
minimum void ratio
Young's modulus
undrained Young's modulus

unit skin friction resistance

degree of mobilization

unit sleeve friction resistance

pile penetration factor

factor of safety

factor calculating friction resistance to driving
pile penetration factor

friction ratio (= fs/qc - 100 %)
acceleration due to gravity

shear modulus

specific weight

maximum shear modulus, shear stiffness
water pressure gradient

plasticity index

factor to estimate reduced strength zone
horizontal stress index from dilatometer
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k = coefficient of permeability
k = correction factor; ratio of the pore pressure measured

immediately behind the cone neck and the measured
pore pressure at the tip

K = coefficient of earth pressure at rest (effective), remoulded
and reconsolidated soil
K¢' = onc/ove', ratio between horizontal and vertical consolidation

stress after pile installation

Ko = coefficient of earth pressure at rest (effective)
L = length

LD = pile length/pile diameter

LI = liquidity index = (w-wp)/(wWL-Wp)

m = dimensionless deformation modulus number
my = coefficient of volume change

M = constrained deformation modulus

Moy = average constrained deformation modulus
Mo = reference constrained modulus from CPT results
n = porosity

Nmax = maximum porosity

Nmin = minimum porosity

N = No. of blows on the SPT

N = number of cycles

Naw = pore pressure factor

N = bearing capacity factors

Nt

Nq

Ng*

Ntq = cone factors

Np

Nk

Nke

Nt

Nm = cone resistance number

Nu = pore pressure factor

Po' = effective overburden pressure

Po = total overburden pressure

pe' = effective preconsolidation pressure

Ap = increase in effective vertical stress

p = reference pressure for modulus number concept

p-y = curves representing lateral soil reaction versus relative displacement
between pile and soil

Jc = measured point resistance
9(2) = cone resistance at depth z

Oe = effective cone resistance

of: = unit skirt wall friction

Ot = corrected point resistance

On = net point resistance (= g: - Po)
Jo = unit end bearing

gr = total cone resistance

Gtip = unit skirt tip resistance
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SRD

unit wall friction

estimated pile bearing capacity

shaft friction capacity

end bearing capacity

end bearing capacity. Total cross-section
end bearing capacity. Wall cross-section
shaft friction capacity between soil and internal pipe wall
radius of cavity

resistance number

FR= friction ratio (= fs/qc - 100 %)
initial radius of spherical cavity

radius of plastic zone around spherical cavity
ultimate radius of spherical cavity
undrained shear strength

shear stress level

cyclic shear stress level

degree of saturation

Sy active

s, direct

Sy passive

s, from triaxial compression test

s, from direct simple shear test

s, from triaxial extension test
Remoulded shear strength

sensitivity

static resistance during driving

time

pile/soil shear transfer

curves representing mobilization of friction with relative
displacement between pile and soil

time factor

reference time

load period

unit weight

pore water pressure

excess pore water pressure

excess pore water pressure

rate of flow

water content

water content

initial water content

final water content

plastic limit
liquid limit
depth

vertical displacement of pile element
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GREEK
o} = angle
o = "constant"
o} = coefficient converting undrained shear strength to wall friction qw or unit
skin friction f
o} = area ratio (CPT)
Olm = factor converting undrained shear strength to E,
R = angle
R = "constant”
R = correction factor
' = effective unit weight
Yd = dry unit weight
s = unit weight of solid particles
Yw = unit weight of water
Y = shear strain
Ya = average shear strain
Yey = cyclic shear strain

Vi = shear strain at failure

Yh = horizontal shear strain

TN = cyclic shear strain after N cycles
o = settlement

) = displacement

S = rate of settlement

A = change, e.g. Ac

I = normal strain

€a = axial strain

€ac = axial consolidation strain

€acy = axial cyclic strain

df = axial strain at failure

€ap = permanent axial strain

€cy = cyclic strain

€n = horizontal strain

N = axial strain after N cycles

&v = vertical strain

Evol = volumetric strain

A = rate factor

A = skin friction factor

V) = Poisson's ratio

L = coefficient of variation

p = specific resistivity

p = density

p = mobilized total friction angle
p' = mobilized effective friction angle
Ps = density of solid particles

) = sum

c,6' = normal stress (total, effective)
1,01 = major principal stress
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G2,62'
03,03’
Ga

CTa,CTaI

Gac,Cac. =

Gacy Gacylz

G¢,Oc
Gh,Oh’

—
Goct,Ooct —

o1, o

Gic,Orc =

ov,ov'
T
Ta

p:\2012\07\20120738\leveransedokumenter\rapport\20120738-01-r u-864\part a3 - list of symbols.docx

intermediate principal stress
minor principal stress

reference stress (atmospheric pressure) = 100 kPa

axial stress (total, effective)
axial consolidation stress

axial cyclic stress

consolidation stress

horizontal stress

octahedral stress

radial stress

radial consolidation stress
vertical stress

shear stress

average shear stress

cyclic shear stress

undrained shear strength
horizontal shear stress

average cyclic horizontal shear stress
cyclic horizontal shear stress
horizontal shear stress at failure

horizontal shear stress at failure after cycling

total friction angle

effective friction angle
mobilized effective friction angle
drained friction angle

undrained friction angle
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A3.2 Abbreviations

ADP
ASTM
CAD
CAU
Cccv
CID
Clu
CPT
CPTU
PCPT
CRSC
DSS
ECSMFE

ESOPT
GWT
INCR
ICSMFE

JGED
NC
NPD
OoC
OCR
OED
SPT
ucT
uu
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Active, direct and passive

American Standard for Testing and Materials
Consolidated Anisotropic Drained
Consolidated Anisotropic Undrained
Consolidated Constant Volume

Consolidated Isotropic Drained

Consolidated Isotropic Undrained

Cone Penetration Test

Cone Penetration Test

Cone Penetration Test

Constant Rate of Strain Consolidation

Direct Simple Shear

European Conference on Soil Mechanics and
Foundation Engineering

European Symposium on Penetration Testing
Ground Water Table

Incremental Loading

International Conference of Soil Mechanics and
Foundation Engineering

Journal of the Geotechnical Engineering Division
Normally Consolidated

Norwegian Petroleum Directorate
Overconsolidated

Overconsolidation Ratio

Consolidation Test

Standard Penetration Test

Unconfined Compression Test
Unconsolidated Undrained
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A3.3 Classification systems (NGIs standard practice)
A3.3.1 Shear strength of cohesive soils

The terms used to describe specific shear strength ranges are:

Term Su
(kPa)

Very soft <125
Soft 12.5-25
Medium 25-50
Stiff 50 - 100
Very stiff 100 — 200
Hard 200 — 400
Very hard > 400

A3.3.2 Density of sand

The density of sand is described to be

Term D,
(%)
Very loose <15
Loose 15-35
Medium dense 35-65
Dense 65 -85
Very dense > 85
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A3.3.3 Terms characterizing soil structure

Term Description

PARTING horizontal inclusion of different soil type less than 3mm
thick

SEAM(S) horizontal inclusion of different soil type 3mm to 75 mm
thick

LAYER horizontal inclusion of different soil type greater than
75mm thick

POCKET(S) inclusion of different soil type that is smaller than the
diameter of the soil sample

BLOCKY containing discrete blocks of soil set in a non-structured

matrix
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PSEUDO-BLOCKY

block structures formed by intersecting fissures

PLATY

containing discrete platelets with one dimension (the
vertical) limited and less than the other two

SLICKENSIDED

having inclined planes of weakness that are slick and
glossy in appearance

FISSURED containing small scale discontinuities in soil fabric

LAMINATED composed of thin seams or partings of varying colour and
texture

FOLIATED containing small scale laminar structure with no colour or
textural variations

INTERLAYERED composed of alternate layers of different soil types

WELL-GRADED

having wide range in grain sizes and substantial amounts of
all intermediate particle sizes

POORLY-GRADED

predominantly of one grain size, or having a range of sizes

with some intermediate size missing

A3.3.4 Grain size distribution

The grain size distribution is presented as percentages of the various grain sizes present in
the soil as determined by sieving and sedimentation. The terms used to describe grain sizes
are:

Cobbles 60 - 200 mm

Gravel 2-60mm
Coarse gravel 20 - 60 mm
Medium gravel 6-20 mm
Fine gravel 2-6mm

Sand 0.06 - 2 mm
Coarse sand 0.6-2mm
Medium sand 0.2-0.6 mm
Fine sand 0.06 - 0.2 mm

Silt 0.002 - 0.06 mm
Coarse silt 002 -0.06 mm
Medium silt 0.006 - 0.02 mm
Fine silt 0.002 - 0.006 mm

Clay <0.002 mm
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A3.3.5 Plasticity

The soil classification system used is the soil classification NS 8002 and NS 8003.
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Part B1 - Soil Description and
Boring Profiles

Contents

Bl.1 General
B1.2 Borehole logs

Figures

B1.1-B1.38 Borehole logs and classification results. CPTU and Gravity core locations
B1.9-B1.15 Borehole logs and classification results. Vibro core locations
B1.16 - B1.50 Borehole logs and classification results. ROV sample locations
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B1.1 General

This part presents the borehole logs based on in situ and offshore laboratory test
results from the field work and the results from the onshore laboratory tests
performed at NGI’s laboratory in Oslo.

Note that the laboratory testing of the mercury concentration was performed by
NIVA. The borehole locations are shown in Part Al.

B1.2  Borehole logs

The borehole logs are presented in Figures B1.1 to B1.50 for the performed sample
locations near the submarine U-864. The borehole logs are based on

- offshore and onshore laboratory test results on gravity and vibro core samples

- offshore laboratory tests on samples obtained using the ROV tool

- cone penetration test results, as presented in Part B3.

The classification system used is the NGIs standard practice as described in
Part A3. The water depth was submitted to NGI by DOF Subsea during the offshore
campaign.

An average total unit weight of 20 kN/m? has been used to establish the corrected
cone resistance. For interpretation of s,¢ from the CPTU data in the borehole logs
an Ny factor of 12. This is based on a combined evaluation of measurements
performed in 2006 and in 2013 and is also further evaluated in Part A.
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B2.1 General

A number of classification tests have been performed in the offshore and onshore
laboratories in order to obtain basic soil characteristics on samples from the
locations where samples were obtained. Most individual test results are given in the
borehole logs in Part B1.

Tables B2-1 and B2-2 show a summary of classification tests performed in the
offshore and onshore laboratories.

The test procedures for the individual tests are presented in Part B7.

B2.2 Water content

Water contents measured on all sample tubes opened offshore and on selected
specimens onshore are presented in the borehole logs in Part B1.

B2.3  Total unit weight

The measured results are presented in the borehole logs in Part B1. Total unit
weight as measured on all advanced tests as well as the values based on water
content measurements are presented in the borehole logs, assuming a unit weight of
solid particles of 27.3 kN/m? and 100 % saturation.

B2.4 Grain size distribution

The grain size distribution was determined on selected samples. Grain size distri-
butions are found using the falling drop method (Moum, 1965) for the clay and silt
fractions, and by wet sieving for the coarser fractions. See Part B7 for description
of test procedure. Numerical values for the clay, silt and sand fractions are listed in
Table B2-2.

The detailed grain size distribution curves are presented in Figures B2.1 to B2.6.

B2.5 Liquid and plastic limits

The liquid limit, wy, and the plastic limit, wp, have been determined on selected
samples. The measured w_ and w, together with the plasticity index
Ip = wi-wp, are presented in the borehole logs in Part B1 and in Table B2-2.

The liquidity index, I.=(w-wp)/l,, where the in situ water content (w) is taken as the

measured water content (offshore or onshore) closest to the corresponding depth of
the measured plastic limit are presented in Table B2-2.
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B2.6  Index shear strengths and sensitivity

Index strength tests were carried out offshore and onshore using fall cone, motor
vane, lab vane and torvane.

The sensitivity is taken as S; = su/Sur Wwhere sy and syr are the shear strengths found

for the intact and the remoulded samples, respectively. The results are presented in
Tables B2-1 and B2-2 as well as in the borehole logs in Part B1.

B2.7  Unit weight of solid particles

The unit weight of solid particles, ys, was determined on selected samples. The
individual results are presented in Table B2-2.
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Table B2-1 SUMMARY OF CLASSIFICATION TESTS, OFFSHORE LABORATORY

Water Mercury Unit INDEX STRENGTH COMMENTS
Boring Depth content content weight Fall cone Sensitivity
No. w ¥ (we) Sy Sur s, Fall cone
m % mg/kg KkN/m® kPa kPa
2013-401 0.05 3.563
2013-401 0.10 57.1 16.6
2013-401 0.15 0.406
2013-401 0.55 51.1 0.365 17.0
2013-401 1.05 0.153
2013-401 1.10 15.7 22.0
2013-401 1.15 0.103
2013-401 2.05 0.057
2013-401 2.15 23.8 0.137 20.3 6.6 1.8 3.7
2013-402 0.05 1.490

2013-402 0.15 10.7 0.018 23.2
2013-402 0.55 125 0.120 22.7

2013-402 1.05 0.092

2013-402 1.15 0.030

2013-402 118 24.7 20.1 25.0 7.7 3.2
2013-402 2.05 0.039

2013-402 2.10 24.7 20.1 30.0 7.3 4.1
2013-402 2.15 0.012

2013-403 0.05 0.067

2013-403 0.12 28.9 19.5

2013-403 0.15 0.014

2013-403 0.55 25.7 0.006 20.0
2013-403 1.05 11.7 0.012 22.9

2013-403 115 0.036

2013-404 0.05 0.205

2013-404 0.10 31.7 191

2013-404 0.15 0.209

2013-404 0.85 30.7 0.013 19.2 8.9 2.2 4.0
2013-404 0.95 0.002

2013-404 1.82 15.9 21.9

2013-404 1.95 171 21.6

2013-405 0.05 22.7 | 87.600 | 20.5
2013-405 0.55 23.1 0.837 20.4
2013-405 1.05 27.5 0.128 19.7

2013-405 1.15 0.132

2013-405 2.05 27.4 0.075 19.7 6.6 2.1 3.1
2013-405 2.15 0.131

2013-405 3.05 375 18.3

2013-405 3.05 0.060

2013-405 3.15 8.220

2013-406 0.05 27.5 3.030 19.7
2013-406 0.15 34.000
2013-406 2.15 23.800

2013-407 0.05 129 | 37.400( 22.6
2013-407 0.15 18.400
2013-407 0.55 25.8 1.768 19.9

2013-509 0.15 26.7 19.8
2013-509 1.15 31.9 19.0 8.6 2.1 4.1
2013-509 2.15 30.1 19.3 8.4 2.0 4.2
2013-509 3.15 24.6 20.1 12.0 4.2 2.9
2013-512 0.15 324 19.0
2013-512 1.15 28.2 19.6
2013-512 2.15 25.9 19.9 15.0 3.7 4.1
2013-512 3.15 25.6 20.0 24.0 35 6.9
CLIENT: DOF Subsea
PROJECT: U-864 2013 Soil Survey

Document No.: 20120738-01-R
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TABLE B2-2 SUMMARY OF CLASSIFICATION TESTS, ONSHORE LABORATORY

Water Soil unit | Unit weight INDEX STRENGTH PLASTICITY DATA GRAIN SIZE DISTRIBUTION COMMENTS
Boring Depth content weight | of solid part. Fall cone Sensitivity | Plastic limit | Liquid limit | Plast.Index clay clay+silt | clay+silt +sand
No. w Y s Su gy || & We w, Iy <2pm k0.063mn| <2mm
m % KkN/m?® KN/m® kPa kPa % % % % % %

2013-401 0.10 14.5 34.7 20.2 21 40 96
2013-401 0.55 17.3 40.5 23.2 31 57 95
2013-402 0.10 8 21 79
2013-402 0.55 14.0 28.7 14.7 20 43 94
2013-402 1.10 15.4 32.0 16.6 17 53 97
2013-402 2.10 14.8 30.9 16.1 29 68 100
2013-402 2.50 17.7 21.47
2013-402 2.82 24.6 20.15
2013-402 2.88 280 | 33 8.5
2013-403 0.10 13.1 25.1 12.0 17 44 81
2013-403 0.55 20 54 97
2013-403 1.10 14 41 92
2013-404 0.10 26.96 20 35 72
2013-404 0.40 29.7 19.35
2013-404 0.68 34.2 18.74
2013-404 0.85 27.38 14.4 314 17.0 25 59 100
2013-404 117 16.7 21.69
2013-404 1.62 21.1 20.78
2013-404 1.65 16.0| 7.7 2.1
2013-404 1.90 27.29 13.2 25.7 12.5 11 35 85
2013-404 2.20 119 22.89
2013-405 0.05 10 23 73
2013-405 0.43 26.4 19.86
2013-405 0.55 9 16 81
2013-405 0.80 13.7 29.0 15.3
2013-405 1.05 134 28.9 155 21 65 94
2013-405 1.37 26.3 19.86
2013-405 1.40 15.0| 45 3.3
2013-405 1.83 35.2 18.62
2013-405 1.89 9.8 | 41 2.4
2013-405 2.02 15.6 34.9 19.3 26 57 100
2013-405 2.37 15.0| 4.8 3.1
2013-405 2.40 22.4 20.54
2013-405 2.82 28.0 19.60
2013-405 2.87 81 | 37 2.2
2013-405 3.05 16.6 39.2 22.6 26 55 92
2013-407 0.15 4 11 87
2013-407 0.55 24 55 94
2013-509 0.18 27.40 21 46 91
2013-509 0.33 20.3 20.93 150 | 6.4 2.3
2013-509 0.75 21.9 20.63 150 | 7.7 1.9
2013-509 1.05 27.45 15.0 32.4 17.4 28 62 91
2013-509 1.33 20.4 20.91 28.0| 2.4 11.7
2013-509 1.81 21.4 20.73
2013-509 2.15 27.46 13.8 25.6 11.8 18 58 100
2013-509 2.47 23.4 20.36
2013-509 3.15 135 25.5 12.0 19 54 100
2013-509 3.38 16.2 21.82
2013-509 3.42 19.0 | 4.6 4.1
2013-509 3.70 21.3 20.74
2013-509 3.75 13.0 | 3.8 3.4
2013-512 0.31 12.6 22.70
2013-512 0.95 20.2 20.97 12.6 26.2 13.6 16 48 93
2013-512 1.05 125 24.1 11.6 19 50 100
2013-512 1.30 20.5 20.90
2013-512 1.33 23.9 20.27
2013-512 1.34 17.0| 4.2 4.0
2013-512 1.65 14.2 28.3 141
2013-512 1.75 24.3 20.19 18.0 | 4.6 3.9
2013-512 1.80 27.0 19.75
2013-512 1.82 21 60 100
2013-512 2.37 18.0 | 3.8 4.7
2013-512 2.60 135 26.4 12.9 17 55 99
2013-512 2.66 26.5 19.83
2013-512 2.76 10.0 | 4.3 2.3
2013-512 3.28 27.9 19.61
2013-512 3.35 240 | 6.6 3.6
2013-512 3.45 24.5 20.17
2013-512 3.52 22.8 20.46
2013-512 3.57 26.5 19.83
2013-512 3.62 18 56 100
2013-512 3.70 11.0| 35 3.1
2013-512 3.77 24.1 20.24
2013-512 3.82 13.1 25.6 125

CLIENT: DOF Subsea

PROJECT: U-864 2013 Soil Survey

Document No.:  20120738-01-R
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Curve| Boring Sample Depth Dio Deo  |Clay cont.|Soil Description 2";;:\‘/2?
No. No. m mm mm % sieving
A |2013-509GC 1 0.17 0.175 21.4 CLAY, sandy, silty Fall
B |2013-509GC 2 1.05 0.041 27.8 CLAY, silty, sandy Fall
C
D
E |2013-509GC 3 2.15 0.062 18.4 |CLAY, silty, sandy Fall
F |2013-509GC 4 3.15 0.081 19.1 CLAY, sandy, silty Fall
G
H
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Curve| Boring Sample Depth Dio Deo  |Clay cont.|Soil Description 2";;:\‘/2?
No. No. m mm mm % sieving
A |2013-512GC 1 0.95 0.126 15.8 CLAY, sandy, silty Fall
B ]2013-512GC 2 1.05 0.101 18.5 CLAY, sandy, silty Fall
C |2013-512GC 2 1.82 0.059 20.7 CLAY, silty, sandy Fall
D
E |2013-512GC 3 2.6 0.100 16.9 CLAY, sandy, silty Fall
F |2013-512GC 4 3.62 0.072 17.7 CLAY, silty, sandy Fall
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H
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Curve| Boring Sample Depth Dio Deo  |Clay cont.|Soil Description 2";;:\‘/2?
No. No. m mm mm % sieving
A | 2013-401VvC 1 0.1 0.203 21.2 CLAY, sandy, silty Fall
B 2013-401vC 1 0.55 0.094 31.2 CLAY Fall
C
D
E |2013-402vVC 1 0.1 0.005 0.685 7.8 Sandy, gravelly, silty, clayey Wet/Fall
F 2013-402vC 1 0.55 0.157 19.7 CLAY, sandy, silty Fall
G | 2013-402vC 2 1.1 0.089 16.9 CLAY, sandy, silty Fall
H 2013-402vC 3 2.1 0.026 29.0 CLAY, silty, sandy Fall
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Curve| Boring Sample Depth Dio Deo  |Clay cont.|Soil Description 2";;:\‘/2?
No. No. m mm mm % sieving
A |2013-403VC 1 0.1 0.252 16.7 CLAY, sandy, silty Wet/Fall
B 2013-403VC 1 0.55 0.085 20.2 CLAY, sandy, silty Fall
C |2013-403vC 2 1.1 0.195 13.5 |Sandy, silty, clayey Fall
D
E |2013-404VC 1 0.1 0.710 19.5 |CLAY, gravelly, sandy, silty Wet/Fall
F 2013-404VC 1 0.85 0.060 24.7 |CLAY, silty, sandy Fall
G |2013-404VC 2 1.9 0.257 10.8 |Sandy, silty, clayey Wet/Fall
H
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Curve| Boring Sample Depth Dio Deo  |Clay cont.|Soil Description 2";;:\‘/2?
No. No. m mm mm % sieving
A | 2013-405VC 1 0.05 0.696 10.0 |Sandy, gravelly, clayey Wet/Fall
B | 2013-405vVC 1 0.55 0.003 0.535 9.2 SAND, coarse to fine, gravelly, clayey Wet/Fall
C |2013-405vC 2 1.05 0.155 20.9 CLAY, sandy, silty Fall
D
E 2013-405vC 3 2 0.075 25.5 CLAY, sandy, silty Fall
F 2013-405vC 4 3.05 0.106 25.9 CLAY, sandy, silty Fall
G
H
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Curve| Boring Sample Depth Dio Deo  |Clay cont.|Soil Description 2";;:\‘/2?
No. No. m mm mm % sieving
A | 2013-407VC 1 0.15 0.022 0.564 4.1 SAND, coarse to fine Wet/Fall
B 2013-407VvC 1 0.55 0.070 23.7 CLAY, sandy, silty Fall
C
D
E
F
G
H
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Location 2013-503. Plot of g, fs and uz versus depth.
Location 2013-503. Plot of qt, Rf and Bq versus depth.
Location 2013-503A. Plot of g, fs and u2 versus depth.
Location 2013-503A. Plot of qt, Rf and Bq versus depth.
Location 2013-504. Plot of qc, fs and u2 versus depth.
Location 2013-504. Plot of qt, R and Bq versus depth.
Location 2013-505. Plot of qc, fs and uz versus depth.
Location 2013-505. Plot of qt, R and Bq versus depth.
Location 2013-506. Plot of qc, fs and u2 versus depth.
Location 2013-506. Plot of qt, Rf and Bq versus depth.
Location 2013-509. Plot of qc, fs and u2 versus depth.
Location 2013-509. Plot of qt, Rf and Bq versus depth.
Location 2013-510. Plot of qc, fs and u2 versus depth.
Location 2013-510. Plot of qt, R and Bq versus depth.
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B3.1 Summary

For each location the following data are presented:

- Cone resistance (qc)

- Sleeve friction (fs)

- Pore water pressure (u)

- Total cone resistance (i)

- Friction ratio (Ry)

- Pore water pressure ratio (Bg)

The CPTU were performed Geo-Engineering, see field report in Part C3. It would
have been useful if the zero readings before and after each test were presented. This
not issued by Geo-Engineering.

There are some uncertainties with the pore pressure data, especially in the upper

metre below seafloor. It is therefore recommended to put most emphasis on the
cone resistance data.
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B4.1 General

The main purpose of the oedometer tests is to obtain consolidation and settlement
parameters and to get an estimate of the preconsolidation stress, pc’. Oedometer test
results can also be used to assess sample quality.

Three oedometer tests have been performed as Constant Rate of Strain
Consolidation (CRSC) tests.

B4.2 Consolidation test results

A total of 2 CRSC tests have been performed on undisturbed clay samples.

The key results are tabulated in Table B4-1 and the results from each individual test
are presented in Figures B4.1 to B4.6 on both semi-logarithmic and linear plots.
The pore pressure divided by the total applied stress is also presented for each test.

A detailed description of the laboratory test procedures is given in Part B7.

B4.3 Constant rate of strain tests

The rate of strain was between 0.4% and 0.6% per hour for the tests. The cross
section area of the specimen was 35 cm?.

The specimens were loaded directly to a high stress level or subjected to one
unloading and reloading loop. One specimen was first loaded to a level of
approximately 2 times the best estimated preconsolidation stress, pc’, where the
stress was kept constant for 16 to 24 hours before unloading to 50 % of the stress
applied before unloading. The samples were then reloaded to approximately 9 times
the estimated preconsolidation stress or the maximum capacity of the test
equipment.

The permeability was continuously computed based on the pore pressure
measurements in the bottom of the specimen, and the rate of strain.

The variation of the deformation modulus, M, with stress is included in the linear
format figures together with the coefficient of consolidation, cv. The cy values
shown are calculated on the basis of the deformation modulus and the straight line
interpretation of permeability based on the permeability computations (Sandbakken
etal., 1986).

Table B4-1 presents values of constrained modulus, M, and coefficient of vertical
consolidation, cy, at various stress levels during the tests. Mo and cvo represent
values at the in situ effective vertical stress, po’, during the initial loading. M and
Ccv1 represent average values during the first reloading.
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The modulus number, m, and the reference stress, pr, given in Table B4-1 represent
the deformation characteristics of the soil in the stress range above the
preconsolidation stress, pc', when the following relationship is used:

M=m-(p'-pr).

Interpretation of preconsolidation stress, p¢’, is found from the procedures proposed
by Casagrande (1936), by Becker (1987) and by Janbu (1963). Table B4-1 also
shows p¢’ values computed from empirical correlations between sy, ovw’ and I, as
given by Andresen et al. (1979). In general, the method proposed by Janbu was
difficult to apply.

For use in design, reference is made to Part A.

B4.4  Evaluation of sample quality

The quality of the undisturbed clay specimens used for the CRSC tests has been
evaluated based on change in void ratio (Ae), relative to initial void ratio when
consolidating the specimens back to the best estimate of in situ stresses according
to recommendations given by Lunne et al. (1998).

As can be observed in Table B4-1, the sample quality of these two specimens are
“good to fair” and poor.

For further details on sample quality and the limitations of this method, reference is
made to Part B7.
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TABLE SUMMARY OF CRSC OEDOMETER TESTS

P:\2012\07\20120738\Lab\Table B4-1, Oedo Summary

INDEX PROPERTIES LOADING PROCEDURE DEFORMATION PARAMETERS COEFF. OF CONS.] PERM. ESTIM. PRECONS. PRESSURE Aele; | Sample FIGURE
Boring Tube Depth | Sample | Water content lp Clay [ Unit | Estim. Start Start Loading Loading k pc pc pe pc AVIV quality COMMENTS REFERENCE
No. part area W Wy cont. [ weight|  po' 1. unload, p,' | re-load, p,' Mo M, m P’ Cuo Cut 1) 2) 3) 4) 5) at po' 6) 7)
test m cm? % % % | % [knm®] kPa kPa kPa MPa MPa - | kPa | m¥s*107 |m¥s*107 m/is*10%°] kPa | kPa | kPa | kPa %
2013-512GC| 3-A-3 | 2.70 35 25.0(18.9( 13 | 17 [20.44] 25.7 100 50 1.09 29.2 |25.0 -26 0.86 12.0 1.3 - 27.0 - 30.8 3.35 0.082 3 B4.1-B4.3
2013-512GC| 4-A-3 | 3.60 35 25.3(18.8( 13 | 18 [20.39] 34.2 100 50 1.95 359 |23.0[ -33 3.00 3.3 21 - 35 | 40.0 | 410 2.58 0.063 2 B4.4-B4.6
1) k = coefficient of permeability at zero axial strain
LEGEND: Mo,Cyo = at po’ (tangent module) 2) Using the Casagrande interpretation
CLIENT: DOF Subsea NGl's criteria for sample quality My,c,; = average from p,' to py', reloading 3) Using the Becker interpretation
OCR Aele; 4) Using empirical relationships between s, I,, po' and p.'
PROJECT: U-864 2013 Soil Survey 1-2 <0.04 0.04-0.07 | 0.07-0.14 >0.14 where s, is determined in triaxial compression tests (CAUc)
2-4 <0.03 0.03-0.05 0.05-0.10 >0.10 5) Using the Janbu interpretation
4-6 <0.02 0.02-0.035 | 0.035-0.07 | >0.07 6) Aele; , where Ae = &,4 (1+e)) and ;= 2.75 * w,
Document No.: 20120738-01-R Quality 1 2 3 4 7) 1 - very good to excellent, 2 - good to fair, 3 - poor, 4 - very poor
(Ref. Lunne et al. 1998)
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B5.1 Summary

The purpose of the triaxial tests is to obtain strength parameters for different
foundation design aspects. This part summarises the results from the triaxial tests
performed. The program consisted of 3 CAUC (Consolidated Anisotropic
Undrained Compression) tests.

B5.2 Triaxial Test Results
B5.2.1 Specimen preparation and consolidation, clay material

All specimens were consolidated to a best estimate of the in situ stress conditions.
The effective vertical in situ stress (po’) was derived from the water content and
total unit weight measured offshore as presented in the borehole logs in Part B1.

The horizontal consolidation stresses used were obtained using the relationship
between su/po’, I, OCR and Ko presented by Andresen et al. (1979) and Brooker
and Ireland (1965). By using sy from CPTs and index tests and knowledge about the
geological history a Ko- profile was established and used to define the consolidation
stresses for each triaxial test.

Details of the consolidation of the specimens are given in Table B5-1. Detailed test
procedures are given in Part B7.

B5.2.2 CAU test results

Plots of the static undrained triaxial test results are given in Figures B5.1 to B5.6
showing shear stress and pore pressure versus axial strain and stress paths in shear
stress versus effective mean stress.

Key parameters for each test are summarised in Table B5-1.

The undrained shear strength (su°) is defined as the shear stress at 10 % axial strain
if no distinct peak occurred at lower strain levels. For use in design, reference is
made to Part A. The undrained shear strengths from the static tests are plotted on
the various boring profiles in Part B1.

B5.3  Evaluation of clay sample quality

The quality of the undisturbed clay specimens used for the CAU tests has been
evaluated based on change in void ratio (Ae), relative to initial void ratio when
consolidating the specimens back to the best estimate of in situ stresses according
to the recommendations given by Lunne et al. (1998). As can be observed in
Table B5-1, the sample quality is “good to fair” in the samples evaluated.

For further details on sample quality and the limitations of this method, reference is
made to Part B7.
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TABLE SUMMARY OF TRIAXIAL TESTS

INDEX PROPERTIES Type CONSOLIDATION UNDR. STATIC TESTING Aele; | Sample FIGURE
Boring Tube Depth | Water content lp Clay Unit of test Estim. G, o € vol Bm B Sy Us & S4/C'ac quality COMMENTS REFERENCE
No. part W Wi cont. | weight 1) po final final 2) 3)
test m % % % % kN/m?* kPa kPa kPa % % % kPa kPa % = -
2013-509GC | 3-A-1 | 2.47 | 23.4| 222|118 17 | 20.9 | CAUC | 23.5 23.5 16.4 | 2.19 | 0.47| 98.4 | 24.0 11 10.0 1.02 ] 0.056 2 B5.1-B5.2
2013-512GC | 4-A-1 | 3.45 | 245|23.2 (125 18 | 20.6 | CAUC | 32.8 32.7 18.0 | 2.08 | 0.69| 99.4 | 26.2 0.4 10.0 0.80 | 0.052 B5.3-B5.4
2013-512GC | 4-A-1 | 3.52 | 22.8| 219|125 18 | 20.8 | CAUC| 334 33.4 20.1 | 1.64 | 0.57 | 98.6 | 31.3 -1.4 10.0 0.94 ] 0.042 B5.5-B5.6
CLIENT: DOF Subsea NGI's criteria for sample quality LEGEND 1) CAUC = Consolidated Anisotropic Undrained test in Compression
OCR Aele CAUE = Consolidated Anisotropic Undrained test in Extension
PROJECT: U-864 2013 Soil Survey 1-2 <0.04 0.04-0.07 0.07-0.14 >0.14 2) Aele;, where Ae = g, (1+€) and €= 2.75 * w;
2-4 <0.03 0.03-0.05 0.05-0.10 >0.10 3) 1 - very good to excellent, 2 - good to fair,
4-6 <0.02 0.02-0.035 0.035-0.07 >0.07 3 - poor, 4 - very poor (Ref. Lunne et al., 1998).
Document No.: 20120738-01-R Quality: 1 2 3 4 NA = Not applicable
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B6.1 Summary

The general purpose of the direct simple shear (DSS) tests is to provide horizontal
shear strength parameters for engineering design of various foundations and
consequently anisotropy ratios. The program consisted of 2 DSS (static direct
simple shear) tests on intact clay specimen.

The DSS tests were performed as consolidated constant volume tests (CCV).

B6.2  Direct simple shear (DSS) test
B6.2.1 Consolidation

The DSS specimens had a cross sectional area of 35 cm? and a height of 16 mm.
The rate of shearing was approximately 5 % shear strain/hour.

The effective vertical in situ stress (po’) was estimated using the submerged unit
weight based on water content measurements and the direct measurement of the
total unit weight offshore.

Undisturbed clay specimen on overconsolidated material was consolidated to what
was believed to be a low estimate of the preconsolidation stress, pc’, and then
unloaded to the estimated in situ effective vertical stress, po’, before shearing. This
method was used to ensure complete contact between the specimen and the
reinforced membrane and thus to develop representative lateral stresses on the
specimen, and to some degree counteract the negative effect of stress release and
other disturbance effects during sampling and extrusion.

The preconsolidation stress used for maximum vertical loading before unloading to
po’, was obtained from the relationship su/po’, Ip, OCR presented by Andresen et al.
(1979) using sy values from index testing and the CPTUs.

Typically, clay specimens with estimated OCR higher than about 1.5 are
consolidated to 0.75xp:’ and then unloaded to po’ before shearing, whereas
specimens with OCR less than about 1.5 are consolidated directly to the estimated
in situ effective vertical stress (po”) before shearing.

Details from the consolidation stage are presented in Table B6-1. A description of
the laboratory test procedures is given in Part B7.
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B6.2.2 Results

Static DSS results are presented as plots of horizontal shear stress and pore pressure
versus shear strain and plots of effective stress paths in Figures B6.1 to B6.4.

The undrained shear strength s,°%5, (i.e. t7) is taken as the shear stress at 15 % shear
strain if no distinct peak occurred at lower strain levels. The static strength values
and key parameters for each test are presented in Table B6-1.

For use in design, reference is made to Part A.

B6.3  Evaluation of clay sample quality

Generally no direct measurement of strain at po' during primary loading is
performed in a DSS test. Therefore, the procedure for evaluating sample quality is
generally not directly applicable for this test type.

However, since these 2 DSS tests were loaded directly to po’ prior to shearing it is

possible to evaluate the sample quality for these tests as well. The sample quality is
evaluated as poor for these two tests.
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TABLE SUMMARY OF DSS TESTS
INDEX PROPERTIES CONSOLIDATION STATIC TESTING Aele; Sample FIGURE
Boring Tube | Depth | water content I Clay | Unit Type Estim. C'a max O'amin o T Yhe 5,058 Uy Y 52550 quality COMMENTS REFERENCE
No. part W Wi cont. | weight of test Po' = 0% 2) 3)
test m % % % % KN/m3 1) kPa kPa kPa % kPa % kPa kPa % - -

2013-512GC| 3-A-2 | 2.66 | 26.5]|23.5] 11.8| 17.0| 19.6 DSS 33.9 33.9 339 | 422 -0.10( 0.00 | 18.0 10.1 15.0 0.53 0.100 3 B6.1-B6.2
2013-512GC| 4-A-2 | 3.57 | 26.5]|23.8| 12.5] 18.0| 19.6 DSS 25.3 25.3 25.3 | 3.89|-0.10( 0.00 ] 17.1 1.4 15.0 0.68 0.092 3 B6.3-B6.4

CLIENT: DOF Subsea LEGEND

1) DSS = Direct Simple Shear, static test
PROJECT: U-864 2013 Soil Survey 2) Aele;, where Ae = &, (1+e) and €= 2.75 * w;

Document No.:

20120738-01-R

3) 1 - very good to excellent, 2 - good to fair,

3 - poor, 4 - very poor (Ref. Lunne et al., 1998).

NA = Not applicable
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B7.1 Water content
B7.1.1 General

Water content (w) is the mass of water in the sample expressed as a percentage of
the mass of solids. The method is described in detail in NS 8013 Part 5.

B7.1.2 Procedure

The water content is found by weighing a representative part of the soil sample
before and after 17-20 hours of oven drying at approximately 110°C.

B7.2 Density and unit weight
B7.2.1 General

Density of a soil specimen is the total mass of soil per unit volume. The various
laboratory methods are described in NS 8011.

B7.2.2 Procedure

Density, p, of a soil specimen is determined by measuring its diameter and length
and then weighing it. Unit weight, vy, is equal to p - g. Unit weight is given in KN/m?
and density in Mg/m? or g/cm?.

The unit weight is also calculated from the water content by using the formula
below.

. . w
UW = g-ps -1+ 400)

L+ (ps - Wg )

Where UW  Unit weight (kN/m?)
g Acceleration of gravity (m/s?)
Ps Density of solid particles (Mg/m?® or g/cm?®)
w Water content (%)
Sr Saturation (Sr= 100%, assumed fully saturated)

B7.3 Density and unit weight of solid particles
B7.3.1 General

This procedure describes how to determine the density of soil material with grain
size less than 4 mm. The method is described in detail in NS 8012.
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B7.3.2 Procedure

Density of solid particles, ps, is measured by means of a density bottle. Unit weight
of solid particles, ys, is equal to ps - g, where g = 9.807 m/s?,

For each test two determinations are made, and the average of the two is the
reported unit weight value, provided the difference is less than 0.25 kN/m?,

B7.4 Atterberg limits
B7.4.1 General

Liquid limit (w.) and plastic limit (wp) are the highest and lowest water contents,
respectively, at which the remoulded soil material is in a plastic state. Standard
method described in NS 8003 is used to determine wp and a standard method
described in NS 8002 is used to determine wy.

B7.4.2 Procedures

The liquid limit, wy, is performed according to the single point method as described
in NS 8002, Part 5.2 by means of a 60 g fallcone. When the cone penetration falls
between 7.0 and 15.0 mm, the water content of the sample is determined and the
Liquid limit can be calculated according to the Standard.

The plastic limit, wp, is performed according to NS 8003. The plastic limit is
defined as the water content at which a tread of soil with a diameter of 3.2 mm
crumbles.

B7.5 Grain size distribution
B7.5.1 General

Determination of the grain size distribution of sand and coarser material is
performed according to NS 8005. Samples containing mainly silt or clay are subject
to the falling drop method (Moum, 1965), as described below.

B7.5.2 Procedures

The grain size distribution is determined by the following two procedures:

I. Samples that contain mainly sand and coarser material are subjected to an
ordinary dry sieve analysis. Materials containing more than 5-10% silt and
clay particles are wet sieved on a 75 mm sieve before dry sieving. The method
is described in NS 8005.

Il. For samples containing mainly silt or clay, the falling drop method is used
(Moum, 1965). The falling drop method is a sedimentation method based
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upon Stoke's Law. A small sample of moist material is suspended in water,

washed through a 75 um sieve before being poured into a sedimentation tube.

Droplets from a certain depth in the sedimentation tube are sampled with a

calibrated micropipette after certain time intervals and then ejected into a

glass column containing an organic liquid. The time required for each droplet

to fall a certain distance in the organic liquid is measured. The concentration

of suspended particles in each droplet can then be read from a calibration

chart.

B7.6 Fall cone tests
B7.6.1 General

The fall cone test is used to establish a quick measure of the undrained shear
strength of the soil, both the undisturbed and the remoulded strength. The method is
described in detail in NS 8015.

B7.6.2 Procedure

The fall cone apparatus is produced by Geonor A/S. It measures the penetration of a
cone into the specimen after it has been released from an initial stationary position
with the tip of the apex at the surface of the specimen. Cones with different apex
angles and masses are used. For hard clays, a 400 g cone with an apex angle of 30°
is used, and for soft clays, a 100 g cone with an apex of 30°, or a 60 g cone with an
apex angle of 60° is used.

To determine the sensitivity of a soil in the laboratory, a fall cone test is conducted
on an undisturbed and on a remoulded specimen. The sensitivity is the ratio
between the fall cone shear strength of the undisturbed and of the remoulded
specimen.

B7.7 Oedometer tests
B7.7.1 General

Oedometer tests on undisturbed material are performed to determine the
preconsolidation stress of the material as well as the compressibility and
permeability. A detailed description of equipment and procedures used at NGI is
given by Sandbaekken et al., 1986.

B7.7.2 Procedures
B7.7.2.1 General

A cylindrical specimen with cross-sectional area 20 cm? or 35 cm? and height
20 mm is placed within a steel ring which prevents radial deformation of the
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specimen. An axial (vertical) stress is applied on the top of the specimen and the
resulting vertical compression of the specimen is measured.

Clay specimens, which initially may have a high negative pore pressure, are
mounted with dry filter stones to prevent the specimen from swelling. Water of
correct salinity, is added to the filter stones when a vertical stress high enough to
prevent swelling has been applied. An unloading - reloading loop is often done
when the vertical stress has become equal to about twice the preconsolidation stress
(see below). The purpose with this loop is to be able to correct for sample
disturbance and to obtain reloading parameters. A second unloading — reloading
loop is done at the end of the test in order to determine reloading parameters at high
stress levels.

The test is designed to determine the compressibility (or constrained modulus) and
the coefficient of consolidation of the specimen tested. The coefficient of
consolidation, cv, is calculated from the equation

M -k
C,=——

Vw
where M is the constrained modulus and k the coefficient of permeability. The k-
values are checked by constant head permeability tests if there is any doubt about k-
values back-calculated from time-compression curves (incremental loading) or
from measured pore pressures (continuous loading). The uncertainty by deriving cy
from time-compression curves or measured pore pressures alone is then avoided
and the cy - value can be based on M-values corrected for sample disturbance and
on k-values of in situ porosity and temperature.

For undisturbed specimens the test is also used to determine the effective vertical
stress where the compressibility of the specimen starts to increase. This stress is
represented by a more or less sharp bend in the stress-strain curve and is called the
pre-consolidation stress (denoted pc’).

B7.7.2.2 Continuous loading (CRS)

This is the preferred method at NGI, with reference to NS 8018. In the continuous
loading test the specimen is compressed with a constant rate. A vertical effective
stress is applied in one step by using deadload. The continuous loading is then
started and readings of the axial stress and strain are taken at certain time intervals.
The specimen is allowed to drain freely at the top, but is undrained at the bottom.
The rate of strain is selected such that the pore pressure at the bottom preferably
shall be less than about 5% of the total applied stress. However, the rate of strain is
not changed unless the bottom pore pressure exceeds 15% of the total applied
stress.
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B7.8 Direct simple shear tests
B7.8.1 General

The Direct Simple Shear apparatus enables the determination of soil anisotropy in
an efficient way. A test can be performed drained (constant vertical load) or
undrained (constant volume), static or cyclic. A cyclic test can be performed stress-
controlled or strain-controlled.

A cylindrical specimen with cross-sectional area of 20, 35 or 50 cm?, and height of
16 mm is placed within a reinforced rubber membrane which prevents radial
deformation but allows the specimen to be deformed in simple shear. The apparatus
for this test is described by Bjerrum and Landva (1966) and Andresen et al. (1979).

B7.8.2 Procedures
B7.8.2.1 Static tests

A consolidated, constant volume test (DSS-CCV) is the most common static test
perfomed. The axial (vertical) stress is increased in steps to the estimated effective
consolidation pressure. At approximately 50 % of the estimated consolidation stress
the porous stones are saturated with water of approximately the same salt
concentration as the pore water of the clay. After saturation the specimen is loaded
to o'max and then unloaded to the specified axial stress before shearing. The reason
for loading to 6’ max before unloading to o’min is that it is believed that the specimen
thereby experiences correct radial stresses before start of shearing.

After consolidation the specimen is sheared by applying a horizontal shear stress.
Keeping the volume constant simulates undrained conditions. The volume is kept
constant by increasing or decreasing the axial stress during shearing. Normally a
strain rate of 5% shear strain per hour is used. The change in the axial stress for a
constant volume test is equal to the change in pore pressure for an undrained test
where the total axial stress is kept constant. The reason for performing a constant
volume instead of an undrained test is that drainage cannot be completely prevented
and the saturation by means of back pressure cannot be performed in the simple
shear device.

B7.9 Consolidated triaxial tests
B7.9.1 General

The triaxial test is carried out in order to measure the stress-strain behaviour and the
shear strength parameters of a soil specimen under controlled stress conditions. The
triaxial equipment used at NGI is described by Berre (1982).

A cylindrical soil specimen is enclosed in a rubber membrane and placed inside a
pressure chamber called a triaxial cell. An isotropic stress is applied to the
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specimen through the chamber pressure. In addition to the chamber pressure, the

specimen is loaded axially by a piston passing through the top of the cell.

B7.9.2 Procedures
B7.9.2.1 Static tests

Mounting, undisturbed material

Due to the possible existence of a negative pore pressure in the clay specimens,
special care is taken to avoid swelling due to the presence of free water. This is
achieved by using dry porous stones at the start of the consolidation.

Except for very soft clays, filter strips are placed on the side of clay specimens to
speed up drainage during consolidation and pore pressure equalisation during
undrained shearing. The filter paper strips are moist, but free water on the surface
of the strips is wiped away before they are placed on the specimen. The strips are
placed in spirals around the specimens to avoid filter paper correction on measured
stresses.

Saturation

Clay specimens are first subjected to an isotropic stress equal to the estimated value
of the initial negative pore pressure. Water, with approximately the same salt
concentration as the pore water of the soil is then flushed through the porous stones
and immediately afterwards a O-indicator is connected to the drainage lines. Any
sign of volume change of the specimen is prevented by regulating the cell pressure
until stable conditions have been reached.

A back pressure is applied to increase the degree of saturation of the sample and of
the pore pressure measuring system, after the swell-pressure is applied.

For specimens assumed to be fully saturated in the field, an attempt is made to
reach a B-value of at least 0.95 for static tests, and 0.98 for cyclic tests. For
undrained tests on very soft clays, a back pressure of about 200 kPa may be
sufficient. For very stiff clays and dense sand, back pressures up to 1500 kPa may
be required.

Consolidation

The specimen is then loaded to the specified consolidation stresses. The specimen
is first consolidated up to the in situ, or to the specified horizontal stress,
isotropically. The specimen is then loaded up to the vertical in situ or specified
stress in steps. The rate of loading is depending on the consolidation rate.

Shearing

Static, anisotropic consolidated, undrained tests (CAU).

The specimen is sheared at a constant rate of axial strain. The total radial stress is
kept constant while the total axial stress is increased in compression tests and
decreased in extension tests. During the undrained anisotropically consolidated tests
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carried out on clay material (CAU), no drainage is allowed during shearing so that
excess pore pressures may develop. The rate of strain is 1.4%/hour.

Dismounting specimen

After the cell pressure has been reduced to zero, the specimen is carefully removed
from the triaxial cell and weighed. Material for classification testing may then be
taken out.

B7.10 Evaluation of sample quality
B7.10.1 General

The quality of an undisturbed clay specimen used for oedometer, DSS, triaxial or
resonant column testing can be evaluated based on change in void ratio (Ae),
relative to initial void ratio (ej) when consolidating the specimens back to the best
estimate of in situ stresses. A system with empirical recommendations has been
established, as described by Lunne et al. (1998, 2006) and NGI (2000).

B7.10.2 Procedure

When a clay specimen is reconsolidated back to the best estimate of in situ effective
stresses, the measured volume change may be used as an indication of sample
quality. The volume change is expressed as the change in void ratio relative to the
initial value, Ae/ei.

NGI's criteria for sample quality
OCR Aele
1-2 <0.04 0.04-0.07 | 0.07-0.14 >0.14
2-4 <0.03 0.03-0.05 | 0.05-0.10 >0.10
4-6 <0.02 | 0.02-0.035 | 0.035-0.07 >0.07
Quality 1 2 3 4

The suggested qualities are as follows:
1: Very good to excellent
2: Good to fair
3: Poor
4: Very poor

B7.10.3 Limitations

The empirical background for these recommendations is a database with normally
consolidated to slightly overconsolidated clays where any overconsolidation is
caused by ageing only. The data base consists mainly of laboratory tests on samples
in the upper 25 m below ground level. For OCR>6, the recommendations should be
used with great caution and only used in a relative sense.
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Also, for specimens consolidated to other stresses than the in situ stresses the
recommendations are not relevant. The sample quality criteria in the above table are
not valid for data from incremental loading (IL) tests that use long load durations
(e.g. 24 h) because of added secondary compression. The sample quality criteria
can be used, however, if the IL test is conducted using relatively short load
durations [e.g. 1 h to 3 h as suggested by Sandbakken et al. (1986)]. If longer
duration load increments are used, the deformation-time curves should be
interpreted to determine the end of primary strain for the relevant load increments

needed to estimate Ae/e;
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Cl.1 Summary

The tables in this section present coordinates for the geotechnical and geochemical
samples obtained from the vessel Skandi Skolten during the 2013 soil survey near
the U-864 submarine.

Geodetic Parameters

Spheroid
UTM Zone
Datum shift
Vertical datum

WGS’84

Zone 32° (CM9°)

None
MSL

e
NGI
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Table C1-1  Sample locations ROV sampler
From target positions Actual positions
Date Time | WP NAME | WP EAST | WP NORTH | Actual East | Actual North | Actual Depth Sample name
12.01.2013| 13:56 2013-87 |261426.00 6745113.00 | 261427.90 | 6745112.62 140.32 2013-87SS
12.01.2013| 14:09 2013-38 [261424.00| 6745135.00 | 261423.02 | 6745135.14 141.95 2013-38SS
12.01.2013| 14:21 2013-88 [261468.00| 6745108.00 | 261469.68 | 6745 106.53 138.81 2013-88SS
12.01.2013| 14:48 2013-317 [261463.00| 6745149.00 | 261465.15 [ 6745 152.83 141.77 2013-317SS 2nd attempt
12.01.2013| 15:05 2013-83 [261381.00| 6745112.00 | 261382.50 | 6745112.05 142.73 2013-83SS
12.01.2013| 15:13 2013-31 [261383.00| 6745144.00 | 261381.89 | 6745 145.27 144.90 2013-31SS
12.01.2013| 15:21 | 2013-316 |261341.00| 6745135.00 | 261340.78 | 6745 134.67 147.09 2013-316SS
12.01.2013] 15:30 [ 2013-315 |261345.00| 6745184.00 | 261344.78 | 6745184.49 152.33 2013-315SS
12.01.2013| 16:43 [2013-Sed-08|261414.00| 6745270.00 | 261413.20 | 6745271.10 178.14 2013-Sed-08SS
12.01.2013| 17:11 2013-28 [261415.00| 6745227.00 | 261428.33 | 6745231.78 168.89 2013-28SS
12.01.2013| 17:23 | 2013-313 |261359.00| 6745280.00 | 261359.15 | 6745 280.05 180.09 2013-313SS
12.01.2013| 17:34 [ 2013-320 |261359.00| 6745233.00 | 261357.17 | 6745231.97 168.70 2013-320SS
12.01.2013| 17:49 2013-36 [261447.00| 6745211.00 | 261445.15 | 6745213.36 164.60 2013-36SS
12.01.2013| 18:13 2013-30 [261394.00| 6745187.00 | 261365.63 | 6745 184.36 153.67 2013-30B SS
12.01.2013| 20:27 2013-35 [261470.00| 6745239.00 | 261469.58 | 6745 240.10 177.61 2013-35SS
12.01.2013| 20:39 [ 2013-308 |261599.00| 6745315.00 | 261597.23 | 6745314.52 154.43 2013-308SS
12.01.2013| 20:48 | 2013-302 |261543.00| 6745276.00 | 261543.37 | 6745 275.82 174.94 2013-302SS
12.01.2013| 20:55 2013-34 [261492.00| 6745268.00 | 261491.03 | 6745 267.02 177.88 2013-34SS
12.01.2013| 21:04 [ 2013-146 |261573.00| 6745250.00 | 261574.37 | 6745 250.10 177.60 2013-146SS
12.01.2013| 21:13 [ 2013-312 |261432.00| 6745307.00 | 261432.48 | 6745307.61 176.20 2013-312SS
12.01.2013| 21:22 | 2013-301 |[261508.00| 6745241.00 | 261507.28 | 6745 240.47 177.88 2013-301SS
12.01.2013| 21:33 2013-32 [261557.00| 6745317.00 | 261556.78 | 6745 314.15 161.01 2013-32SS
12.01.2013| 22:41 | 2013-306 |261698.00| 6745275.00 | 261697.75 | 6745 275.70 153.22 2013-3065S
12.01.2013| 22:50 | 2013-324 |261673.00| 6745112.00 | 261671.83 | 6745111.66 160.03 2013-324SS
12.01.2013| 22:57 [ 2013-155 |[261624.00| 6745133.00 | 261624.69 | 6745 133.00 164.77 2013-1555S
12.01.2013| 23:09 [ 2013-142 |261689.00| 6745250.00 | 261685.60 | 6745 249.60 152.76 2013-142SS
12.01.2013| 23:21 | 2013-210 |[261638.00| 6745064.00 | 261640.27 | 6745 064.14 143.76 2013-210SS
12.01.2013| 23:40 | 2013-213 |261608.00| 6745087.00 | 261607.30 | 6745 083.54 147.03 2013-213SS
13.01.2013| 00:50 [ 2013-332 |[261621.00| 6744 997.00 | 261622.40 | 6744 998.66 144.58 2013-332 SS
13.01.2013| 01:01 | 2013-331 |261600.00| 6745037.00 | 261600.27 | 6745 036.66 147.61 2013-331SS
13.01.2013| 01:10 | 2013-211 |261615.00| 6745056.00 | 261615.01 | 6745 056.95 146.84 2013-211SS
13.01.2013| 01:19 | 2013-204 |261684.00| 6745086.00 | 261683.23 | 6745090.19 151.11 2013-204SS
13.01.2013| 01:19 | 2013-334 |[261700.00| 6744998.00 | 261701.00 | 6744 998.77 148.71 2013-334SS
13.01.2013| 01:53 | 2013-333 |[261654.00| 6744 984.00 | 261653.78 | 6744 987.66 142.38 2013-333 SS
13.01.2013| 02:03 | 2013-206 |261648.00| 6745035.00 | 261646.86 | 6745035.22 147.51 2013-206SS
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Table C1-2  Sample locations CPTU
From target positions Actual positions

Date Time | WPNAME| WP EAST WP NORTH | Actual East | Actual North | Actual Depth Sample name
11.01.2013] 01:23 | 2013-503 | 261555.00 | 6745200.00 | 261554.78 | 6745 200.31 174.72 2013-503 CPT
11.01.2013] 01:39 | 2013-503A 2m OFFSET 261554.35 | 6745202.13 174.72 2013-503A CPT
11.01.2013] 03:06 | 2013-504 | 261602.00 [ 6745191.00 | 261603.29 | 6745191.66 174.73 2013-504 CPT
10.01.2013| 23:41 | 2013-505 | 261597.00 | 6745220.00 | 261597.92 | 6745221.73 176.93 2013-505 CPT
11.01.2013| 00:29 | 2013-506 | 261569.00 | 6745230.00 | 261569.51 | 6745 230.03 178.13 2013-506 CPT
10.01.2013] 22:35 | 2013-509 | 261628.00 | 6745203.00 | 261627.89 | 6745201.78 175.96 2013-509 CPT
11.01.2013] 02:12 | 2013-510 | 261581.00 [ 6745198.00 | 261580.91 | 6745197.97 175.45 2013-510 CPT
11.01.2013] 04:20 | 2013-511 | 261581.00 [ 6745180.00 | 261580.45 | 6745 183.54 172.65 2013-511 CPT
10.01.2013| 17:08 | 2013-512 | 261652.00 | 6745192.00 | 261652.01 | 6745192.32 175.56 2013-512 CPT

Table C1-3  Sample locations vibro/gravity core
From target positions Actual positions
Date Time |WPNAME| WP EAST WP NORTH Actual East Actual North Actual Depth Sample name
Vibro coring
11.01.13 16:55 2013-401 | 261548.00 | 6745 100.00 261546.51 6745102.08 150.93 2013-401VC
10.01.13 03:24 2013-402 | 261554.00 | 6745 093.00 261553.14 6745093.83 149.14 2013-402VC
10.01.13 01:58 2013-403 | 261560.00 | 6745 086.00 261559.10 6745086.00 149.19 2013-403VC
09.01.13 23:00 2013-404 | 261566.00 | 6745 078.00 261563.48 6745076.48 148.91 2013-404VC
11.01.13| 08:18 2013-405 [ 261578.00 | 6745 155.00 261576.93 6745152.58 166.20 2013-405VC
11.01.13 14:57 2013-406 | 261572.00 | 6745 145.00 261571.56 6745147.93 163.19 2013-406VC
11.01.13 15:40 2013-407 | 261566.00 | 6745 135.00 261564.61 6745135.31 160.35 2013-407VC (VC Sampler tilted)
11.01.13 15:52 2013-407 | 261566.00 | 6745 135.00 261565.60 6745135.49 156.46 2013-407VC 2nd attempt
11.01.13 16:37 2013-408 | 261560.00 | 6745 126.00 2013-408VC WORK ABORTED
CPT location Gravity coring

12.01.13 10:36 2013-509 [ 261 628.00 %203400 261626.53 6745205.03 175.96 2013-509GC
12.01.13 11:40 2013-512 [ 261652.00 | 6745192.00 261649.71 6745194.58 175.56 2013-512GC
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C2.1 Summary

The table in this section present sample recovery depth for the samples obtained

during the 2013 soil survey near the U-864 submarine.

Table C2-1  Sample recovery

LocationID| Comment Vibro core recovery [Date

2013-401 |Aft wreck 2.65m 2013-01-11
2013-402 |Aft wreck 3.40m 2013-01-10
2013-403 |Aft wreck 1.40m 2013-01-10
2013-404 |Aft wreck 2.40m 2013-01-10
2013-405 |Forward wreck [2.60 m 2013-01-11
2013-406 |Forward wreck|3.40 m 2013-01-11
2013-407 |Forward wreck[1.25m 2013-01-11

Gravity core recovery

2013-509 |CPT-site 3.90m 2013-01-12
2013-512 |CPT-site 3.90m 2013-01-12
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C3.1 Summary

Seabed cone penetration tests were performed during the investigation using a
5cm? subtraction cone. Geo-Engineering performed the testing. Digital signals
from the cones were transmitted for subsequent computer processing and included:

- Penetration

- Cone resistance (qc)

- Sleeve friction (fs)

- Pore water pressure (u2)

The Field Report from Geo-Engineering is included together with the calibration
sheet for the cone used.
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CPTu-Survey, U-864
Skandi Skolten (January 2013)
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MARUM Gebaude GEOTECHNICAL & CIVIL ENGINEERS + CONSULTANTS
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1 Introduction

The investigation area was a morphological trough with sediment infilling in the north east of the front
section of U-864. Twelve locations were chosen by the client respectively NGI. Eight of those twelve
locations were investigated with a total of 9 CPT soundings. Four locations were called off by the client
(grey in table 1).

Table 1 shows planned locations of the investigation points. Figure 1 shows a map with the planned
locations.

The operation took place between the 1st of January 2013 and the 13th of January 2013. The CPTu-

investigation work was done at 10th of January 8:00 to 11th of January 7:30 including preparation and
sea-fastening.

Table 1: Planned coordinates for cpt-tests. Grey lines were cancelled by the client.

planned
Name Easting Northing
2013-501 261601 6745142

2013-502 261598 6745162
2013-503 261555 6745200
2013-504 261602 6745191
2013-505 261597 6745220
2013-506 261569 6745230
2013-507 261613 6745158
2013-508 261634 6745164
2013-509 261628 6745203
2013-510 261581 6745198
2013-511 261581 6745180

2013-512 261652 6745192
Coordinates in UTM32, CM9°E, WGS84

GEO-ENGINEERING.ORG GmbH
Geotechnical and Civil Engineers - Consultants
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Fig. 1: Chart of test locations for CPT work (Coordinates in UTM32, CM9°E, WGS84)

2 Executive office and involved personnel

The performance of the measurement was performed by GEO-ENGINEERING.org GmbH. The person-
nel from GEO-ENGINEERING.org GmbH on board of the Skandi Skolten was

Tobias Morz Party Chief (Prof. Dr. rer. nat.)
Wolfgang Schunn Chief Engineer and Operator (Dipl. -Ing. FH)
Johannes Brock Chief CPT-Operator, Reporting and Project Organization (M.Sc. Geoscience)

GEO-ENGINEERING.ORG GmbH
Geotechnical and Civil Engineers - Consultants
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3 Used equipment and technical data

3.1 CPT-Unit "GOST"

Tool origin:

Cone:
Tip-area:
Diameter:
Cone are ratio:

Depth classification:

Material:

Tip resistance & sleeve friction
Standard resolution:

Highest resoluion:

Max.range:

Sleeve friction modus:

Power supply:

Differential & absolute pore-pressure:
Location of pore pressure sensor:
Range:

Resolution digital:

Electrical cutout:

Tests & calibration:

Fig. 1: Seafloor CPTu GOST

Engineered during a joint project by:
MARUM / Uni-Bremen & Geo-Engineering.org GmbH

5cm2
25.24mm

0.67 [...] — due to diff. pore-pressure measurement full pressure

compensation of the cone interior via rod end
400bar = 4000m
hardened stainless steel1.4112

30N or 0.06 MPa with 5cm2 cone
5N or 10 kPa

60 kN oder 120 MPa
Subtraction

2 DMS bridges, linear

u2

21 bar

0.0002 kPa

overvoltage protection and protection regarding reverse

In MARUM high pressure tank and MARUM triaxial load frame

GEO-ENGINEERING.ORG GmbH

Geotechnical and Civil Engineers - Consultants
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3.2 Rigging on crane

~

7
Stabelizing

cables . )
Tension winch

to tool

Fig. 2: Rigging of CPT tool on crane.

3.3 Used winches

3.3.1 Load Winch:

The load winch was provided by DOF-
Subsea. It was connected with an electrical
hydraulic power pack also provided by DOF-
Subsea. It was only used for lowering and
raising the tool. To fit the required cable
length on the drum, the winch was equipped
with an 22 mm cable instead of an 24 mm
cable. A threefold cable run was used to
prevent GOST from rotating.

Fig. 3 shows the load winch.

Fig. 3: Load winch provided by DOF Subsea

The tool was rigged up with a spreader bar to a
single crane hook of the main cranes second-
ary cable. Lateral side stabilization was given
by a crane rigger winch using a Y-setup.

The spreader bar is equipped with a double
block and a chief block for the load cable, a
block for the electrical cable and a block for the
rod tension cable. The traverse was held stable
above the moon pool during raise, lowering
and measurements.

The setup is shown in Fig. 2.

GEO-ENGINEERING.ORG GmbH
Geotechnical and Civil Engineers - Consultants
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Load winch data:

» 18 Tonnes WLL (First Layer Pull)

» Hagglunds Hydraulic Motors

* Maximum wire capacity 400 metres of 28mm wire rope

* Suitable for operation in hon hazardous or hazardous areas

* Overall Dimensions 1200mm long x 1550mm wide x 1460mm high
» Tare Weight 2600Kgs excluding wire rope

» Gross Weight 4500Kgs

3.3.2 Tension winch

The tension winch is necessary to keep the rod in an upright position during pushing and lowering and
to provide heave compensation when the tool is on the seafloor. It is an automated hydraulic constant
tension winch with an 8mm cable (1500 m capacity), connected to its own hydraulic power pack (diesel
fueled). The cable tension can be adjusted between 0 and 1000 kg of pull. A load cell is providing the
actual tension information. A fast MOOG valve controls the rope length given to keep the set tension
constant.

4 Operation

Prior to the first deployment a USBL transducer was fitted to the GOST unit to allow direct positioning
avoiding uncertainties due to current drifting. All seafloor deployments of GOST were observed and
guided by excellent ROV video data and a very experienced geophysical crew. The seafloor CPTu
GOST was operated in a pogo style mode — only lifting the tool for a couple of meters of the seafloor
after each test. Transit to the next sites was done under DP. The three-fold cable guidance provided
stable and turn free deployments. A one time breaking of the rod occurred when the tool tilt exceeded
12° on the seafloor. The rod was fully recovered via the tension winch.

GEO-ENGINEERING.ORG GmbH
Geotechnical and Civil Engineers - Consultants
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5 Data and data quality

Fig. 4 shows a typical data example of the tested soil. The majority of the overall observed tip values
are below 0.4 MPa. This very soft and fine grained consistency is in accordance with the previous data
collected in 2006 (NGI Report 20061348-1). On some locations the seafloor down to two meter is a bit
coarser grained, containing more silts and sands. Throughout the investigated sequence stones or
harder sand lenses are encountered. Scattered in between the very low tip resistant values distinct
peeks of higher values (up to 17 MPa) are present which point toward medium sized isolated stones
which were pushed aside by the cone during penetration. In general all sites were investigated down to
slightly more than 6 meters below the seafloor making use of the full setup length. .Only at one site
(2013-503 and 2013-503A) the cone was automatically stopped when the tip resistance exceeded 30
MPa.. The test was repeated and the same observation was made so that it can be concluded that bed-
rock has been reached at a depth of 1.4-1.7 meters below the seafloor at the SW trough shoulder.
Although the soil strength is very low, already challenging for industry CPTu cones, the collected tip
data is of excellent resolution and quality making full use of the 24 Bit data resolution sampled every ~4
mm down depth. In this respect greater detail and resolution has been achieved when compared to the
2006 data. The collected sleeve values fit in magnitude the 2006 data and might be slightly tip influ-
enced by a striped off o-ring likely lost during an early stone impact. The differential pore pressure data
shows no sign of excess in situ pore pressure.

GEO-ENGINEERING.ORG GmbH
Geotechnical and Civil Engineers - Consultants
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Fig. 4: Data example of Site 2013-506.
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6 Conclusion

The geotechnical measurements with the CPT-unit GOST for this project were finished successfully
during calm weather conditions and excellent support by the DOF and marine crew of Skandi Skolten. A
faster deployment winch would have been beneficial to the economics of the project. In similar geolo-
gies penetration depths of up to 40 m have been achieved. Additional data like a penetration velocity log

and tri-axial acceleration data can be provided upon request.

i s

Dipl. Ing. (FH) Wolfgang Schunn
Chief Engineer

Prof. Dr. Tobias Moérz
Project Leader

MSc. Johannes Brock
Chief CPT-Operator, Reporting and Project Organization

GEO-ENGINEERING.ORG GmbH
Geotechnical and Civil Engineers - Consultants



Seabed Tool

Géotechnical Offshore

GOST is an innovative geotechnical tool to characterize the
subsoil by means of ‘push-in’ technique, i.e. cone
penetration testing along with pore pressure and inclination
measurements, known as CPTu.

The primary focus of GOST is offshore site investigation but
due to its modular layout, the system also works onshore,
for instance mounted on a truck. Thus, GOST can be
operated from almost any platform which can handle
between 3-9 tons of weight.

GOST is mainly designed to operate from the seafloor. It is
powered and controlled via a standard single wire coaxial
cable. During continuous offshore surveys, the tool is only
slightly lifted from the seafloor and hanging within the water
column during site-transit — called “dangling- or pogo-style
operation”. GOST stays under water without the need of full
recovery until all sites are penetrated. This leads to a large
number of tests in considerable less valuable vessel time
than any other top-pressed CPT tool would be capable of.

GOST can handle rod setups of many diameters. So far, we
use a ‘digital subtraction cone’ of 5 cm? in conjunction with a
differential pore pressure system on a rod of 2 cm diameter.

Fields of Application
O Site Investigation on-/offshore

O Foundation Investigation

O Cable Route/ Pipeline Surveys
0 Environmental Mapping

Seafloor based “dangling operation”

» On- & offshore use, 4000 m depth rating

» Modular depth of penetration:

e Straight Rod: length 6 —40 m
» Adjustable penetration pressure 0— 80 kN ~ 7.9 to
» Full digital 24 bit data collection
» Exact control on push velocity = data compatible to highest

international standards, exceeding DIN 4094 requirements

» Short mobilization times, own mobile winch (0 — 420 m)

> Modular replacements: tips & rods

» ‘Open’ system to adapt additional sensors, probes and testing

modes

General Contact

Prof. Dr. Tobias Moerz
University Bremen, MARUM
Room 2210

Leobenerstr.

D-28359 Bremen

Phone +49 (0)421 218-65 840
Fax +49 (0) 421 218-65 810
Mobile +49 (0)177-30 34 154
Email tmoerz@uni-bremen.de

The GOST System

Technical Contact

Dipl.-Ing. (FH) Wolfgang Schunn
University Bremen, MARUM
Room 2210

Leobenerstr.

D-28359 Bremen

Phone +49 (0)421 218-65 842
Fax +49 (0)421 218-65 810

Mobil +49 (0)151-59221450
wschunn@uni-bremen.de

Email

GOST in operation




Technical Details

CPTCone , Hydraulic
Tip erss Section: 5cm ) 0 8.000kg hydraulic push force
Materla.I: hardened stainless steel1.4112 0 infinitely variable hydraulic pressure 0 — 200bar
Resolution: 30N or 0,06MPa 0 pressure compensated hydraulic system
Range: o 60kN or .120MPa 0 Powerful and fast MOOG servo-valve
Sleeve Friction Mode: Subtraction 0 dynamic push speed adaptation
Fnge detection: Two linear DMS load cell 0 Advanced modes: VIBRO, dissipation, remolding —
Digital Interface: Industry RS485 BUS, 28Hz Data rate plate loading testing
A/D Converter: 24bit resolution 0.00919 N/bit 0 hydraulic leveling (optional)
250Hz sampling rate
Processing: Averaging of 10 values Truck
Electrical Cutout: Overvoltage and reverse-polarity 0 off-road 6x6 drive
protection o full winch assembly
Tests & Calibration: At MARUM high pressure tank and O mobil A-Frame
tri-axial CPTu calibration frame O cross beam with bloc

Differential Pore Pressure 0 10.000t winch

Sensor loggifor D|re.ctly Wlthlr.] tche HR 0 1500kg tension winch (elektronic regulated)
1. Port: @ Tip: u2 position e o) :
o full config. Lifting allliance
5. o S aod.end as eference 0 short time for mobilization
Range: +/- 1400 kPa

, o 0 powerfull hydraulic on board
Resolution (digital): 0.0002 kPa

Telemetrie
Inclination Sensors for Cone & Frame 0 Datakomunication with LongRange Modem
Spatial Directions: X & Y-Axes 0 max range 10km and data rate 330kbit/s
Range of Inclin. Angle: +35° 0 max. 3500W Electrical power at the seafloor unit
Resolution Digital: 0.1° 0 1500V Voltage at the coaxial cable
Acceleration: Z-Axis
Lifting appliance

0 Three Point Suspension

0 very high turning protection

0 mobil 10.000kg winch

0 mobil 1500kg Tension winch

0 load messure bolt inside the bloc

0 electronic Regulator for Tension winch
0 mobil hydraulic power unit



@ Universitat Bremen

=1 Universitat Bremen - Fachbereich 05 - Postfach 33 04 40 - 28334 Bremen

Cone Calibration Sheet

Number
Type
Date

Engineer

Calibration Sheet Number

Cone Calibration Equipment

HBM Certificate Number

JESSICA

Subtraction Cone, 5 cm?2

November 24th 2012

Wolfgang Schunn

010113v1JESSICA

HBM S9M 50kN (calibration sensor)
AST AE 703 (analog/digital converter)

padafum

Center for Marine

Environmental Sciences

FB 05 Geowissenschaften
Leobenerstr.

MARUM Gebé&ude, Raum 2210

28359 Bremen

Postfach 33 04 40
28334 Bremen

LabView via USB (data aquisition unit/logger)

1472828A — FL1194

resolution [kN/digit]

zero offset [kN]

maximum Inaccuracy*
[% of maximum load]

+0.36
0.00000842 -0.77307
Tip Resistance -0.25
0.00000919 1.3196 +0.56
Tip + Sleeve -0.3

resolution [kPa/digit]

zero offset [kPa]

maximum Inaccuracy*
[% of maximum load]

Pore Pressure

0.000216

31.845

+0.5
-0.5

Acceleration

resolution [m/s?/digit]

zero offset [m/s?]

nonlinearity [%]

interaxis alignment error [°]

cross axis sensitivity [%]

X-axis

0.070323

-35.407

+0.2
0.1

y-axis

0.068601

-34.301

z-axis

0.068842

-35.006
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Cone Specifications

Cone base area 500 mm?
Area ratio 0.67 [-]
Nominal tip load 50 kN
Friction sleeve area 7500 mm?
Nominal sleeve load 50 kN
Nominal load pore pressure 700 kPa
Temperature compensation 0... +40 °C
(all sensors)

Maximum overload capacity 100 %

(all sensors)

Remarks All calibrations are done linear — upon special request higher resolutions can be
achieved for selected data ranges using non linear calibration funcions

Approved Date: November 24th
Technicians: Daniel Otto/Ehsan Jorad

W2

Prof. Dr. Tobias Moerz
Marine Engineering Geology, MARUM/FH-IWES, University Bremen, GER
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C4.1 Summary

The tests results presented herein are those obtained in the laboratory onboard the
vessel during the offshore fieldwork. The geotechnical testing in the offshore
laboratory consisted of the following:

e Soil description and soil classification
e Water content determination
e Index shear strength testing

In addition to the geotechnical testing the measurements of the concentration of
mercury in the samples were performed by NIVA.

The results from the geotechnical testing performed offshore are presented in the
borehole logs in Part B1.

The samples were obtained in plastic liners (diameter ~100 mm) acquired using the
vibro core and the gravity core samplers. Surface samples were obtained using the
ROV sampler.

The vibro/gravity core samples were obtained in 6 m nominal lengths and cut into
1 m sections. In general, the top 20 cm of each section is cut and removed to allow
offshore laboratory testing. These 20 cm samples were extruded offshore.

Focusing on the mercury concentration for the samples obtained close to the wreck
parts, the depth interval between 0.5 m and 0.6 m below seafloor were also tested
offshore.

The plastic liners were then sealed and shipped back to the onshore laboratory. No
waxed samples were obtained.

The ROV samples are 0.5 m nominal in depth. The contents were extruded offshore
and tested for mercury concentration by NIVA. Geotechnical sample description
was performed.

Table C4-1 contains a soil description of relevant parts extruded offshore.
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C4.2 Classification tests
C4.2.1 Water content

Water content determination is a classification test performed on the section
brought to the offshore laboratory. Material from the inner part of the sample is
taken to avoid disturbed material from the outer parts that may influence the water
content measurement.

The derived water contents are presented graphically on the borehole logs in
Part B1.

C4.2.2 Total unit weight

Unit weight is determined from all water content determinations assuming the soil
is 100% saturated and assuming a unit weight of solid particles of 27.3 kN/m?. The
values are presented on the borehole logs in Part B1.

C4.2.3 Index undrained shear strength and sensitivity

Index shear strength determinations are made in the top 20 cm of each of the plastic
liner sections extruded offshore. Fall cone was used to measure index undrained
shear strength. The undrained shear strengths determined from these index tests are
plotted versus depth in the borehole logs in Part B1.

Fall cone is also used to determine the remoulded undrained shear strength. The

ratio of the undrained shear strength to the remoulded undrained shear strength is
the sensitivity of the material.
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C4.3 Laboratory test procedures
C4.3.1 Water content

Water content (w) is the mass of water in the sample expressed as a percentage of
the mass of solids. It is found by weighing a representative part of the sample
before and after 17-20 hours of oven drying at approximately 110°C.

C4.3.2 Index undrained shear strength and sensitivity

The fall cone apparatus measures the penetration of a cone into the specimen after it
has been released from an initial stationary position with the tip of the apex at the
surface of the specimen. Cones with different apex angles and masses are used. At
least 3 releases of the cone are carried out on the specimen for each test. Based on
the average value of penetration, the undrained shear strength is estimated from
empirical correlations between cone type and penetration. The weight of the cones
used for this project was 10, 60 and 100 g.

To calculate soil sensitivity in the laboratory, a test is conducted on an undisturbed
specimen of 3-4 cm thickness and a second test on the remoulded specimen. The
ratio between the shear strength estimates from the former and the latter is the
sensitivity.
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Date: 2013-03-07
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Table C4-1

Sample List, U-864

Boring Sample | Sample | Depth | Recovery | Part| Tube/Bag]  Depthm | Length| Soil Sample discription
No. type m cm WaxPlexi| from | to | cm |Gisisic
2013-404 Vibro core 1 000 | 100 C [ Bag 000 | 020 | 20 S |SAND, clayey. with coarse gravel, with shell fragments, GLEY 4/1, dark greenish gre
B | Tube | 020 | 0.80 | 80 SIC__|Stored in tube
A | Bag 080 | 090 | 10 C__[CLAY. slightly silty. with pockets of sand and scattered grains of coarse gravel, GLEY 3/1, very dark gre
B | Bag 090 | 1.00 | 10 C_ |Asabove
2 100 | 100 A | Tube | 100 | 1.80 | 80 C__[Stored in tube
B | Bag 180 | 200 | 20 C__[CLAY, silty, with scattered grains of gravel, 3/1 very dark grey. becoming sandy with depth
3 2.00 a5 A | Tube | 200 | 2.40 | 40 C_|Asabove
2013-403 Vibro core 1 000 | 100 A | Bag 000 | 020 | 20 C__[CLAY. silty. very soft, with pockets of sand, shell fragments, GLEY 3/1, very dark gray, occ scattered grains of medium gravel
B | Tube | 020 | 050 | 30 C_ |Asabove
Cc | Bag 050 | 0.60 | 10 C_ |Asabove
D | Tube | 060 | 1.00 | 40 C_ |Asabove
2 1.00 a5 A | Bag 100 [ 120 | 20 C_[CLAY. silty, sandy_ gravely, GLEY3/1, very dark gre:
2013-402 Vibro core 1 000 | 100 A | Bag 000 | 020 | 20 S |SAND, silty. with shell fragments, GLEY1 3/1, vey dark grey
B | Tube | 020 | 050 | 30 S |Asabove
Cc | Bag 050 | 0.60 | 10 C__[CLAY. silty, sandy. slightly gravelly, GLEY1 3/1, vey dark grey
D | Tube | 060 | 1.00 | 40 C_ |Asabove
2 100 | 100 A | Bag 100 | 115 | 15 C__[CLAY, silty, slightly sandy with occasional scattered grains of gravel, GLEY 1, 3/1, very dark gre;
B | Tube | 120 | 200 | 80 C_ |Asabove
3 2.00 | 100 A | Bag 205 | 215 | 10 C__[CLAY. silty, sandy. slightly gravelly, medium, with traces of shell fragments, GLEY 1, 3/1, very dark grey
B | Tube | 220 | 3.00 | 80 C_ |Asabove
a 3.00 40 A | Tube | 300 | 3.40 | 40 C_|Asabove
2013-405 Vibro core 1 000 | 100 A | Plexi 000 | 020 | 20 S |SAND; silty. gravelly, occ. Shell fragments, GLEY 1 4/1, dark greenish gre
B | Tube | 020 | 050 | 30 S |Asabove
C [ Plexi 050 | 0.60 | 10 S |As above, butless shell fragments
D | Tube | 060 | 1.00 | 40 S |Asabove
2 100 | 100 A | Plexi 100 | 110 | 10 C__[CLAY. silty. grains of gravel, GLEY 1 4/1, dark greenish grey, 1 coarse gravel ca 3 cm in diam
B | Plexi 100 | 110 | 10 C_ |Asabove
Cc | Bag 110 | 1.20 | 10 C_ |Asabove
D | Bag 110 | 1.20 | 10 C_ |Asabove
E | Tube | 120 | 200 | 80 C_ |Asabove
3 2.00 | 100 A | Plexi 200 | 210 | 10 C__[CLAY, silty, very soft, with black spots, dark gre
B | Plexi 200 | 210 | 10 C_ |Asabove
Cc | Bag 210 | 22 | 10 C_ |Asabove
D | Bag 210 | 220 | 10 C_ |Asabove
E | Tube | 220 | 3.00 | 80 C_ |Asabove
a 3.00 20 A | Bag 300 | 310 | 10 C__[CLAY. silty. grains of gravel, GLEY 1 4/1, dark greenish grey, black spots
B | Bag 310 | 320 | 10 C__|As above but with numerous coarse gravels in bottom
C | Tube | 320 | 340 | 20 C_|Asabove
2013-406 Vibro core 1 0.00 |_100 A | Bag 000 | 010 | 10 S |SAND, clayey. NOTE: Withnercur
Bag 010 | 020 | 10 C__[CLAY. sandy, grains of gravel, dark greenish grey. GLEY 1 4/1. NOTE: Withercur,
Tube | 020 | 050 | 30 C_ |Asabove
NOTE: Sample 2013-406 was C | Bag 050 | 060 | 10 C__[CLAY. Note! appears in the sample with lots of pearls.
not shipped to NGI Oslo due to| Tube | 0.60 | 1.00 | 40 C_ |Asabove
high mercury content 2 100 | 100 A | Tube [ 100 | 120 | 20 C__[CLAY. Note! appears in the sample. This sample is note opened any further
B | Tube | 120 | 200 | 80 C_ |Asabove
Tube | 2.00 | 260 | 60 C_ |Asabove
2013-407 Vibro core 1 000 | 100 A | Bag 000 | 010 | 10 S |SAND, with shell fragments, very dark grey. Disturbed sample
B | Bag 010 | 020 | 10 S |Asabove
Tube | 020 | 050 | 30 S |Asabove
C | Bag 050 | 0.60 | 10 S |Asabove
Tube | 0.60 | 1.00 | 40 S |Asabove
Tube | 1.00 | 125 | 25
2013-401 Vibro core 1 000 | 100 A | Bag 000 | 020 | 20 S |sand, silty. slightly clayey, with shell, occ. Scattered pebbles and a few grains of gravel, very soft, very dark greenish gre:
Tube | 020 | 050 | 30 S |Asabove
B | Bag 050 | 0.60 | 10 C__[CLAY. slightly silty, sandy
Tube | 0.60 | 1.00 | 40 C_ |Asabove
2 100 | 100 A | Bag 100 | 1.20 | 20 C__[CLAY, silty, sandy. some fragments of shell, with few fine coarse gravel. very soft GLEY 1 2.5/N. Disturbed
Tube | 1.20 | 200 | 80 C_ |Asabove
3 2.00 65 A | Bag 200 | 220 | 20 C__[CLAY asabove
Tube | 220 | 265 | 40 C_|Asabove
2013-509 | Gravity core 1 000 | 100 A | Bag 000 | 015 | 15 S |SAND, gravel, greyish brown
B | Plexi 015 | 020 | 5 C__[CLAY, sandy, very soft, grains of gravel, dark greenish gre
C | Tube | 020 | 1.00 | 80 C_ |Asabove
2 100 | 100 A | Plexi 100 | 110 | 10 C__[CLAY. very soft, grains of gravel, dark gre:
B | Bag 110 | 1.20 | 10 C_ |Asabove
C | Tube | 120 | 200 | 80 C_ |Asabove
3 2.00 | 100 A | Plexi 200 | 210 | 10 C__[CLAY. very soft, silty, less gravel than above, slightly sandy, very dark greenish gre
B | Plexi 210 | 220 | 10 C_ |Asabove
C | Tube | 220 | 300 | 80 C_ |Asabove
4 3.00 % A | Plexi 300 | 310 | 10 C__|CLAY asabove
B | Plexi 310 | 320 | 10 C_ |Asabove
C | Tube | 320 | 390 | 70 C_|Asabove
2013-512 | Gravity core 1 000 | 100 A | Bag 000 | 020 | 20 S__|SAND, gravel, shell fragments, greenish grey
B | Tube | 020 | 1.00 | 80 S |Asabove
2 100 | 100 A | Plexi 100 | 110 | 10 C__[CLAY. silty. very soft, grains of gravel, dark greenish grey
B | Plexi 110 | 1.20 | 10 C_ |Asabove
C | Tube | 120 | 200 | 80 C_ |Asabove
3 2.00 | 100 A | Plexi 200 | 210 | 10 C__[CLAY. silty. very softto soft, grains of gravel. with shell fragments, dark greenish gre
B | Plexi 210 | 220 | 10 C_ |Asabove
C | Tube | 220 | 300 | 80 C_ |Asabove
4 3.00 %0 A | Plexi 300 | 310 | 10 C__|CLAY asabove
B | Plexi 310 | 320 | 10 C_ |Asabove
C | Tube | 320 | 390 | 70 C_|Asabove
2013-08 | ROV sample 1 0.00 18 A | Bag 000 | 018 | 18 S__|SAND, slightly silty, fine, gravelly. shell fragments
2013-28 | ROV sample 1 0.00 5 A | Bag 000 | 005 | 5 S__|SAND, gravelly, slightly silty, occ. shell fragments becoming CLAY
2013-30B_| ROV sample 1 0.00 19 A | Bag 000 | 019 | 19 S |SAND, with a fine gravel and few shell fragments, becoming CLAY, very soft, slightly silty, with a few of sand/silt
2013-31 | ROV sample 1 0.00 22 A | Bag 000 | 022 | 22 S__|SAND, gravelly, shell fragments becoming CLAY, silty, sandy, shell fragments
2013-32__| ROV sample 1 0.00 32 A | Bag 000 | 032 | 32 S |SAND, slightly gravely, becoming CLAY. silty, sandy, gravely
2013-34__| ROV sample 1 0.00 23 A | Bag 000 | 023 | 23 S |SAND, with fine to coase gravel, occ. shell fragments, becoming CLAY, silty, slightly gravel
2013-35 | ROV sample 1 0.00 9 A | Bag 000 | 009 [ o S |SAND, with shell fragments
2013-36 | ROV sample 1 0.00 1 A | Bag 000 | 001 [ 1 S |SAND, medium to coarse
2013-38_| ROV sample 1 0.00 17 A | Bag 000 | 017 | 17 SIC__|0.0 - 0.15 m: SAND, gravelly, shell fragments. 0.15-0.17 m: CLAY
2013-83 | ROV sample 1 0.00 24 A | Bag 000 | 024 | 24 S |SAND, gravelly followed by CLAY., silt
2013-87 | ROV sample 1 0.00 22 A | Bag 000 | 022 | 22 SIC__|0.0-0.1 m: SAND, gravelly, shell fragments 0.1-0.2 m: CLAY. silty. sandy, shell fragments
2013-88 | ROV sample 1 0.00 2 A | Bag 000 | 002 [ 2 S |SAND, with fine to coarse gravel, of shell fragments
2013-142 | ROV sample 1 0.00 3 A | Bag 000 | 003 [ 3 G |GRAVEL, sandy with shell fragments
2013-146 | ROV sample 1 0.00 7 A | Bag 000 | 007 | 7 S |SAND, silty, with shell fragments, a few coarse gravel
2013-155 | ROV sample 1 0.00 4 A | Bag 000 | 004 | 4 C__[CLAY. sandy, silt
2013-204 | ROV sample 1 0.00 4 A | Bag 000 | 004 | 4 S__|SAND, gravelly with shell fragments
2013-206 | ROV sample 1 0.00 10 A | Bag 000 [ 010 | 10 C__[CLAY. sandy, silty. gravell
2013-210 | ROV sample 1 0.00 25 A | Bag 000 | 025 | 25 S |SAND, slightly gravelly. with shell fragments, becoming CLAY, silty, slightl
2013-211 | ROV sample 1 0.00 12 A | Bag 000 [ 012 | 12 S |SAND with shell fragments and a few pebbles becoming CLAY, silty, sand
2013-213 | ROV sample 1 0.00 23 A | Bag 000 | 023 | 23 S |SAND, with shell fragments becoming CLAY. silty, with pockets of sand and gravel
2013-301 | ROV sample 1 0.00 12 A | Bag 000 [ 012 | 12 S |SAND, slightly gravelly. with shell fragments
2013-302 | ROV sample 1 0.00 9 A | Bag 000 | 009 [ o C__[CLAY, silty, sandy. with shell fragments, a few pebbles
2013-306 | ROV sample 1 0.00 25 A | Bag 000 | 025 | 25 S |SAND, slightly gravelly with shell fragments becoming CLAY, silty, slightly gravelly, very soft, pockets and seams of sand, shell fragments
2013-308 | ROV sample 1 0.00 30 A | Bag 000 | 030 | 30 S |SAND, with a few grains of gravel and a few pebbles becoming CLAY, very soft, with a few scattered traces of sand and shell fragments
2013-312 | ROV sample 1 0.00 12 A | Bag 000 [ 012 | 12 S__|SAND, gravelly, slightly silty, a few gravel, shell fragments
2013-313 | ROV sample 1 0.00 2 A | Bag 000 | 002 [ 2 S__|SAND, gravell
2013-315 | ROV sample 1 0.00 22 A | Bag 000 | 022 | 22 S__|SAND, sily. slightly clayey becoming CLAY, silty. gravell
2013-316 | ROV sample 1 0.00 27 A | Bag 000 | 027 | 27 S |SAND, occ. shell fragments, a few fine to meium gravel becoming SILT, SAND, GRAVEL with occ. shell fragments, clayey
2013-317 | ROV sample 1 0.00 31 A | Bag 000 | 031 | 31 S__|SAND, slightly silty, a few gravel, shell fragments becoming CLAY. very soft, slightly silty. with a few grains of gravel
2013-320 | ROV sample 1 0.00 1 A | Bag 000 | 001 [ 1 G |GRAVEL, sand
2013-324 | ROV sample 1 0.00 6 A | Bag 000 | 006 | & S__|SAND, gravelly with shell fragments
2013-331 | ROV sample 1 0.00 26 A | Bag 000 | 026 | 26 S__|SAND, slightly gravelly, silty with shell fragments
2013-332 | ROV sample 1 0.00 1 A | Bag 000 | 001 [ 1 G__|GRAVEL, sandy with shell fragments
2013-333 | ROV sample 1 0.00 1 A | Bag 000 | 001 [ 1 S__[SAND
2013-334_| ROV sample 1 0.00 10 A | Bag 000 | 010 | 10 S |SAND, gravelly, silty with shell fragments and a few pebbles
Total recovery: 2892 cm
Total length in tubes: 1910 cm
Total length wax: 0cm
No. of bags: 65 #
No. of waxed: 0#
No. of tubes: 35 #
No. of plexi: 18 #
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1. INTRODUCTION

On 9th February 1945 the German submarine U-864 was on its way from Germany to
Japan via Norway when it sank, due to being torpedoed by the British submarine HMS
Venturer. Old documents claim the submarine was holding cargo of about 65 tons of
mercury, stored in steel-containers. The wreck of U-864 was discovered by the
Norwegian Navy in March 2003. The submarine is located west of Fedje, on depths of
150 meters.

The wreck is split into two main sections. The bow section is located on sloping seabed
with slope angel of about 15°, whereas the stern section lies in a nearly flat seabed area
uphill of the bow part. Surrounding seabed is contaminated.

The scope of this note is to summarize the analyses of wreck stability for the case with
staged rock/sand installation and soil consolidation in combination with increased
capping height of the wreck sections.

The tehcnincal note comprises:

o Determination of soil parameters for use in the analyses

e Methodology statement

e Static stability calculations to determine adequate geometry of the wreck and seabed
capping comprising sand and crushed rock as erosion protection

e 3D modelling of the capping design and required counterfilling

e Estimate of total volume
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2. SUMMARY

Soil conditions:

The seabed in the area is characterised by a relatively flat area in the south, at water
depth around 145 - 150 m, where the stern wreck section is located. Just south of the
stern section and in north-east there are steep seabed slopes with exposed bedrock.
Exposed bedrock is also present in the local seabed ridge west of the stern section.

Towards the bow section in north, the water depth increases gradually from 150 m to
175 m with an average slope angle of 15°. East of the bow section the seabed is
characterised by a local ridge with outcropping bedrock in the local steep areas and
local infill with sand and gravel in between the bedrock exposures. The area with
largest water depth in north is characterised by a valley widening towards north-east
from approximately 50 m to about 100 m. The bottom of the valley is nearly flat with
thick sediment layers.

The sediment stratigraphy comprises in general three sediment units:

Unit I: Top layer of loose gravelly sand
Unit Il Very soft clay, silty and sandy
Unit HI Moraine overlying bedrock

Assumptions / limitations in the analysis

Documentation of the detailed design of the rock encapsulation and capping of the
contaminated seabed performed in 2010 are presented in Ref. /7/. Compared to the 2010
design, the required thickness of the capping has been increased with about 2.3 m in the
areas with high contamination close to the wreck-parts and about 0.5 m in the areas with
low contamination.

e The design presented in this note is based on the rock cover geometry from 2010
and new stability analyses along section 11. Section 11 intersects the highest
rock fill height over the upper wreck part (stern) and is considered to be most
critical.

e Detailed requirements for the capping close to the wreck parts are not
determined. The total rock fill height is based on the requirements for a passive
cover given in Ref. /5/.

e The thickness of the capping layer over the wreck section in the slope (bow) has
not been checked due to uncertainty in the actual wreck height above seabed.

e Only the total volume of the capping model presented in this note. The volume
has not been split in different capping materials and erosion protection layers.
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The safety requirements applied in the design of the encapsulation and capping reflect
the regulations for structural design of load-bearing structures regarding the principle of
partial coefficients (load and material coefficients) in the design of submarine gravel
supports. The recommendations complies with the strictest requirements of Statoil with
respect to safety margins for submarine gravel supports used as foundation for subsea
structures or pipelines.

Stability during earthquake loading has not been evaluated for the rock cover presented
in this report. Earthquake loading was however assessed in geotechnical analysis of the
rock cover presented in Ref. /7/. Due to the moderate changes in the rock cover the
permanent displacements during the 107 earthquake load event are expected to be
negligible. For the 10 load event the permanent displacements are estimated to be less
than 20 cm which are also considered to be hardly noticeable.

The overall conclusion is that earthquake loading is not critical for the wreck
encapsulation and seabed capping. Figure 2-1 shows the final geometry of the
encapsulation and capping.

Figure 2-1 3D view towards south-west of finalised encapsulation and capping.

The total volume of the model is 235 236 m? which is very close to the total volume of
the model presented in Ref. /7/.
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3. ANALYSIS BASIS
3.1  Soil Conditions
The soil conditions are presented in Ref. /7/.

3.2 Rock Parameters

Typical rock parameters for a 1-5” gradation is:

Submerged unit weight: Yok =9.1kN/m?
Internal friction: tanp =0.85
Attraction: a =0 kPa

The given value of submerged weight is an average value representative for crushed
rock delivered from the quarries in the Bergen area, Ref. /2/. The characteristic strength
in terms of internal friction and attraction are based on experience data, Refs. /3, 4/.

3.3  Safety Requirements

The safety requirements reflect the regulations for structural design of load-bearing
structures, Ref. /8/ regarding the principle of partial coefficients (load and material
coefficients) in the design of submarine gravel supports. The recommendations given in
Table 3.3-1 complies with the strictest requirements of Statoil with respect to safety
margins for submarine gravel supports used as foundation for subsea structures or

pipelines.
Load conditions Loads | Load coefficient Material
coefficient
YL YL YL
ULS-O | ULS-E | PLS-A
Ym
Static stability, weight of P 1.3 N/A N/A 1.5in clay,
sand and rock reduces N/A N/A 1.25 in rock
stability (acting load) and sand
Static stability, weight of P 1.0 N/A N/A 1.5in clay,
sand and rock improves N/A N/A 1.25 in rock
stability (counteracting and sand
load)
YL = Load coefficient
Ym = Material coefficient
N/A = Not applicable
P = Permanent load

Table 3.3-1 Load and soil material coefficients for stability analyses of wreck

capping.
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The design loads are determined from a characteristic load multiplied by the associated
load coefficient. Minimum soil material coefficient for rock and sand is 1.25. The
undrained shear strength of clay is scaled down by the ratio 1.25/1.5 in the analyses to
allow for an average soil material coefficient for the entire shear surface through both
rock and clay.

Adequate shear mobilisation in frictional materials (crushed rock and sand) is 0.8
corresponding to a material coefficient of 1.25. Stricter requirements are according to
our interpretation valid for soft clay with contractant behaviour and in case of sparse
soil information. The value of 1.5 reflects the uncertainty in clay strength, the shear
strength value and the clay behaviour under loading.

3.4  Strength increase due to increased effective stress (consolidation).

The weight of the capping fill materials and the counterfill of crushed rock will result in
increased vertical stresses in the soft clay layers. During consolidation the increased
stress will gradually result in increased effective stress and increased shear strength in
the clay. A conceptual study of this effect is presented in Ref /10/ showing that a nearly
constant strength with depth may be achieved after about 12 months of consolidation
for a 6 m thick clay layer. The actual clay layer thickness is less (2 - 4m) in most of the
area in question resulting in shorter consolidation time than 12 months.

In the stability analysis the shear strength after 1 year of consolidation has been as:
Sy = 0.25Ycover - Heover + (1 KPa increase per meter)

Where yeover @and Heover are the submerged unit weight of the rock fill and the height of
the rock fill respectively. The consolidated strength (s, = 0.24 &,’) is chosen according
to the recommendations in Ref /1/.

The clay at the site shows an increase in strength with depth of 5.8 kPa per meter. A
small increase in strength with depth was therefore included in the in the consolidated
strength to avoid unrealistic low shear strength close to the bedrock/moraine.
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4. GEOMETRY OF WRECK CAPPING

The thickness requirements for different combinations of capping are given in Ref /5/.
For a passive layer which results in the largest thickness the a total height of 2.90 m is
found for the areas with high contamination close to the wreck parts while a thickness
of 1.15 m is found for the area with contamination. The total heights include a 0.20 m
thick erosion protection layer and 0.40 m for installation tolerance.

In the design presented in this report it is assumed that the 2.90 m requirement is
relative to both seabed and the wreck parts as shown in Figure 4-1. This results in a fill
height of 13.5 m above seabed at the highest part of the stern section of the wreck.

Vannstrgm

Erosjonssikring

1:3

Kvikksglvlast

Figure 4-1  Principle design of the capping layer from Ref /5/.
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S. METHODOLOGY

5.1  Stability Analyses

The method of stability calculation is based on the General Procedure of Slices (GPS),
according to Janbu, Ref. /9/ and the computer program SLIDE, which is also based on
the method of slices, Ref. /6/.

The rock/olivine fill stability is checked for several trial shear surfaces. The critical
shear surface contains the lowest safety margin.

In case counterfill is required, the dimensions are determined by three failure modes:

Failure mode 1: Local shear surface with outcrop through the counterfill gives the
minimum counterfill height.

Failure mode 2: Local shear surface at the edge of the counterfill gives the
maximum allowable height at the outer edge.

Failure mode 3: Global shear surface extending from the main fill and outcrops in

the seabed outside the counterfill edge gives the minimum length
of the counterfill.

Failure mode 3

Failure mode 1

Failure mode 2

Counter fill

Figure 5.1-1 Failure modes to be analyzed for determination of counterfill dimensions
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6. CAPPING MODEL AND VOLUME

6.1 3D Modelling as Basis for Stability Evaluations

The survey data provided, Ref. /11/, was used to produce a digital terrain model (DTM)
of the seabed. By studying the DTM sections of interest Section 11 was selected for the
new stability analyses. Figure 6-1 shows a top view of the area. In total 20 sections were
evaluated in the previous phase due to the large size of the area and the rugged seabed.

Salttit

Figure 6-1  Overview of sections for evaluation produced by the 3D model.
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6.2  Stability Analyses

Documentation of the detailed design of the rock encapsulation and capping of the
contaminated seabed performed in 2010 are presented in Ref. /7/. Compared to the 2010
design, the required thickness of the capping has been increased with about 2.3 m in the
areas with high contamination close to the wreck-parts and about 0.5 m in the areas with
low contamination.

The design presented in this note is based on the rock cover geometry from 2010 and
new stability analyses along section 11. Section 11 intersects the highest rock fill height
over the upper wreck part (stern) and is considered to be most critical. Detailed
requirements for the capping close to the wreck parts are not determined. The total rock
fill height is based on the requirements for a passive cover given in Ref. /5/. The
thickness of the capping layer over the wreck section in the slope (bow) has not been
checked due to uncertainty in the actual wreck height above seabed. In the stability
analysis a one m thick layer of sand with friction angle 35° and submerged unit weight
11 kN/m? is underlying the rock fill.

The present analyses assume sand and rock installation in three phases.

Figure 6-2 shows the results from the stability analyses of Section No 11 in Phase 1. In
Phase 1 a 10 m thick counterfill is installed at the bottom of the slope. The thickness is
then gradually reduced to 2.3 m at the intersection with the stern wreck part.

Figure 6-3 shows the result from the stability analyses of Section No 11 in Phase 2.
Phase 2 can be installed minimum one year after Phase 1. In Phase 2 additional
counterfill is installed with height increasing from 0 to 4 m from the bottom of the slope
to the position of the bow part of the wreck. The height is reduced to 0 m at the stern
part.

Figures 6-4 shows the results from the stability analyses of Section No 11 in Phase 3.
Phase 3 can be installed 1 year after Phase 2. The increased strength due to
consolidation is required to achieve sufficient stability. In Phase 3 the cover over the
stern part of the wreck can be completed. The stability for rock cover over the stern part
is calculated using a load factor of 1.3 on the unit weight if the crushed rock.
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Figure 6-2  Stability along Section No 11 Phase 1
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Figure 6-3  Stability along Section No 11 Phase 2
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Figure 6-4  Stability along Section No 11 Phase 3

6.3 Model and volume

Figure 6-5 shows a 3-D view of the completed seabed capping and counterfill.
Compared to the design from 2010 the cover height is increased in the upper parts
covering the wreck parts and reduced with 2 m in the counterfill at the bottom of the
slope. The consolidation effects compensated for the increased cover heights.

The total volume of the model is 235 236 m? which is very close to the total volume of
the model presented in Ref. /7/.

Figure 6-5 3D view of the finalised encapsulation and seabed capping.
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1 Introduction

NGI has prepared by request from DNV (mail 2014) a technical note demonstrating
the effect of consolidation on the undrained shear strength of a clay layer subjected
to load by a 7m high counter fill.

The German submarine U-864 was sunk by the British submarine Venturer on 9t
February 1945, whilst being on its way from Germany via Norway to Japan with a
cargo of war material. According to historical documents, U-864 was carrying about
65 tonnes of metallic (liquid) mercury, stored in steel containers. The wreck of the
U-864 was found by the Royal Norwegian Navy in March 2003 on 150 meters depth.
The wreck lies approximately 2 nautical miles west of the island Fedje in Hordaland,
Norway and is broken into two main parts as a result of the torpedo hit. The position
of the wrecks and the water depths is given in Figure 1.1.
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Figure 1.1 Bathymetry date and wreck locations
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As a part of an environmental protection of the area around the submarine wreck, a
capping design is investigated. One part of the submarine is located on a slope and
the weight of the capping reduces the slope stability. In order to keep a secure slope,
a filling may be needed in the bottom of this slope. A sketch of the slope with a
typical capping and counter filling is shown in Figure 1.2.

The construction process is divided into two phases: first is the counter filling
installed, and afterwards the capping on the slope is constructed.

Wreck
— Capping for enviromental protechtion

Counter filling

\

T~ h=Tm __—"

Bedrock l..-.""‘“‘x%_ ) Silt and Clay layers -

Figure 1.2 Cross section sketch of slope with capping and counter filling

The time between construction of counter filling and capping is not decided, but the
height of the counter filling may be reduced if the effect of consolidation of the clay
layer under the filling on the undrained shear strength of the clay is taken into
account.

Rock/gravel is used to construct the counter filling on top of the clay layer. As a
result, the clay layer will consolidate, involving an increase in effective stresses in
the clay layer over time. This effective stress increase also involves an increase in
the undrained shear strength over time.

This technical note presents the potential effect of consolidation on the undrained
shear strength over time of the clay layer when loaded by the counter filling.

2 Soil data

Soil investigations were performed in 2006 (NGI, 2006) and in January 2013 (NG,
2013). The soil data used in this technical note is based on the findings from these
two surveys.
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2.1 Soil stratigraphy

In total 12=4+8 CPTs and 3=1+2 vibrocores were carried out in the bottom of the
slope. The layering of the area is based on interpretation of the CPT results, see
Figure 2.1. The soil investigations revealed quite homogenous soil conditions in the
area.

Undrained shear strength, s,%, kPa
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Figure 2.1 Corrected cone resistance versus depth, from NGI (2013)

The following two soil layers were encountered:

Unit I: SILT, sandy, clayey or SAND, clayey, silty
Unit II: CLAY, soft to medium

The thickness of the two soil units is varying across the area. The thickness of Unit |
was found to vary between 0 - 1.7 m and the bottom of Unit Il was not found.

2.2 Soil parameters

Two different soil units located above bedrock/moraine were identified in the two
soil investigation reports. Table 2-1 summarises the findings. The presented
parameters are from NGI (2013) report.
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Table 2-1 Summary of soil parameters, from NGI (2013)

w v Ip St OCR
[%] [kN/m’] [%] [-] [-]

Unit | 25 20

Unit I1 25 20 15 3 ~1

Two oedomemeter tests were carried out in the NGI (2013) survey. The tests are
designed to determine the compressibility (or constrained modulus) and the
coefficient of consolidation of the specimen tested. The coefficient of consolidation,
Cv, is calculated from Equation 1.

Equation 1

where M is the constrained modulus, k is the coefficient of permeability and sy is the
unit weight of water. From NGI (2013) the coefficient of consolidation, cv, was found
to be 3.0107 m?s.

3 Undrained shear strength increase as a function of time

To demonstrate the effect of consolidation, a simplified example is assumed where a
soil layer consisting of Unit Il clay is lying on top of an impermeable bedrock. A 7.0
meter high rock filling is placed on top of this clay layer. The clay layer is therefore
one-way drained. The effective unit weight of the filling is assumed to be y'=10
kN/m? and the surcharge from the counter filling on the clay layer is p=107=70 kPa.
The simplified example is illustrated in Figure 3.1. The clay layer is assumed to be
normally consolidated.

p=70klPa

N

Unit I1 |
v = 10kN/m?

co =3.0-107"m/s
s©=0.3-0'kPa

h

Figure 3.1  Simplified model
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The non-dimensional consolidation time is given by Equation 2.
CU
T = ﬁt
Equation 2

The pore pressure distribution for one-way consolidation as a function of depth and
time is given by Equation 3 (Verruijt 2012):

M 4o (-1t m(h=2)\ (-@-v22ir)
- = - - | — —_ 7 4
D nZ 2 —1 C°S<(2] D32 )e

]:

Equation 3
The effective stress is calculated as:

! !
O—y—z.‘y +p-<1__)
Equati0n4

Assuming that the clay is normally consolidated, the compression shear strength is
calculated as:

s$=03-0,
Equation 5

The shear strength increase in different depths as a function of time can then be
calculated; this is done in Figure 3.2. The effect of consolidation during construction
of the filling and the load spread of the filling is here disregarded. The consolidation
response is calculated assuming two different thickness of the clay layer: h=6 m and
h=12m.

End of consolidation of the two clay thicknesses is found after:

H? 62
too'hzﬁm = TZ = ZW =24- 1085 ~ 8 years
Equation 6
H? 122 o
tooh=12m = TZ = ZW = 9.6-10%s ~ 30 years
Equation 7
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It can be seen that end of consolidation will occur approximately four times faster for
the 6 m clay layer than for the 12 m clay layer.

z=3m, h=6m
z=5m, h=6m

Figure 3.2 Increase in undrained shear strength increase versus time for a clay
layers with different thichness consolidated with a load of p=70kPa

Figure 3.2 shows the increase in undrained shear strength as a ratio between
undrained shear strength before the filling is constructed (su0) and the undrained
shear strength at a given time after construction of the filling (suy).

In Figure 3.2 it is shown that the increase in shear strength is relative high for lower
depths. The strength increase is practically identical for the two thickness until
approximately half a year consolidation. After this point the strength increase is faster
for the h=6m thickness.

As an example, the effect of consolidation for a clay thickness of h=6m is calculated
for different times after construction of the filling. The results are shown in Figure
3.3. The increase in undrained shear strength is large in the upper part of the clay
layer and reduces with depth.

p:\2013102\20130288\leveransedokumenter\teknisk notat\consolidation 20130288-02-tn.docx



Figure 3.3

p=70kPa.

= wn =

&n

B3
=

Depth below seafloor, m
= = L bt
o =] wn =

o
=

o
]

L]
o

=

el

Lindrained shear strength, 5,%, kPa
: 30

4
|

L i
-

A i i i A i

Y\
i

A i i i

-= sy t=0

— Gy, =1 maonths

—— 8y, (=3 months
Sy, =6 months
sy. (=12 months

— sy, = 24 months

—_— gy,

AL i 8

i i i -

Ll i i

Ll i i

\

L i i

N

é.0

-

\\
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thickness of h=6m as a function of consolidation time, for a consolidation load of

4 Conclusion

This technical note illustrates the potential effect of consolidation on the undrained
shear strength by means of a simplified example. A significant increase in undrained
shear strength in the top of the underlying clay layer may be expected already a short
time after filling construction. The estimation of the effect of consolidation is,
however, based on simplifications and should be re-evaluated in a detailed design of

the counter filling.

It is recommended to consider a potential undrained shear strength increase due to
consolidation in a detailed design of a possible filling. Here, the effect of
consolidation during construction of the filling and the load spread of the filling

should be included.
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SUMMARY

Kystverket (KyD) / Norwegian Coastal Administration assigned in November 2012 DOF Subsea
Norway AS a contract (2012/2998) for a final data collecting campaign, (phase 3A) in order to
obtain additional information regarding the two pollution abatement alternatives to be evaluated for
the submarine wreck U-864 West of Fedje. The project was performed in cooperation with the
subcontractors Admiral Consulting, Franzefoss, GEO Engineering, Marine Sampling Holland,
FRAMO, NGI, and NIVA. The work was conducted with a dynamic positioned vessel endowed with
1 working ROV and heave-compensated crane. The project was performed without any adverse
events related to health, safety and environment (HSE).

The purpose of the tasks were to obtain additional information regarding the two alternatives to be
evaluated by the Kystverket. The alternatives are as stated below.

e Seal-in the polluted area, utilizing sand with special characteristics
e Retrieve the Hg cans from the keel section and seal-in the polluted area

The project was based on the results and the experience from U-864 Phase 1 and Phase 2,
conducted in 2005 and 2006.

This report contains the descriptions and results from the work conducted during the U-864 Phase
3A. There are also done a comparison between the measures from 2006 with the new information
collected in 2013.

The following tasks were planned for Phase 3A:

Multibeam echo sounder area survey of 2km by 2km
High Definition video survey

Geotechnical survey

Height, trim and list measurements

Sub Bottom Profile survey of the rotation pits

Oil Recovery

Multibeam echo sounder area survey of 2km by 2km

The multibeam (MBE) survey 2km by 2km centred over the U-864 wreck produced 100% coverage
of the survey area, with exceptions of vertical or near vertical slopes. No sign of any additional
wreckage or anomalous features were found in the survey area.

Establishment of clear zones with High Definition video survey

This task consisted of a High Definition video survey to the West and South West of the wreckage
for establishment of a clear zone with regard to possible explosives on the seabed. Sixty-eight (68)
targets / objects of metal debris were observed in the clear zone, of these 32 were new targets. No
debris or targets were identified as possible explosive and none were considered to be significant
in terms of Hg contamination. Targets previously identified during Phase 1 and 2 were found to be
in the same locations and in a similar condition to that previously reported.

High Definition video survey of wreck and debris

This task consisted of High Definition video survey (detailed inspection) of the major wreck
sections and larger debris to identify features unique to the missing centre section of the U-864
and to establish what, if any, deterioration had taken place in the wreck’s condition since Phase 2.

Significant observations made during the inspection, were the discovery of an internal bulkhead on
the stern section, this resulted in revision of the estimated point at which the U-864 had been
damaged by the torpedo impact and the discovery of the loss of the extreme end of the stern. The

DOF Subsea Norway AS Project No.:600225 Contract 2012/2998
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total length of the intact keel are up to 4.0m longer than earlier calculations. The Keel on the Stern
section is exposed for approximately 2.5m.

The positive identification of the U-864 snorkel that was mounted amidships and in close proximity
to the conning tower, the entire pressure (water tight) section of the conning tower, a part of the
saddle tank from the area of the control room, the upper works of the conning tower and
“Wintergarden” and the attack periscope are all main parts of the “missing” mid section. They were
all found in close vicinity to the stern section. The mounting pedestal for the “Underwasserzieloptic”
(UZO) from the port forward area of the conning tower of U-864 was identified and recovered to
surface for further investigations.

Geotechnical survey

The geotechnical work consisted of cone penetration tests (CPT) down to 6.1m depth at 8
locations, sampling with Vibro corer down to 3.4m depth at 7 locations and sampling with Gravity
corer down to 4m at 2 locations. For the mercury pollution level monitoring additional 35 soail
samples were taken using an ROV mounted system After the field work NGI and NIVA conducted
laboratory work on the collected data.

The 2013 NGI geotechnical survey describes relative homogeneous soil conditions with a soil unit
consisting of sandy, clayey SILT or clayey, silty SAND (soil unit 1) over a unit of soft to medium
CLAY (soil unit II). A lower unit reported in 2006 of consolidated SAND/ GRAVEL over bedrock
was not encountered in 2013.

The 2013 NIVA analyses of the sediments showed an increase in the level of mercury for some of
the sediment stations north and west of the submarine, compared to the 2006 results. Sediment
stations east and southeast of the submarine had low concentration of mercury and did not show
any evidence of increase since 2006. This result falls into agreement with the direction of the water
current in this area, which goes in a north western direction (ref /4/).

Height, trim and list measurements

This task consisted of a low fly MBE survey directly over the stern wreck section of U-864 to
assess any movement of the section when compared to the previous survey in 2006 (Phase 2) and
that collected during Phase 3A. From the evidence available it is believed that any movement of
the stern section is negligible.

Sub Bottom Profile survey of rotation pits

This task consisted of an Sub-Bottom Profile (SBP) Survey of the proposed rotation pits. This
consisted of 18 lines in total covering both the Bow and Stern section rotation pits. There were no
bedrock outcrops or large rocks identified within the location of the rotation pits. In addition to the
cross lines at the wreck site a supplementary cross line was ran in the trough North of the wreck
site to tie the data in, and also gain more information for this area with respect to possible
backfilling.

Oil Recovery
The main task of the Oil Recovery consisted of recovering any oil residue from the tanks of the U-
864. This specific operation was performed by FRAMO.

The conditions of the weld seems for the outer shell of the fuel tanks were found in a poor
condition. Due to the poor state of condition, the focus changed during operation from oil recovery
to verification survey for most of the fuel tanks. If there were any uncertainty, oil recovery of a tank
was commenced. Oil recovery was done for 3 of the 16 tanks on the U-864, and only minor
guantities of oil was recovered from those 3 tanks.
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VOR 02 — Air pockets

Main task was to evacuate possible air pocket inside the aft wreck section, to resolve the issue
with unknown wreck stability.

A cut was performed in the aft section pressure hull, and air evacuation continued for
approximately 6hrs. It is assumed that aft water tight sections have been completely flooded.

VOR 03 - Oil Leak and position of U-864

A few days after completion of the VOR 02 operation, DSNO was asked to perform an
investigation of oil leakage from U-864. Oil was then found to leak from the pressure hull cut done
during the VOR 02 operation (see above section). Oil was spotted coming out of cracks around the
aft section, however this is most likely oil trapped inside or under fuel tank plates. The level of oil
leak was measured to be approximately 0.3L/hr, no oil was visible on sea surface.
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1 INTRODUCTION

1.1 PROJECT DESCRIPTION

The German submarine U-864 was sunk outside Fedje, west of Bergen, in 1945. The submarine
was torpedoed amidships by a British submarine, broke in two and sank. The wreck is located at
approximately 150m water depth. Both wreck sections are standing on the seabed on their keels,
with a list of 24 and 15 degrees for forward and aft section respectively. The aft wreck section is
situated on flat terrain and the forward section in a relatively steep slope with its bow pointing

upwards.

Fedja

U-864

egarde
|
1

i

Austrhaim

I b M\A\‘)\\!\-\ Man{_iurdcl;u‘
\
LY

ALtV

A

Raday

\ T
%
Lindasy.
LS

Weland.
N

39 2 |

Ullznsvang

Figure 1.1

Map of U-864 location
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Figure 1.2 U-864 wreck and orientation on sea bed (From Phase 3A Survey, 2013)

U-864 is assumed to contain 67 tons of liquid mercury (Hg), stored in 1857 carbon steel cans in
compartments inside the keel. When torpedoed, the mid-section of the submarine was blown up
and a substantial number of the stored Hg cans were destroyed. This led to significant Hg
pollution of the seabed below. The number of Hg cans that have corroded and started to leak is
unknown. It is assumed that there are intact Hg cans inside the keel compartments of both
wreck sections, but the number of Hg cans and their condition is not known.

Kystverket has performed two offshore survey campaigns of the wreck site, Phase 1 in 2005
and Phase 2 in 2006. Based on the information obtained Kystverket has given recommendations
to the Ministry for Fisheries how to minimize the effects of the Hg pollution.

The authorities have decided to further evaluate two different methods of pollution abatement:
1. Seal the polluted area, utilizing sand with special characteristics.
2. Retrieve the Hg cans from the keel section and in the polluted area, and then seal the
polluted area, utilizing sand with special characteristics area.
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This report contains the findings from the Phase 3A Survey and Geotechnical campaign performed
January 2013.

1.2 DEFINITIONS AND ABBREVIATIONS

Cc-O0
CPT
CTD

DGPS
DSNO

DTM
GPS
HAIN

HiIPAP

HSE
INS
MBE/
ROV
SBP
SIN
SVP
USBL
UTM

MBES

1.3 REFERENCES

Calculated minus Observed

Cone Penetration Test

Conductivity, Temperature and Density
Differential Global Positioning System
DOF Subsea Norway AS

Digital Terrain Model

Global Positioning System
Hydro-acoustic Aided Inertial Navigation

High Precision Acoustic Positioning system

Health, Safety and Environment
Inertial Navigation System
MultiBeam Echo Sounder
Remotely Operated Vehicle
Sub Bottom Profiler

Serial Number

Sound-Velocity Probe/profile

Ultra Short Baseline (acoustic positioning)
Universal Transverse Mercator projection

Table 1.1 Task Plan Listing
No. Task Plan Description of Task Date
11/ 600225-SSKO-001 Task plan HiPAP Cal Byfjorden 04.01.2013
12/ 600225-SSK0O-002 Task plan MBE Cal Byfjorden - Copy 04.01.2013
13/ 600225-SSK0-003 Task 1 MBE Grid Survey 05.01.2013
14/ 600225-SSKO-004 Task 7 GVI Wreck Sections 07.01.2013
5/ 600225-SSKO-005 MBE Survey U864 07.01.2013
16/ 600225-SSK0O-006 MBE verification 07.01.2013
17/ 600225-SSKO-007 Video Survey Clear Areas U864 08.01.2013
18/ 600225-SSKO-008 Geotechnical work for U-864 Rev 2 10.01.2013
19/ 600225-SSKO-009 SBP Survey 11.01.2013
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Table 1.2 DSNO Procedures
No. Document No. Title
11/ DG-PY-0002 Policy - Health, safety and working environment
12/ DSA-SV-ST-0002 Global Standard - Dimensional Control Vessel and ROV
13/ DSA-SV-GL-0002 Guideline - Motion Calibration System, Javad Navigation Systems
(Javad/Vessel)
14/ DSA-SV-TMP-0005 Procedure - Heading Sensor Calibration, DSNO
/5/ DSNO-SV-PR-0001 Procedure — Doppler and HAIN system checks
16/ DSNO-SV-PR-0002 Procedure — SAIV SD204 STD/CTD Operation
17/ DSNO-SV-PR-0004 Procedure — Vessel Mobilisation
8/ DSNO-SV-PR-0008 Survey Acceptance Test, DSNO
19/ DSNO-SV-PR-0010 Procedure — DGPS Configuration
110/ DSNO-SV-PR-0016 Procedure — Sound Velocity Sensor Verification
/11/ DSNO-SV-PR-0017 Procedure — Transfer of Data and Information to Online Surveyor
12/ DSNO-SV-PR-0021 Procedure - Paroscientific Digiquartz Depth Sensor Configuration
and Operation
113/ DSNO-SV-PR-0028 Procedure — DGPS Health Check
114/ DSNO-SV-PR-0029 Procedure — Leica Builder R200m Total Station
/15/ DSNO-SV-PR-0032 Procedure — Motion Reference Sensor Calibration and Verification
116/ DSNO-SV-PR-0033 Procedure — USBL Calibration and Verification
117/ DSNO-SV-PR-0035 Procedure — Survey QA Checklists
/18/ DSNO-SV-PR-0036 Procedure — Collection of survey Data
119/ DSNO-SV-PR-0037 Procedure — Control and Calibration of Total Stations
120/ DSNO-SV-PR-0039 Procedure — Survey Process
121/ DSNO-SV-PR-0044 Procedure — HiPAP Calibration using Kongsberg's APOS
122/ DSNO-SV-PR-0045 Procedure — Multibeam Echo-sounder Calibration and Verification
123/ DSNO-SV-PR-007 Procedure - Pressure Sensor for Draught Measurement
124/ DSA-SV-MN-0001 Process Management — Geology
125/ DSA-GO-GL-0002 Guideline - Video Eventing
126/ DSNO-SV-PR-0004 Procedure - Visualsoft
1271 DSA-SV-ST-0015 Global Standard — Data Processing
128/ DSA-SV-ST-0016 Global Standard — Project start-up and Crew Change
129/ DSA-SV-ST-0017 Global Standard - Survey Data Corrections
130/ DSA-SV-ST-0018 Global Standard - Terrain Modelling
131/ DSA-SV-ST-0019 Global Standard — Data Presentation
132/ DSA-SV-ST-0020 Global Standard - Internal Reporting
133/ DSA-SV-ST-0021 Global Standard — INS-HAIN Post Processing in Naviab
134/ DSNO-SV-PR-0050 Procedure — Water column - use of CTD/SVP Data
135/ DSA-SV-GL-0016 Guideline - NaviEdit
136/ DSA-SV-GL-0017 Guideline - Imaging
1371 DSA-SV-GL-0019 Guideline - Surfer
138/ DSA-SV-PR-0018 Procedure - Cfloor
139/ DSA-SV-PR-0019 Procedure - Navimodel
140/ DSA-SV-GL-0027 Guideline - GIS
141/ DSA-SV-GL-0021 Guideline - Autochart
142/ DSA-SV-GL-0022 Guideline — Data Export from AutoCad to ARCGIS
143/ DSA-SV-GL-0008 Guideline — Seabed Topography Reporting, creating diagrams
144/ DSA-SV-GL-0023 Guideline - Isopach Modelling
145/ DSA-SV-GL-0024 Guideline - Pipeline Inspection
146/ DSA-SV-ST-0026 Global S_tand_ard - AutoCad -Designing and Maintaining
Production Line
147/ DSA-SV-PR-0016 Procedure — Sub Bottom Profiler (SBP) Operation DOF Subsea
148/ DSA-SV-PR-0017 Procedure — Sidescan Sonar (SSS) Operation DOF Subsea
149/ DSA-SV-ST-0004 Global Standard - Sub-bottom Profiler (SBP) Data Interpretation
/50/ DSA-SV-ST-0005 Global Standard - Side-scan sonar (SSS) Data Interpretation
/51/ 600225-PJ-003-12-0003 Kystverket U-864 Phase 3A Operational Survey Procedure
/52/ 600225-PJ-003-12-0004 Kystverket U-864 Phase 3A Geotechnical operations
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Table 1.3 Reports and Field Memos
No. Document No Title Rev. Date
Kystverket U-864 Phase 3A: M/V
11/ 600225-SSK0-015-13-0001 Skandi Skolten Mobilisation and 02 10.01.2013

Calibration Report

12/

Report on the search and
identification of U 864 (Admiral 02 21.02.2013
Consulting)

Report on the search and
identification of U 864

13/

Geotechnical Report U-864 2013

NGI 20120738-01-R Soil Survey

0 17.04.2013

14/

Investigation of mercury during a
NIVA 6499-2013 survey near submarine U-864 02.04.2013
outside Fedje in 2013

Completion Report Oil Recovery for

/5/ FRAMO 616917/3A the ship wreck of U-864 11.03.2013
Identification of Oil Leak, and .

16/ 600225-SSK0-015-0001 Position Verification of U864 02i 25.03.2013

Table 1.4 Changes since last revision

Rev. Issue . e . .

No. Date Purpose List of updated/modified sections if any
DOCUMENT NUMBER CHANGED FROM:

03 18.04.2013 Issue for Company Comments | 600225-SSK0O-015-0001 to 600225-DSNO-015-
0001.

2 SURVEY DESCRIPTION

2.1 SCOPE OF WORK

The following survey tasks were included in U-864 Phase 3A:

A multibeam echo sounder area survey of 2km by 2km. The MBE survey was intended
to identify any additional areas of wreckage outside the immediate wreck area.

A High Definition video survey was undertaken to the West and South West of the
wreckage to identify existing debris and ensure no further undetected wreck sections were
in the area. Additionally a detailed inspection of the major wreck sections and larger debris
was undertaken to identify features unique to the missing centre section of the U864 and to
establish what, if any, deterioration had taken place in the wreck’s condition since Phase 2.

Geotechnical survey. For the Geotechnical stage of the project, three different methods of
sampling took place:

1. ROV Sediment Sampling to identify extents of Hg pollution

2. Vibro coring and Gravity coring to find depth of Hg contamination in sediment

3. Seabed CPT to establish sediment layering and shear strength

Height, trim and list measurements. After consultation with the Vessel Representative it
was decided to use a comparison from the new and previous MBE data sets to assess any
movement of the wreck section. This was considered to be the most accurate method to
achieve the desired result.
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e A Sub Bottom Profile Survey of rotation pits. The objective for the SBP survey was to
identify any outcrops, large sub bottom rocks or other debris which could be a potential
hazard to a later dredging campaign

2.2 EQUIPMENT AND SUBCONTRACTORS

For the execution of the project MV Skandi Skolten with one work class Triton XLX ROV system
were used. For support of the project and to attend special function the following subcontractors
were used:
e Admiral Consulting — marine historical support and reporting of the wreck sections and
fragmented wreck parts
e Franzefoss — responsible for HSE tasks and treatment of Hg polluted sediments and
equipment onboard.
e GEO Engineering — responsible for geotechnical CPT unit “Gost”
e Marine Sampling Holland — responsible for geotechnical sampling with Vibro corer and
Gravity corer
¢ NGI - planning and management of geotechnical field tasks. Geotechnical laboratory work
and reporting of geotechnical results.
¢ NIVA — environmental related task inclusive analyses of sediment and water samples for
Hg content.

For a detail overview of the equipment used during this project see the mobilisation report ( ref./1/).
2.3 WORK PERFORMED

2.3.1 Mobilisation

The mobilisation of equipment and project personnel took place on the 3™ January 2013 at
Dokken, Bergen. It was conducted in a safe manner and the alongside stage was completed on
the 5™ January 2013 when the vessel sailed to perform offshore calibrations.

2.3.2 Calibrations

The calibration of the survey sensors was carried out in five separate stages:
The calibration of Vessel heading and motion sensors. This was conducted on 23™ July 2012
whilst alongside in Tananger, Stavanger as part of a previous project. The JAVAD motion and

heading calibration system was utilised and the results directly compared to the vessel POS-MV
system.

DGPS Confidence check. The GPS antenna positions were logged at the same time as total
station measurements on the quayside at Dokken, Bergen on the 3™ January 2013.

ROV heading and motion calibrations. This was carried out on the 4™ January 2013 alongside
Dokken, Bergen. The CDL Gyro was compared to the vessel sensor and measurements from a
digital protractor to establish C-O’s for heading, pitch and roll.

HiPap verification. This was conducted in Byfjorden on the 4th January 2013.

Multibeam and Doppler calibrations. These were conducted in Byfjorden on the 5th January 2013.

For more information of the calibration results see 600225-SSK0O-015-13-0001 Mobilisation and
Calibration Report in 8.1.
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Definition of Geographical Co-ordinate system (Work Site).

Spheroid Parameters

Datum

WGS84

Spheroid

WGS84

Semi-major axis

6 378 137.000 metres

Flattening (1/f)

1/298.2572235630

Projection Parameters

Projection

UTM — Grid Zone 32 North

Central Meridian

9° East

Latitude of Origin

0° (Equator)

False Easting

500 000 metres

False Northing

0 metres

Scale Factor on CM

0.9996

NB: Calibrations were conducted in WGS84, UTM zone 30 and 31.
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2.3.3 MBES grid survey
A 2000m x 2000m area centred on the wreck of the U-864 was surveyed using MBES, with line
spacing at 40 metre intervals covering the debris field and surrounding area.

The work was carried out between the 5™ and 8" of January 2013, line spacing and flying altitude
ensured 100% coverage of the survey area. Results of the survey are discussed in Paragraph 3.1.

U-864
\\\\
N i3
+
3‘311*%?:‘11’( LJ%%J%;%%&?;HXX g §%I:¥¥::]I§§ié§% )(é
= ? o o o J&L’l o ? o
Figure 2.1 2000m x 2000m line plan used for the MBES survey
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2.3.4 Establishment of clear zones with High Definition video survey

A visual survey was carried out to establish clear zones on the western side of each wreck section.
The ROV was flown at 2m altitude with 4m line spacing to optimise video and ensure 100%
coverage.

The survey was carried out on the 8" of January 2013. Results are discussed in Paragraph O.

Figure 2.2 Runlines with DTM
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2.3.5 High Definition video survey of wreck and debris

A detailed video survey was performed to assess any deterioration of the wreck and to attempt to
positively identify features unigque to the mid-section of the U-864. Additionally any lifting or
handling points for future recovery/ relocation were to be identified. The location of any historically
important features was also investigated during the survey (Paragraph 0).

Figure 2.3 Areas covered in close visual inspection
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2.3.6  Geotechnical Work

Geotechnical work included CPT, Vibro Core and Gravity Core sampling to establish slope
stability, sediment depth and composition. Additional samples were also taken in the surrounding
area to establish Hg pollution levels.

DOF Subsea utilised the services of NGI to perform the following tasks:

Planning and management of geotechnical services.
Geotechnical laboratory on/offshore.
Reporting of geotechnical results.

Geotechnical work was carried out between the 10™ and 13" of January 2012, results are compiled
separately in dedicated geotechnical reports but sample positions are included at paragraph 4.4.

2.3.7 SBP Survey

The Sub-Bottom Survey of the rotation pits consisted of 19 lines in total covering both the Bow and
Stern section rotation pits (Figure 2.4).

The objective for the sub bottom profile survey was to identify any outcrops, large sub bottom rocks
or other debris which could be a potential hazard to a later dredging campaign. One additional SBP
line was surveyed in the valley north of the bow section to provide sub seabed information to
support geotechnical assessment to be made prior to the sealing of the polluted area.

The survey commenced at 23:51 on the 11" January and was completed at 04:36 on the 12"
January 2013.
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Figure 2.4 Runlines used for the SBP survey

2.3.8  Status / deviation

The following section summarizes the tasks performed during the U-864 Phase 3A with
evaluations of deviation compared to the scope of work. With reference to Section 2.1 Scope of
Work the status for the separate tasks listed in Table 2.1.

Table 2.1 Status completed work

Task Status
A multibeam echo sounder area survey of 2km by 2km | Performed
High Definition video survey Performed

Geotechnical survey

Performed, number of samples were reduced to the
half after discussions beyond the involved parties
as this was sufficient enough to cover the task

Height, trim and list measurements

Performed, as a comparison of the MBE data from

2006 and 2013

Sub Bottom Profile Survey of rotation pits

Performed

The following sections of the report give a detailed description of the different tasks performed

during the survey.
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3 SUMMARY OF RESULTS

The following chapter summarises the operations completed by the MV Skandi Skolten over the
course of the U-864 Phase 3A Survey and Geotechnical Campaign.

The project benefited from the presence of the Kystverket Project Manager on board the Skandi
Skolten during the project. This ensured that any queries regarding aims, objectives or variations
could be addressed quickly and accurately ensuring that project objectives were completed in an

effective manner.

All systems on board the Skandi Skolten performed well during the survey and produced data of a

high standard.
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3.1 MBES GRID SURVEY

With the exception of vertical, or near vertical slopes the MBE survey produced 100% coverage of
the survey area around the wreck of the U-864. The resulting DTM (Figure 3.1) was inspected for
signs of additional wreckage. Particular attention was also paid to the historical sinking position
(see Figure 4.2) and the seabed below the debris found on the surface by HMS Venturer in 1945.
No sign of any additional wreckage or anomalous features were found during the survey.

Examples of the soundings (.xyz) data from the survey can be seen in Figure 3.2 and Figure 3.3.

in

W~

Figure 3.1 DTM of 2 x 2 km survey data around the U-864 (circled) North up
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Figure 3.2 Example of soundings data from Bow section

. 3 T

Figure 3.3 Example of soundings data from Stern section
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3.2 ESTABLISHMENT OF CLEAR ZONES WITH HIGH DEFINITION VIDEO
SURVEY

The survey was conducted over the area shown in Figure 3.4. A number of small new targets were
located although none were considered to be significant in terms of Hg contamination or
identification of the missing middle section. Targets previously identified during Phase 1 and 2
were found to be in the same locations and in a similar condition to that previously reported.

Further details along with images of identified objects are given in Paragraph 4.2.

Figure 3.4 Clear Zone established during High Definition video survey
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3.3 HIGH DEFINITION VIDEO SURVEY OF WRECK AND DEBRIS
The detailed survey of the wreck was undertaken in 6 stages (Figure 3.5):

The stern section
The bow section
Target 78

Target 66

Target 15

Target 8

oukrwNE

Figure 3.5 Video Survey targets near the stern section

3.3.1 The Stern Section

The stern section was found to be largely intact and in a similar condition to that seen in 2006.
Significant observations during the survey of the stern section were the discovery of an internal
bulkhead, the discovery of the loss of the extreme end of the stern and the exposed section of keel
(approx 2.5m) at the starboard rear end of the stern.

The interior bulkhead was significant in that it allowed the project team to revise the estimated
point at which the U boat had been damaged by the torpedo impact (Figure 3.6). The bulkhead
was positively identified using an interior water tight hatch as a unique feature (Figure 3.7).
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Figure 3.6 2006 Estimate of extent of wreckage (red) and revised extent (blue). Identifying

hatch circled
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261562.59 E HDG  309.62 w
6745064 .93 N Depth 146.96

KYSTVERKET ! Kystverket U-B64 Phase 3A - STERN SECTION - Break Point SUbsea

Figure 3.7 Interior Watertlght hatch, posmvely identifying the bulkhead

The loss of the extreme stern of the U864 demonstrates the continued deterioration of the wreck
(Figure 3.8-Figure 3.12). It should be noted that the dislodged piece does not form part of the
vessel's pressure hull but is instead part of the outer streamlined exterior.

Approximate line of separation

Langsadnill

4t O[O

1
C_J:IZE'*"-"_)04

Figure 3.8 Stern section schematic showing detached area
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6745099.51 W Depth 144.72
KYSTVERKET Eystverket U-B864 Phase 3A - Video Stern Section
Figure 3.9 Detached end section from Aft of stern on seabed
Figure 3.10 Detached end section from Aft of stern on seabed
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Figure 3.11 Aft of Stern section with extreme end detached

Figure 3.12 Aft of Stern section with extreme end detached
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The keel was exposed for approximately 2.5m in length and up to 0.4m in height at the starboard
rear end of the Stern Section (Figure 3.13 and Figure 3.14). This has not been reported in Phase 1
or 2. In Phase 2 of the project there was discussions of doing the dredging on starboard side of
Stern Section, but because of the amount of debris and the heavy polluted sediments the decision
were made for dredging on the port side.

08/01/2013 261546.73 E HDG 51.99
20:04:29 6745079.01 N Depth 143.62

KYSTVERKET Kystverket U-864 Phase 3A - STERN SECTION - Mud Line

Figure 3.13

08/f01/2013 261546.34 E
20:05:17 6745077.24 N Depth 142.29

KYSTVERKET Kystverket U-864 Phase 3A - STERN SECTION - Mud Line Subsea

Figure 3.14 The exposed keel (approx. 2.0m) at starboard rear end of the Stern Section
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3.3.2 The Bow Section

During the survey of the bow section a number of external storage containers which may contain
historically valuable documents were identified. These are located under the vessel's removable
decking and will require a detailed plan to be made if recovery is to be attempted.

The break point on the bow was reassessed during the survey and found to be similar to the 2006
estimate (Figure 3.15).
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Figure 3.15 Approximate break point of the bow wreckage (red)

The most significant feature of the bow section is the 105mm deck gun. As can be seen in Figure
3.16 this is in excellent condition and is unchanged since the 2006 survey.
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08/01/2013 261564.25 E HDG  21.58 m‘
22:37:56 6745151.56 N Depth 153.25

KYSTVERKET Kystverket U-864 Phase 3A - BOW SECTION - SUbsea

Figure 3.16 Image of 105mm Gun on Bow section

3.3.3 Target 78

Target 78 was believed to be part of the U864's external conning tower. During the investigation of
this target a piece of wreckage was positively identified as the U Boat's snorkel. This was
significant as the snorkel was mounted amidships and in close proximity to the conning tower. The
snorkel have been separated from target 78 and given a separate target number 3A 034 (see
Table 4.2).

The snorkel is of historical interest as it appears to be coated in a radar absorbent material
“Tarnmatte”.
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09/01/2013 261560.81 E HDG 142.96 w
00:47:55 6745052.00 N Depth 140.36
KYSTVERKET

Kystverket U-864 Phase 3A - Target 78

Subsea

Figure 3.17 Snorkel Head
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Figure 3.18 Close up of snorkel head
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Figure 3.19 Image of snorkel head from WWiII
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3.3.4 Target 66

Target 66 was believed to be part of the conning tower of U-864. On closer inspection it was found
to comprise the entire pressure (water tight) section of the conning tower (Figure 3.20).
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Figure 3.20 Conning tower and control room schematic. Target 66 Highlighted red

A number of unique identifying features allow a very high level of confidence in the identification of
Target 66, although only the two main features will be listed here further details are given in
paragraph 4.3.

Target 66 was found to be laying on its side, with the upper part of the structure pointing to the
East. The features of the upper conning tower were clearly visible on this part of the wreckage.

It was noted that a piece of “cone shaped” steel had become partially detached from the main part
of target 66 (Figure 3.21). The place where this structure was attached corresponds to the port
forward area of the conning tower. Through examining a number of contemporary and modern
photographs the “cone” was identified by the project team as the mounting pedestal for the
“Underwasserzieloptic” (UZO). This device was used to gather data for torpedo attacks when the U
boat was surfaced and is unique to the conning tower. As this item was detached from the wreck a
decision was made to recover it to the surface for evaluation by experts on shore. The UZO
pedestal was recovered on 12" January 2013.
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KYSTVERKET Kystverket U-864 Phase 3A - Target 66
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PAYLOAD 29740 KG
MGIV 37300KG

Figure 3.22 Image of UZO pedestal on deck of Skandi Skolten with example of WWII UZO
(inlaid). 0.1m graduations on measuring stick
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Near the detached UZO was identified the very distinctive structure which supported and guided
the two periscopes as they were raised and lowered. This structure is again unigue to the conning
tower (Figure 3.23 & Figure 3.24).

08/01/2013 261543.52 E HDG  327.85 m
23:20:55 6745071.32 N Depth 140.74

KYSTVERKET Kystverket U-864 Phase 3A - Target 66

Figure 3.23 Periscope support structure on Target 66
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Figure 3.24 U boat schematic showing periscope support structure (highlighted)
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3.3.5 Target 15

Target 15 was identified as a piece of saddle tank from the wreck (Figure 3.25). As the saddle tank
is present along the length of the two main wreck sections this could only have come from the
central area destroyed by the torpedo explosion. The structure of the frame is also consistent with
the construction used in the saddle tank in the area of the control room (Figure 3.26).

09/01/2013 261530.81 E HDG 55.21 w
00:15:07 6745078.60 N . . Depth 139.26

KYSTVERKET Kystverket U-864 Phase 3A - Target 15 SUbsea

Figure 3.25 Target 15, section of saddle tank
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Figure 3.26 Cross section of U boat schematic showing saddle tanks in the area of the control
room (Saddle tank highlighted)
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3.3.6 Target8

Target 8 was located next to the starboard side of the stern wreck section and was believed to
comprise the upper works of the conning tower and “Wintergarten” anti-aircraft gun platforms.

The most significant find in target 8 was the location of the attack periscope protruding from under
the plating (Figure 3.27). This periscope was the forward of the two periscopes on board the U864,
both of which were in the control room of the vessel.

09/01/2013 261541.28 'R HDG  119.52 w
00:22:54 6745079.46 N Depth 140.14

KYSTVERKET Kystverket U-864 Phase 3A - Target 8 SUbsea

=

Figure 3.27 U-864 Attack Periscope
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3.4 GEOTECHNICAL SAMPLING

The geotechnical operation was complicated by the necessary contamination testing and PPE
requirements when recovering samples to deck.

Significant findings during the geotechnical sampling included the discovery of substantial visible
mercury contamination in one of the core samples (Figure 3.28).

Sample 2013-406 and 407 were found to contain visible traces of mercury. The position of these
samples close to the damaged area on the bow section of U-864 may indicate leaking canisters or
may simply be residue from canisters damaged in the sinking.

The lack of surface mercury contamination from core samples taken near the stern of the wreck
was probably because this area was dredged in previous project phases.

Figure 3.28 Visible Mercury contamination in sample 2013-406 (ringed)

NIVA performed mercury content analyses of the sediments from the 35 soil samples and from 7
vibrocores. The content of mercury was classified based on the classification system shown in the
Table 4.4 below.
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Table 3.1 Classification system for concentration of mercury in marine sediments (ref
14])
Class Il
Moderately polluted
Mercury (mg/kg) dry <0.15 0.15-0.63 0.63-0.86 0.86-1.6 | >1.6

weight

16 of the 35 soil samples were taken at same locations as samples from 2006, and some of these
showed an increase in mercury content. Especially the sample taken at target/ station 146 north of
the wreck show a substantial increase in mercury content, from class Il in 2006 to class V in 2013.

The results from all of the analyses done for previous years (2003, 2005, 2006 and 2013) are
presented in the Figure 3.29 below, from NIVA report (ref /4/). This figure (Figure 3.29) illustrate
that all samples classified as moderately polluted (Class I11), bad (Class Illl) or very bad (Class V)
are all located in the near vicinity of the wreck and west or north of the wreck. Samples taken east
or south of the wreck is classified as good (Class Il) or background (Class 1).

Hg Classification (ma/kg dw)
* <(.15

0.15-0.629

0.63-0.86

0.86-1.59

>16

* @ < 9

Sample year
2013

2006

2005 October
2005 April
2003

N BN N

Figure 3.29 From NIVA report (ref /4/); Mercury content results for all years

The positions of the samples with highest mercury contamination agree with the direction of the
water current (north western direction).

Result from the NGI report indicate a homogenous soil condition in the area, same was reported in
2006 (ref /3/).

The vertical thickness of the geotechnical soil unit | varied from 0.0/0.1m to 1.5m, and soil unit Il
from 0 to >6.1m. The soil Unit Ill from the 2006 campaign were not encountered in 2006.
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3.5 HEIGHT, TRIM AND LIST MEASUREMENTS

A comparison of MBE data collected during the previous survey in 2006 and that collected during
Phase 3A was conducted in order to identify any movement of the stern section of the wreck.
Profiles were compared every 2m along the length of the stern section. An example of the
compared profiles are shown below ( Figure 3.30, Figure 3.31 and Figure 3.32) and all compared
profiles are shown in Paragraph 4.5.

From the evidence available it is believed that any movement of the stern section is negligible. It
should be noted that there is an apparent movement between the two available data sets but this is
due to a small piece of wreckage becoming dislodged from the very stern of the wreck. See
Paragraph 0 for more details.

Figure 3.30 Comparison of 2006 (red) and 2013 (green). Shaded area in top image shows cross
section location
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Figure 3.31 Comparison of 2006 (red) and 2013 (green). Shaded area in top image shows cross
section location
Figure 3.3 Comparison of 2006 (red) and 2013 (green). Shaded area in top image shows cross

section location
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3.6 SBP SURVEY

The Sub-Bottom stage of the project commenced at 23:51 on the 11™ January and was completed
at 04:36 on the 12" January 2013.

The data acquired was good throughout the survey, however due to the seabed characteristics the
penetration achieved was limited. This limited penetration was caused by the presence of a
surficial layer of sand throughout the survey area, as well as irregular occurrence of sand/ gravel
layers in the underlying CLAY unit.

The Sub-Bottom Survey of the rotation pits consisted of 19 lines in total covering both the Bow and
Stern section rotation pits.

The objective for the sub bottom profile survey was to identify any bedrock outcrops, large
underlying rocks or other debris which could be a potential hazard to a later dredging campaign.

To summarise, there were no bedrock outcrops or large rocks identified within the location of the
rotation pits.

3.7 OIL RECOVERY
The Oil Recovery stage of the project was performed from the 11" March 2013.

The main objective was to recover any oil residue from the tanks of the U-864. This specific
operation was performed by FRAMO.

The conditions of the weld seems for the outer shell of the fuel tanks were found in a poor
condition. Due to the poor state of condition, the focus changed during operation from oil recovery
to verification survey for most of the fuel tanks. If there were any uncertainty, oil recovery of a tank
was commenced. Oil recovery was done for 3 of the 16 tanks on the U-864, and only minor
guantities of oil was recovered from those 3 tanks.

3.8 VORO02- AIR POCKETS

Initial scope of work for Phase 3A included evacuating possible air pockets inside the U-864 wreck,
however this was put on hold until the Oil Recovery task was completed. The VORO02 of evacuating
possible air pockets from the U-864 wreck was commenced the 17" March 2013.

Main task was to evacuate possible air pocket inside the aft wreck section, to resolve the issue
with unknown wreck stability.

A cut was performed in the aft section pressure hull, air evacuation continued for approximately
6hrs. We assume that aft water tight sections have been completely flooded.

3.9 VORO03- OIL LEAK AND POSITION OF U-864

A few days after completion of the VORO02 (Section 3.8 above), DSNO was asked to perform an
investigation of oil leakage from U-864 (VORO03). This work was commenced the 21th March 2013.

Oil was found to leak from the aft section at the cut done during the air pocket evacuation
operation. Oil was spotted coming out of cracks around the stern section, however this is most
likely oil trapped inside or under fuel tank plates. The level of oil leak was measured to be
approximately 0.3L/hr, no oil was visible on sea surface upon arrival in calm sea with no wind. By
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close inspection of the stern section it appears little or none movement of the wreck since the last
“As-left” survey (17" March 2013).

A close visual inspection was performed of the front section, and no sign of movement or oil leaks
was indentified.

4 DETAILED RESULTS

4.1 MBES GRID SURVEY

With the exception of vertical, or near vertical slopes the MBE survey produced 100% coverage of
the survey area around the wreck of the U-864. The survey area was a 2000m x 2000m grid
centred around the wreck site. The resulting DTM (Figure 4.3) was inspected for signs of additional
wreckage. Particular attention was also paid to the historical sinking position and the seabed below
the debris found on the surface by HMS Venturer in 1945.

The historical sinking positions given in HMS Venturer’s log (see Figure 4.2) were converted from
the original Bessel NGO (New Norwegian) spheroid into the project WGS84 and plotted on the
DTM (Table 4.1). These were then examined in detail for signs of additional wreckage. Large scale
plots of these areas are shown in Figure 4.4 and Figure 4.5. A brief explanation on chart datum’s
can be found in Appendix B .

Table 4.1 Transformation parameters from New Norwegian to WGS84 (Courtesy of UKHO)
Datums] Name Method | Ellipsoid X Y Z rX ry rZ scale
NORWEGIAN "Norwegian BESSEL
(NEW) (New)" BURSA NGO 2783 | 93 | 4745 | 7.889 | 0.05 -6.61 6.21

No sign of any additional wreckage was found at either of these locations.

From the plotted positions, the range and bearing from the strike position to the debris sighting was
845m at a Grid bearing of 333°. The surface current experienced by HMS Venturer at the time of
the attack was 1.7kts at 330° (Figure 4.1) and the debris was sighted approximately 30 minutes
after the attack. This is consistent with the debris moving with the current from the point of impact
to its observed position.

Position at Latitude Longitude |Depending on;  Current Experienced !
TOTALS = —
- MipricrY \t I 1 I [ ¢ ' k. ]
ol { 131-2] A-8 |30-0 12 16| 9500 €o° %3.24 04”33 E [ R,
i MIDHIGHT e M £ _
f 2 w : S i [N b A5
1200 bo hoewn| ok 3wlE| Fix NS B
A 1}* = —— -
] . *
_ 2000 o 33m |06 3E F X i
£ N 1 1 1 1

Figure 4.1 Excerpt from HMS Venturer’'s log showing current reading
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Figure 4.2 Image of chart from HMS Venturer’s log with positions taken from chart
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.| Debris sighting
| (surface observation by HMS
Venturer, 30min after attack)

Estimated strike position

(from HMS Venturer's log)
— U-864 wreck site

Figure 4.3 Complete DTM from the 2013 survey, positions from HMS Venturer's log ringed
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Figure 4.4 Historical sinking position taken from HMS Venturer Log circled (25m radius).
Actual wreck location can be seen to the SE

Figure 4.5 Oil slick and floating debris position taken from HMS Venturer Log circled (25m
radius)
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4.2 ESTABLISHMENT OF CLEAR ZONES WITH HIGH DEFINITION VIDEO
SURVEY

During the Phase 3A survey 68 targets / objects of metal debris were observed in clear zones on
the western side of the wreck sections (see Figure 2.2). Of these there were 32 new targets /
objects of metal debris and 36 targets have been reported before. The targets reported earlier
(2005) have kept the original ID number for making the comparison easier, but they all have got
new dimensions measured from the 3D model / visual. Some of the debris are situated in clusters
and are referred as one target / object. Target 78 have been divided into two targets / objects,
where the snorkel (see Figure 3.20 and Figure 3.17) is separated out and got a new target ID 3A
034. Table 4.2 summarizes the targets / objects observed.

Table 4.2 Target / object listing
Easting Northing ID Le(z?)th H((ar'r?)ht V\?rg;h Video observation
261562.08 | 6745158.12 01 1.2 0.2 0.2 Section of Pipe
261543.10 | 6745077.00 06 1.8 0.9 1.4 Metal debris
261534.00 | 6745088.00 07 3.0 0.7 0.8 Large debris
261543.70 | 6745080.00 | 08 9.0 1.8 5.9 Iggoofwmter garden and Conning Tower,
261550.15 | 6745074.30 10 4.1 0.4 0.6 Large Metal Canister Next to the Keel
261533.60 | 6745079.00 | 15 6.0 3.9 5.3 'C‘%?: tgfgrrr'fe‘é"g?r:‘?:&p'pe’ part of outer Hull
261550.20 | 6745071.00 23 4.3 0.4 1.7 Large Bended Pipe
261566.60 | 6745168.58 35 1.0 0.2 0.1 Metal Piping
261524.80 | 6745104.00 54 3.8 0.5 0.4 Large Metal Canister
261531.73 | 6745102.17 56 1.4 0.5 1.1 Large Metal Sheet Debris
261534.23 | 6745097.18 57 1.2 0.6 0.4 Metal Sheet Debris
261530.90 | 6745093.00 61 2.8 0.3 1.0 Metal Structure
261538.20 | 6745071.00 | 66 6.2 3.8 41 é‘:‘)ﬁ?ﬁﬁé’"{fﬁg?' metal debris, part of the inner
261553.60 | 6745068.00 69 2.4 1.2 1.6 Large Metal Structure close to the Keel
261554.47 | 6745066.01 71 50 18 0.6 _II__g;geerAccumulatlon of Debris Part of Conning
261558.03 | 6745048.58 78 7.0 1.6 5.0 Part of Conning tower
261551.20 | 6745097.00 81 1.1 0.3 0.6 Metal debris with Ring Attached
261569.65 | 6745168.19 A20 1.5 0.1 0.1 Metal Piping
261559.09 | 6745156.56 A30 3.0 0.1 0.1 Thin Metal pipe
261554.12 | 6745149.41 A3l 1.0 0.1 0.1 Metal Rod
261529.33 | 6745107.26 A34 1.1 0.3 0.7 Metal Tubing, Metal sheet
261531.85 | 6745122.60 A37 1.6 0.7 0.3 Metal Sheet Debris
261520.31 | 6745115.41 A39 1.6 0.3 0.3 Metal Debris
261532.28 | 6745100.56 A70 1.5 0.2 1.0 Metal Debris
261535.11 | 6745095.28 A71 1.2 0.3 0.3 Metal Sheeting
261540.42 | 6745090.01 A72 1.0 0.2 0.2 Various Metal Piping
261562.23 | 6745055.33 A78 15 0.3 0.6 Metal Debris, Crushed Pipe
261565.80 | 6745061.00 A81 1.5 0.1 0.1 Metal Pipe
261532.70 | 6745092.00 A84 3.0 0.2 0.2 Several Pipes and Debris
261536.57 | 6745086.20 A85 3.9 0.3 0.4 Large pipe
261525.90 | 6745092.00 A92 0.4 0.1 0.1 Small piece of pipe
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Easting Northing ID Lemeiin | REE | e Video observation
(m) (m) (m)
261524.52 | 6745085.35 A93 0.3 0.1 0.3 Metal Debris
261521.64 | 6745090.53 A97 0.5 0.2 0.2 Small Tube Section
261497.96 | 6745089.66 Al101 0.3 0.1 0.2 Metal Debris, Pipe Section
261509.00 | 6745082.00 | A102 1.8 0.4 0.4 Large Metal Cylinder
261510.00 | 6745062.00 A103 4.0 0.2 1.8 Metal Sheet, Part of hull casing section
261515.59 | 6745077.56 | 3A 002 1.2 0.6 0.2 Metal Debris
261544.18 | 6745058.60 | 3A 006 3.3 1.2 1.7 Piece of conning tower
261540.73 | 6745067.03 | 3A 008 2.6 0.6 0.7 Metal tubing
261496.12 | 6745104.25 | 3A 013 1.0 0.1 0.1 Metal Rod
261521.92 | 6745088.46 | 3A 015 0.5 0.2 0.2 Metal Debris
261524.63 | 6745088.11 | 3A 016 15 0.1 0.2 Metal Rod
261527.90 | 6745087.00 | 3A 018 0.4 0.1 0.4 Metal Plate
261540.42 | 6745050.09 | 3A 022 0.6 0.2 0.2 Possible canister
261482.81 | 6745098.59 | 3A 024 0.3 0.1 0.1 Metal Pipe/Canister
261516.09 | 6745080.95 | 3A 027 0.3 0.3 0.3 Metal Debris
261546.44 | 6745060.13 | 3A 029 15 0.2 0.2 Metal Pipe
261562.52 | 6745050.18 | 3A 034 6.0 0.9 0.8 Snorkel located on conning tower
261549.25 | 6745065.26 | 3A 037 2.0 0.3 0.3 Metal Ring
261508.62 | 6745110.12 | 3A 040 1.0 0.1 0.3 Metal Sheeting
261526.00 | 6745103.27 | 3A 042 2.0 0.1 0.1 Metal Piping
261528.23 | 6745102.75 | 3A 043 1.0 0.1 0.3 Large Metal Sheeting
261542.60 | 6745098.16 | 3A 045 3.0 1.2 2.0 Large Metal debris
261541.59 | 6745098.20 | 3A 046 3.0 0.2 3.0 Steel fragmented debris with canister
261563.79 | 6745159.71 | 3A 054 1.6 0.6 0.4 Metal Debris
261565.11 | 6745160.28 | 3A 056 2.0 0.1 0.1 Flexible hose within forward section
261564.77 | 6745165.58 | 3A 059 0.5 0.1 0.1 Metal Rod
261559.57 | 6745162.31 | 3A 060 0.2 0.1 0.1 Metal Rod
261557.39 | 6745153.99 | 3A 062 0.4 0.1 0.1 Metal Rod
261537.46 | 6745113.88 | 3A 064 1.0 0.1 0.3 Metal Structure
261536.86 | 6745112.96 | 3A 065 0.5 0.1 0.2 Metal Debris
261540.38 | 6745109.40 | 3A 066 1.9 0.3 0.4 Metal Debris
261533.51 | 6745108.36 | 3A 067 1.0 0.1 0.4 Various Metal Debris
261522.16 | 6745111.30 | 3A 074 2.4 0.2 0.1 Metal Debris
261526.04 | 6745120.58 | 3A 075 15 0.4 0.4 Metal Debris
261525.81 | 6745122.65 | 3A 076 0.5 0.4 0.4 Metal Cone
261528.88 | 6745131.55 | 3A 078 1.0 0.2 0.4 Metal Debris
261539.34 | 6745084.11 | 3A 084 7.4 0.3 15 Bended pipe
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4.3 HIGH DEFINITION VIDEO SURVEY OF WRECK AREA AND DEBRIS
The detailed survey of the wreck was undertaken in 6 stages (Figure 4.6):

The stern section
The bow section
Target 78

Target 66

Target 15

Target 8

oukrwNE

Figure 4.6 Video Survey targets near the stern section

4.3.1 Stern Section

The stern section was found to be largely intact and in a similar condition to that seen in 2006.

As was seen in 2006 the stern Dive planes were set to dive and the rudders were dead ahead,
indicating the U-864 was diving and taking evasive action immediately before the impact of the
torpedo.

43.2 The Bow Section

The bow section was found to be largely intact and in a similar condition to that seen in 2006.

In addition to the findings discussed in Paragraph 0 above an attempt was made to establish the
condition of U864’s four bow torpedo tubes. Some Type IX boats assigned to transport duties are
known to have had the outer hatch of their torpedo tubes welded shut in order to utilise the tubes
for storage. This would have an impact on the amount of torpedoes being carried by U864.
Unfortunately the inspection proved inconclusive.
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The bow dive planes were found to be in the “dive” position (Figure 4.7), again indicating the U-846
may have been attempting evasive action at the point of impact.

08/01/2013 261558.54 E HDG 333.52
21:50:33 6745127.2%9 N Depth 149.32

KYSTVERKET Kystverket U-864 Phase 3A - BOW SECTION - Mud Line

Figure 4.7 Bow dive plane in dive position

4.3.3 Target 78

Target 78 was believed to be part of the U864’s external conning tower. Apart from the snorkel
discussed in Paragraph 0 the remainder of the wreckage has suffered extensive damage. From a
number of features of the structure the project team have a high level of confidence that this is the
forward outer skin of the conning tower, however non are unique or recognisable enough to be
conclusive .

4.3.4 Target 66

Target 66 was believed to be part of the conning tower of U-864, on closer inspection it was found
to comprise the entire pressure (water tight) section of the conning tower (Figure 4.8).

A number of unique identifying features in addition to those discussed in Paragraph O allow a very
high level of confidence in the identification of Target 66.
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Figure 4.8 Conning tower and control room schematic. Target 66 Highlighted red

Target 66 was found to be laying on its side, with the upper part of the structure pointing to the
East. The features of the upper conning tower were clearly visible on this part of the wreckage.

In close proximity to the previously discussed UZO was a small hatch which provided access to the
interior of the tower from the observation area. On the lower part of target 66 was a corresponding
hatch which provided access from the tower to the control room as seen in Figure 4.9.
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Figure 4.9 U Boat Schematic showing Conning Tower Access Hatches (highlighted)

08/01/2013 261540.61 E HDG 269.44
23:11:08 6745074.73 N Depth 141.62

KYSTVERKET Kystverket U-864 Phase JA - Target 66

Figure 4.10 Upper Conning Tower hatch
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Figure 4.11 Lower Conning Tower hatch
The final identifying feature on Target 66 was a severely damaged periscope. The periscope has
been bent at 90° and may indicate that the conning tower parted from the hull and rolled to port.

This is consistent with the impact of a torpedo on the starboard side. The periscope is sheared off
shortly after the 90° bend (Figure 4.12).
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Figure 4.12 Damaged observation periscope
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4.3.5 Target 15

As previously discussed in paragraph O target 15 was identified as a piece of saddle tank from the
wreck. Other than the features already mentioned no further significant findings were made.

4.3.6 Target8

As previously discussed in paragraph 0O target 8 was located next to the starboard side of the stern
wreck section and was believed to comprise the upper works of the conning tower and
“Wintergarten” anti-aircraft gun platforms.

The wreckage has suffered extensive damage. From a number of features of the structure the
project team have a high level of confidence that this is the upper Wintergarten platform. Among
these are railings, a multi barrelled anti-aircraft weapon and other minor features, however non are
unique or recognisable enough to be conclusive.

4.4 GEOTECHNICAL SAMPLING

Geotechnical operations were conducted between the 10th and 12 January 2013. A total of 7
Vibrocore locations, 2 Gravity core locations and 8 CPT locations were sampled. An additional 35
sediment samples were taken using an ROV mounted system for Hg pollution level monitoring.

Sample locations are shown in Figure 4.13 due to operational circumstances not all the locations
could be completed. The exact timings and positions can be seen in (Table 4.6, Table 4.7, Table
4.8, Table 4.9).
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Figure 4.13 Geotechnical Sampling Locations (Not all completed)

4.4.1 Soil condition (NGI)

Result from the NGI report indicate a homogenous soil condition in the area, same was reported in
2006 (.ref /3/)

The geotechnical soil units 2006 and 2013 are shown in the Table 4.3 below.

Table 4.3 Geotechnical Soil Units iref /3ii

| SAND, gravelly, loose Sandy, clayey SILT or clayey, silty
SAND

Il CLAY, soft, silty, sandy Soft to medium CLAY

11 SAND/GRAVEL, dense covering rock | Not encountered 2013

The vertical thickness of the geotechnical soil unit | varied from 0.0/ 0.15m to >1.7m, and soil unit Il
from 0/ >1.45m to >6.0m. The soil Unit 11l from the 2006 campaign were not encountered in 2013.

For further details regarding the results from the borehole logs, please see NGI report (ref /3/).
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4.4.2 Mercury content analyses (NIVA)

NIVA performed mercury content analyses of the sediments from the 35 soil samples in Table 4.9
and from the 7 vibrocores in Table 4.6. The content of mercury was classified based on the
classification system shown in the Table 4.4 below.

Table 4.4 Classification system for concentration of mercury in marine sediments (ref
141)
Class lll
Moderately polluted
Mercury (mg/kg) dry <0.15 0.15-0.63 0.63-0.86 0.86-1.6 | >16

weight

The results from the 2013 mercury content analyses of the soil samples are shown in Figure 4.14
below, from NIVA report (ref /4/).

Hg Classification (ma/kg dw)|

® <0.15
® 0.15-0.629
o 0.63-0.86
@ 0.B6-1.59
e >16

Figure 4.14 From NIVA report (ref /4/); mercury content in surface sediment (0-2cm)
2013

16 of the 35 soil samples were taken at same locations as samples from 2006, and 5 of these
showed an increase in mercury content of more than 0,2 Hg (mg/kg). These five are listed in the
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Table 4.5 below and are all located west or north from the wreck. The positions of the samples with

highest increase of mercury contamination agree with the direction of the water current (north
western direction).

Especially the sample taken at target/ station 146 north of the wreck show a substantial increase
in mercury content, from class Il in 2006 to class V in 2013.
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Table 4.5 Increase of mercury content (2013-2006) of more than 0,2Hg (mg/kg)
Hg Hg
Station (mg/kQg) (mg/kQg) Difference 2013-2006
2013 2006
38 0,34
87 0,26
88 0,54
146 1,42
Sed-8 0,23

The other 11 samples at locations also taken in 2006, show more or less same value in 2013 (see
NIVA report ref /4/ for full details).

The results from all of the analyses done for previous years (2003, 2005, 2006 and 2013) are
presented in the Figure 4.15 below, from NIVA report (ref /4/).

Hg Classification (ma/kg dw)
* <(.15

e (.15-0.629

o 0.63-0.86

@ 0.86-1.59
e >16

Sample year
2013

2006

2005 October
2005 April
2003

N BN N

Figure 4.15 From NIVA report (ref /4/); Mercury content results for all years

The compilation of all the mercury analyses in the figure above (Figure 4.15) show that all samples
classified as moderately polluted (Class Ill), bad (Class Illl) or very bad (Class V) are all located in
the near vicinity of the wreck and west or north of the wreck. Samples taken east or south of the
wreck is classified as good (Class II) or background (Class I).

The results from the vibrocores taken near the wreck all show a general high surface concentration
of mercury (Figure 4.16), with decreasing contamination with sediment depth (ref /4/).
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Figure 4.16 Mercury analyses in vibrocores close to wreck

As seen from Figure 4.16 the mercury surface content in sample 2013-403 and 404 are low. This is
most likely due to the dredging of surface sediments in this area in 2006. Sample 2013-402 is a
few meters away from the dredged area.

Sample 2013-406 and 407 was found to contain visible traces of mercury, see Figure 4.17. The
position of these samples close to the damaged area on the bow section of U-864 may indicate
leaking canisters or may simply be residue from canisters damaged in the sinking. Sections of
these cores with liquid mercury were not analysed (ref /4/).

Mercury was observed down to the end of sample 2013-405 and 406, however NIVA suggest this
might be a result of contamination during cutting of the cores based on the lack of mercury in the
middle of sample 2013-405 (ref /4/).
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Figure 4.17 Visible Mercury contamination in sample 2013-406 (ringed)
Table 4.6 Vibro core positions and timings
Target From target position Actual position
) Easting Northing Easting Northing
Date Time Sample name
11.01.13 16:55 2013-401 | 261548.00 | 6745100.00 261546.51 6745102.08 2013-401VC
10.01.13 03:24 2013-402 | 261554.00 | 6745093.00 261553.14 6745093.83 2013-402VC
10.01.13 01:58 2013-403 | 261560.00 | 6745086.00 261559.10 6745086.00 2013-403VC
09.01.13 23:00 2013-404 | 261566.00 | 6745078.00 261563.48 6745076.48 2013-404VC
11.01.13 08:18 2013-405 | 261578.00 | 6745155.00 261576.93 6745152.58 2013-405VC
11.01.13 14:57 2013-406 | 261572.00 | 6745145.00 261571.56 6745147.93 2013-406VC
11.01.13 15:40 2013-407 | 261566.00 | 6745135.00 261564.61 6745135.31 2013-407VC (VC tilted)
11.01.13 15:52 2013-407 | 261566.00 | 6745135.00 261565.60 6745135.49 2013-407VC 2nd attempt
11.01.13 16:37 2013-408 | 261560.00 | 6745126.00 Work Aborted 2013-408VC
Table 4.7 Gravity core positions and timings
Target From target position Actual position
) Easting Northing Easting Northing
Date Time Sample name
12.01.13 10:36 | 2013-509 | 261 628.00 | 6745 203.00 261626.53 | 6745205.03 2013-509GC
12.01.13 11:40 | 2013-512 [ 261652.00 | 6745 192.00 261649.71 | 6745194.58 2013-512GC
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Table 4.8 CPT positions and timings
Target From target position Actual position
Easting Northing Easting Northing

Date Time Sample name
11.01.13 01:23 2013-503 | 261555.00 | 6745200.00 | 261554.78 | 6745 200.31 2013-503 CPT
11.01.13 01:39 N/a 2m offset from 2013-503 261554.35 | 6745202.13 2013-503A CPT
11.01.13 03:06 2013-504 | 261602.00 | 6745191.00 | 261603.29 | 6745 191.66 2013-504 CPT
10.01.13 23:41 2013-505 | 261597.00 | 6745220.00 | 261597.92 | 6745221.73 2013-505 CPT
11.01.13 00:29 2013-506 | 261569.00 | 6745230.00 | 261569.51 | 6745 230.03 2013-506 CPT
10.01.13 22:35 2013-509 | 261628.00 | 6745203.00 | 261627.89 | 6745201.78 2013-509 CPT
11.01.13 02:12 2013-510 | 261581.00 | 6745198.00 | 261580.91 | 6745197.97 2013-510 CPT
11.01.13 04:20 2013-511 | 261581.00 | 6745180.00 | 261580.45 | 6745 183.54 2013-511 CPT
10.01.13 17:08 2013-512 261 652 6745192.00 | 261652,01 | 6745192,32 2013-512 CPT

Table 4.9 Soil sample positions and timings
Target From target position Actual position
Easting Northing Easting Northing
Date Time Sample name
Previous locations
12.01.13 17:11 2013-28 261415.00 [ 6745227.00 | 261428.33 [ 6745 231.78 2013-28SS
12.01.13 18:13 2013-30 261394.00 | 6745187.00 | 261 365.63 | 6745 184.36 2013-30B SS
12.01.13 15:13 2013-31 261383.00 | 6745144.00 | 261381.89 | 6745 145.27 2013-31SS
12.01.13 21:33 2013-32 261557.00 | 6745317.00 | 261556.78 | 6745 314.15 2013-32SS
12.01.13 20:55 2013-34 | 261492.00 | 6745268.00 | 261491.03 | 6745 267.02 2013-34SS
12.01.13 20:27 2013-35 261470.00 | 6745239.00 | 261469.58 | 6745 240.10 2013-355S
12.01.13 17:49 2013-36 261 447.00 | 6745211.00 | 261445.15 | 6745 213.36 2013-36SS
12.01.13 14:09 2013-38 261424.00 | 6745135.00 | 261423.02 | 6745135.14 2013-38SS
12.01.13 15:05 2013-83 261381.00 | 6745112.00 | 26138250 | 6745 112.05 2013-83SS
12.01.13 13:56 2013-87 261426.00 | 6745113.00 | 261427.90 | 6745 112.62 2013-87SS
12.01.13 14:21 2013-88 261468.00 | 6745108.00 | 261469.68 | 6745 106.53 2013-88SS
12.01.13 23:09 2013-142 | 261689.00 | 6745250.00 | 261 685.60 | 6745 249.60 2013-142SS
12.01.13 21.04 2013-146 | 261573.00 | 6745250.00 | 261574.37 | 6745 250.10 2013-146SS
120013 | 1643 | 20135€4 | 96141400 | 674527000 | 26141320 | 674527110 2013-Sed-08SS
12.01.13 22:57 2013-155 | 261624.00 | 6745133.00 | 261624.69 | 6745 133.00 2013-155SS
13.01.13 01:19 2013-204 | 261684.00 | 6745086.00 | 261683.23 | 6745 090.19 2013-204SS
13.01.13 02:03 2013-206 | 261648.00 | 6745035.00 | 261646.86 | 6745 035.22 2013-206SS
12.01.13 23:21 2013-210 | 261638.00 | 6745064.00 | 261640.27 | 6745 064.14 2013-210SS
13.01.13 01:10 2013-211 | 261615.00 | 6745056.00 | 261615.01 | 6745 056.95 2013-211SS
12.01.13 23:40 2013-213 | 261608.00 | 6745087.00 | 261 607.30 | 6745 083.54 2013-213SS
New locations

12.01.13 21:22 [ 2013-301 261 508.00 | 6745 241.00 261 507.28 | 6745 240.47 2013-301SS
12.01.13 20:48 | 2013-302 261 543.00 | 6745 276.00 261 543.37 | 6745 275.82 2013-302SS
12.01.13 22:41 | 2013-306 261 698.00 | 6745 275.00 261 697.75 | 6745 275.70 2013-306SS
12.01.13 20:39 | 2013-308 261 599.00 | 6745 315.00 261 597.23 | 6745 314.52 2013-308SS
12.01.13 21:13 | 2013-312 261 432.00 | 6745 307.00 261 432.48 | 6745 307.61 2013-312SS
12.01.13 17:23 | 2013-313 261 359.00 | 6745 280.00 261 359.15 | 6745 280.05 2013-313SS
12.01.13 15:30 | 2013-315 261 345.00 | 6745 184.00 261 344.78 | 6745 184.49 2013-315SS
12.01.13 15:21 | 2013-316 261 341.00 | 6745 135.00 261 340.78 | 6745 134.67 2013-316SS
12.01.13 14:34 | 2013-317 261 463.00 | 6745 149.00 261 465.60 | 6745 152.69 2013-317SS (no sample)
12.01.13 14:48 | 2013-317 261 463.00 | 6745 149.00 261 465.15 | 6745 152.83 2013-317SS 2nd attempt
12.01.13 17:34 | 2013-320 261 359.00 | 6745 233.00 261 357.17 | 6745 231.97 2013-320SS
12.01.13 22:50 | 2013-324 261 673.00 | 6745 112.00 261 671.83 | 6745 111.66 2013-324SS
13.01.13 01:01 [ 2013-331 261 600.00 | 6745 037.00 261 600.27 | 6745 036.66 2013-331 SS
13.01.13 00:50 [ 2013-332 261 621.00 | 6744 997.00 261 622.40 | 6744 998.66 2013-332 SS
13.01.13 01:53 | 2013-333 261 654.00 | 6744 984.00 261 653.78 | 6744 987.66 2013-333 SS
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4.5 HEIGHT, TRIM AND LIST MEASUREMENTS

A comparison of MBE data collected during the previous survey in 2006 and that collected during
Phase 3A was conducted in order to identify any movement of the stern section of the wreck.
Profiles were compared every 2m along the length of the stern section. An example of the
compared profiles are shown below.

From the evidence available it is believed that any movement of the stern section is negligible. It
should be noted that there is an apparent movement between the two available data sets but this is
due to a small piece of wreckage becoming dislodged from the very stern of the wreck. See
Paragraph O for more details.

Figure 4.18 Comparison of 2006 (red) and 2013 (green). Shaded area in top image shows cross
section location
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Figure 4.19 Comparison of 2006 (red) and 2013 (green). Shaded area in top image shows cross
section location
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Figure 4.20 Comparison of 2006 (red) and 2013 (green). Shaded area in top image shows cross
section location
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Flgure 4. 21 Comparlson of 2006 (red) and 2013 (green). Shaded areain top image shows cross
section location
Figure 4.22 Comparison of 2006 (red) and 2013 (green). Shaded area in top image shows cross

section location
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Figure 4.23 Comparison of 2006 (red) and 2013 (green) Shaded area in top image shows cross
section location

Figure 4.24 Comparison of 2006 (red) and 2013 (green). Shaded area in top image shows cross
section location
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Figure 4.25 Comparison of 2006 (red) and 2013 (green). Shaded area in top image shows cross

section location

Figure 4.26 Comparison of 2006 (red) and 2013 (green). Shaded area in top image shows cross
section location
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Figure 4.27 Comparison of 2006 (red) and 2013 (green) Shaded area in top image shows cross
section location
Figure 4.28 Comparlson of 2006 (red) and 2013 (green). Shaded area in top image shows cross

section location

DOF Subsea Norway AS Project No.:600225

Contract 2012/2998




Document title Revision date Page
m‘ 18.04.2013 71 of 126
e SU bsea U-864 Phase 3A Survey and Doc. No. Rev.
delivering solutions at any depth Geotechnical Campaign 600225-DSNO-015-0002 03
Figure 4.29 Comparison of 2006 (red) and 2013 (green). Shaded area in top image shows cross
section location
Figure 4.30 Comparison of 2006 (red) and 2013 (green). Shaded area in top image shows cross

section location
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Figure 4.31 Comparison of 2006 (red) and 2013 (green). Shaded area in top image shows cross
section location
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Figure 4.32 Comparlson of 2006 (red) and 2013 (green) Shaded area in top image shows cross
section location
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Figure 4.33 Comparison of 2006 (r
section location
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Figure 4.34
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Figure 4.35 Comparison of 2006 (red) and 2013 (green). Shaded area in top image shows cross
section location. The fallen stern section can be seen centre of the profile

Figure 4.36 Comparison of 2006 (red) and 2013 (green). Shaded area in top image shows cross
section location. The fallen stern section can be seen centre of the profile

DOF Subsea Norway AS Project No.:600225 Contract 2012/2998



Document title Revision date Page

w 18.04.2013 75 of 126
SU bsea U-864 Phase 3A Survey and Doc. No. Rev.

delivering solutions at any depth Geotechnical Cam paign 600225-DSNO-015-0002 03

46 SBP SURVEY

A survey was conducted using an Edgetech 2000 FSIU SBP system, with a CODA online
acquisition system and processed offline, using DELPH Ixsea processing software. The survey
was conducted between 23:51 on the 11" January 2013 and concluded at 04:36 on the 12"
January 2013.

Figure 4.37

The data acquired was good throughout the survey, however due to the seabed characteristics the
penetration achieved was limited.

This limited penetration was caused by the presence of a surficial layer of sand throughout the
survey area.

The Sub-Bottom Survey of the rotation pits consisted of 18 lines in total covering both the Bow and
Stern section rotation pits (Figure 2.4). In addition to the cross lines at the wreck site a
supplementary cross line was ran in the trough North of the wreck site to tie the data in, and also
gain more information for this area with respect to possible backfilling.

The objective for the sub bottom profile survey was to identify any bedrock outcrops, large
underlying rocks or other debris which could be a potential hazard to a later dredging campaign.

To summarise, there were no bedrock outcrops or large rocks identified within the location of the
rotation pits. The horizons (UNIT 1 & 2) were defined based on acoustic character and are defined
in Table 4.10.
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Table 4.10 SBP Unit Classification
Seismic Acoustic Character Geotechnical Classification
UNIT
Largely Chaotic structure, with occasional slight Surficial .SAND with un_derlylng
1 . U . soft-medium CLAY (soil units |
internal structure. Limited penetration. and Il)
Consolidated CLAY/Glacial
2 No acoustic penetration Till/Bedrock. (soil unit 11l from
2006)

Layers of sand/ gravel is also found within NGI's Unit | and Il (ref /3/). This can explain why the
division between the seismic units (Table 4.10) are not always coherent with the division of the
geotechnical soil units. This is furthermore most likely the reason why the seismic reflectors often
appear to be intermittent.

Result for the NGI report indicate a homogenous soil condition in the area, same was reported in
2006.

For further details regarding the results from the borehole logs, please see NGI report (ref /3/).

Figure 4.38 SBP data example from Line 8, showing Unit 1 & 2

One additional SBP line (X1) was surveyed in the northwest-southeast direction in the valley north
of the bow section to provide sub-seabed information to support geotechnical assessment to be
made prior to the sealing of the polluted area.
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Figue4.39 SBP line X1, vertical ad horlzontalscale I|n.es 1m
4.7 OIL RECOVERY

The Oil Recovery stage of the project was completed the 12" March 2013.

The main objective was to recover any oil residue from the tanks of the U-864. This specific
operation was performed by FRAMO (ref /5/).

The conditions of the weld seems for the outer shell of the fuel tanks were found in a poor
condition. Due to the poor state of condition, the focus changed during operation from oil recovery
to verification survey for most of the fuel tanks. If there were any uncertainty, oil recovery of a tank
was commenced.

Oil recovery was done for 3 of the 16 tanks on the U-864 (tank 4A, 2 and 3A), and only minor
guantities of oil was recovered from those 3 tanks (Figure 4.40).

Tank 2 Samples

Tank 4A Samples

Tank 3A Samples

No oil residuals, only minor Minor oil quantity Coloured water, no
oil fumes fumes of oil

Figure 4.40 Oil recovery samples (ref /5/)
No further oil residuals or any leakage were observed at the final survey.

For more details of this operation, please refer to the completion report from FRAMO (ref /5/).
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4.8 VORO02- AIR POCKETS

Initial scope of work for Phase 3A included evacuating possible air pockets inside the U-864 wreck,
however this was put on hold until the Oil Recovery task was completed. The VORO02 of evacuating
possible air pockets from the U-864 wreck was commenced the 17" March 2013.

Main task was to evacuate possible air pocket inside the aft wreck section, to resolve the issue
with unknown wreck stability.

A cut was performed in the aft section pressure hull, air evacuation continued for approximately
6hrs. We assume that aft water tight sections have been completely flooded.

4.9 VORO3 - OIL LEAK AND POSITION OF U-864

A few days after completion of the Oil Recovery campaign, DSNO was required to perform an
investigation of oil leakage from U-864. This work was commenced the 21th March 2013. No oil
was visible on sea surface upon arrival in calm sea with no wind.

Oil was found to leak from the first cut at aft section done during the VORO02 operation, see Section
4.8 above.

Oil was spotted coming out of cracks around the stern section, however this is most likely oil
trapped inside or under fuel tank plates. The level of oil leak was measured to be approximately
0.3L/hr (Figure 4.41).

Figure 4.41 Qil leak rate test

By close inspection of the stern section it appears little or none movement of the wreck since the
last “As-left” survey (17" March 2013), see example in the Figure 4.42 below.
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Figure 4.42 Position comparison of U-864

A close visual inspection was performed of the front section, and no sign of movement or oil leaks
was indentified. For more details, please refer to the ldentification of Oil Leak, and Position
Verification of U864 Field Memo (ref /6/).

4.10 SURVEY CONCLUSIONS
The project were performed without any adverse events related to health, safety and environment.

The multibeam (MBE) survey 2km by 2km centred over the U-864 wreck, didn’'t show any sign of
any additional wreckage or anomalous feature in the survey area.

The High Definition video survey of the West and South West side of the U-864 wreck resulted in
the establishment of a clear zone area, as there were none identifications of debris or targets as
possible explosives.

The High Definition video survey of the wreck and debris resulted in a revision of the estimated
torpedo impact point and discovery of the loss of the extreme end of the stern section. The total
length of the intact keel is possible up to 4.0m longer than earlier calculations, this may reduce the
total amount of Hg pollution on the seafloor in the area.

The keel on the Stern end is exposed for approximately 2.5m at the starboard rear end.

The positively identification of the U-864 snorkel that was mounted amidships and in close
proximity to the conning tower, the entire pressure (water tight) section of the conning tower, a part
of the saddle tank from the area of the control room, the upper works of the conning tower and
“Wintergarden” and the attack periscope are all main parts of the “missing” mid section. They are
all found in close vicinity to the stern section. The mounting pedestal for the “Underwasserzieloptic”
(UZO) from the port forward area of the conning tower of U-864 was identification and recovery to
surface for further investigations.

Geotechnical survey was conducted with the purpose of obtaining geotechnical data in the rotation
pits and to gain more information about the sediments on the slope and at the bottom of the trough.

The polluted area has been mapped and at one location the surficial sediments show significantly
more pollution with Hg moving from class Il (Good) to class V (Very bad).
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The stern section of the wreck is situates in the same stable position as measured at end of Phase
2 in 2006. The difference seen in the multibeam (MBE) between the surveys are negligible.

No bedrock outcrops or large rocks was identified within the location of the rotation pits.

5 ASSESSMENT SUMMARY

This Section will give a short update of the facts used for the current assessment given in Phase 2
for the U-864 project.

1.

10.

11.

The location of the mercury cargo is not documented, but the keel section is the most
natural place for storage of the Hg canisters. No changes since 2006.

The condition of the keel is unknown. No changes since 2006, but the keel is exposed for a
length of 2.5m and up to 0.4m in height at the starboard end of the Stern Section. This may
enable a further survey of the exposed area.

The condition of the mercury canisters inside the wreck are unknown. No changes since
2006.

The geotechnical survey shows the slope where the Bow section is situated is unstable. No
changes since 2006.

The condition and location of the ammunition in the wreck is not known. No changes since
2006.

It's not known how firmly the wreck parts are embedded in the seabed, and thus how much
work will have to be done in order to release the wreck parts prior to recovery. Phase 2 of
the project stated that the Stern Section of the wreck is not embedded in the clay. No
changes since 2006.

A limited area of approximately 30 000m? of the seabed is so heavily polluted that further
measures have to be implemented. The sediments around the wreck parts are particularly
heavily polluted. A few soil samples showed an increase of mercury content between 2006-
2013, all of them north or west of the wreck and in accordance with the water current
direction. Besides from that, no changes since 2006.

Environmental monitoring of the dredging operations shows heavy mercury pollution of the
sea water. Larger dredging operation should not be performed without adequate measures
for stopping any further spread of mercury. No changes since 2006.

Covering the polluted area is environmentally necessary and technical feasible. There will
have to be undertaken investigations regarding methods for covering the area with different
topographical and geotechnical properties. No changes since 2006.

DNV strength measurements from 2005 shows that its technical possible to salvage the
wreck parts. No changes since 2006.

The salvage of the wreck parts will lead to a significant marine operation in addition to that
the polluted area may need to covered, which will be result in large expense. No changes
since 2006.
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6 DATA INDEX

6.1 HARD COPY DELIVERY

Not applicable for this delivery.

6.2 DIGITAL REPORT DELIVERY

6.2.1 REV.02

Uploaded to the ftp server 20.02.2013: (/External-Users/Kystverket/600225-TR-DSNO-KVK-0010)
15 x Charts (PDF format)

Uploaded to the ftp server 21.02.2013: (/External-Users/Kystverket/600225-TR-DSNO-KVK-0011)
1 x Report (DOCX/PDF formats)
26 x DTM files (ASCII format)
2 x NaviModel Projects (NMP format)
1 x NaviModel Software (EXE format)
1 x Sounding file (ASCII format)

NOTE: Transmittal 600225-TR-DSNO-KVK-0008 was sent to Kystverket 18.01.2013 containing:
1 x USB disc (S/N: WX91EC1FFLF1) containing:

HD Video files (format mp4)

600225 U864 Video Index.xIsx

README.txt

VisualSoft program
600225_U864_DirPrint.txt

6.3 CHART INDEX

Chart No. Rev. Scale Cart Title and Area
600225-SSKO-G59-0001 02 1:5000 Bathymetry for MBES Grid SUrvey
600225-SSKO-G59-0002 02 1:5000 Shaded Relief for MBES Grid Survey
600225-SSKO-G59-0003 02 1:2000 ROV Track for MBES grid Survey
600225-SSKO-G59-0004 02 1:2000 ROV Track for MBES grid Survey
600225-SSKO-G59-0005 02 1:2000 ROV Track for MBES grid Survey
600225-SSKO-G59-0006 02 1:2000 ROV Track for MBES grid Survey
600225-SSKO-G59-0007 02 1:1000 Geotechnical Samples Locations
600225-SSKO-G59-0008 02 1:250 UHD-864 — MBE and HD Video Surveys
600225-SSKO-G59-0009 02 1:500 SBP Survey of Rotation Pits — Longitudinal Profiles
600225-SSKO-G59-0010 02 1:500 SBP Survey of Rotation Pits — Longitudinal Profiles
600225-SSKO-G59-0011 02 1:500 SBP Survey of Rotation Pits — Longitudinal Profiles
600225-SSK0O-G59-0012 02 1:500 SBP Survey of Rotation Pits — Longitudinal Profiles
600225-SSK0O-G59-0013 02 1:500 SBP Survey of Rotation Pits — Longitudinal Profiles
600225-SSK0O-G59-0014 02 1:500 SBP Survey of Rotation Pits — Longitudinal Profiles
600225-SSKO-G59-0015 02 1:5000 Bathy and Shaded Relief for MBES Grid Survey
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600225_U864 MS\/Ere?éer DATA_20130108005206157 | 08.01.2013 | 00:52:06 | 00:15:00

600225_U864 MS\/Ere?éer DATA_20130108010707016 | 08.01.2013 | 01:07:07 | 00:15:00

600225_U864 MS\/Ere?éer DATA_20130108012208015 | 08.01.2013 | 01:22:08 | 00:15:00

600225_U864 MS\/Ere?éer DATA_20130108013709000 | 08.01.2013 | 01:37:09 | 00:15:00

600225_U864 M?ﬁiﬁ” DATA_20130108015210000 | 08.01.2013 | 01:52:10 | 00:12:12

600225_U864 M?ﬁiﬁ” DATA_20130108020443484 | 08.01.2013 | 02:04:43 | 00:00:05

600225_U864 C'eaéif\;‘e‘;erid DATA_20130108070601187 | 08.01.2013 | 07:06:01 | 00:13:52 No targets

600225_U864 C'eaéif\;‘e‘;erid DATA_20130108072137078 | 08.01.2013 | 07:21:37 | 00:15:00 No targets

600225_U864 C'eaéjf\;‘e‘;erid DATA_20130108073638094 | 08.01.2013 | 07:36:38 | 00:02:11 No targets

600225_U864 C'eaéjf\;‘e‘;erid DATA 20130108074131641 | 08.01.2013 | 07:41:31 | 00:11:54 No targets

600225_U864 C'eaéﬁf\?eilerid DATA_20130108075453063 | 08.01.2013 | 07:54:53 | 00:13:01 No targets

600225_U864 C'eaéﬁf\?eilerid DATA_20130108080912609 | 08.01.2013 | 08:09:12 | 00:11:41 No targets

600225_U864 C'eaéﬁf’\;‘eeyerid DATA_20130108082139859 | 08.01.2013 | 08:21:39 | 00:09:56 No targets

600225_U864 C'eaéﬁf’\;‘eeyerid DATA_20130108083253765 | 08.01.2013 | 08:32:53 | 00:11:39 No targets

600225_U864 C'eaéﬁf’\?eeyerid DATA_20130108084801812 | 08.01.2013 | 08:48:01 | 00:10:31 Target 3A 001 Part of hull cassing section

600225_U864 C'eaéﬁf’\?eeyerid DATA_20130108090127703 | 08.01.2013 | 09:01:27 | 00:13:48 Target 3A 002 Possible debris

600225_U864 C'eagjf\;‘e‘?erid DATA_20130108091731375 | 08.01.2013 | 09:17:31 | 00:13:25 Target 3A 003 Part of hull cassing section
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600225_U864 C'eagjf\;‘e‘?e”d DATA_20130108093232687 | 08.01.2013 | 09:32:32 | 00:13:06 No targets
Clear zone Grid . . Target 3A 004 Metal Cylinder - Target 3A 005 Part of steel -
600225_U864 Survey DATA_20130108094543719 | 08.01.2013 | 09:45:43 | 00:15:00 Target 78 from 2005.2006 Steol casing very large
600225_U864 C'eaéﬁf’\?eeye”d dam DATA_20130108100044000 | 08.01.2013 | 10:00:44 | 00:06:19 No targets
Clear zone Grid A .
600225_U864 Survey DATA_20130108100932375 | 08.01.2013 | 10:09:32 | 00:15:00 Target 3A 005, 006, 007, 008, 009, 010, 011, 012
600225_U864 C'eaéﬁf’\?eeye”d DATA_20130108102433000 | 08.01.2013 | 10:24:33 | 00:07:13 Target 3A 013
600225_U864 Clear zone Grid DATA_20130108103407360 | 08.01.2013 | 10:34:07 | 00:15:00 Target 3A 014,15,16,17,18,19_Target 15 from 2005-2006
- Survey = Metal Structure
600225_U864 C'eagjf\;‘e‘?e”d DATA_20130108104907907 | 08.01.2013 | 10:49:07 | 00:02:47 Target 3A-020, 021
600225_U864 C'eaéjf\;‘e‘;e”d DATA_20130108105239078 | 08.01.2013 | 10:52:39 | 00:12:43 Target 3A-022, 023
600225_U864 C'eaéjf\;‘e‘;e”d DATA_20130108110528844 | 08.01.2013 | 11:05:28 | 00:14:26 Target 3A-024,025,026,027,028
600225_U864 C'eaéjf\;‘e‘;e”d DATA_20130108112002875 | 08.01.2013 | 11:20:02 | 00:12:47 Target 3A-029, 030
600225_U864 C'eaéjf\;‘e‘;e”d DATA 20130108113253859 | 08.01.2013 | 11:32:53 | 00:14:59 Target 3A-031, 032, 033, 034
600225_U864 C'eaéﬁf\?eiler'd DATA_20130108114754015 | 08.01.2013 | 11:47:54 | 00:00:27 No targets
Clear zone Grid o e,
600225_U864 Survey DATA_20130108114826406 | 08.01.2013 | 11:48:26 | 00:15:00 Target 3A-035,036,037,038,039,040
600225_U864 C'eaéﬁf’\?eeye”d DATA_20130108120327000 | 08.01.2013 | 12:03:27 | 00:00:07 No targets
Clear zone Grid e e,
600225_U864 Survey DATA_20130108120338125 | 08.01.2013 | 12:03:38 | 00:15:00 Target 3A-041,042,043, 044, 045,046,047
600225_U864 C'eaéﬁf’\?eeye”d DATA_20130108121839015 | 08.01.2013 | 12:18:39 | 00:15:00 Target 3A-048,049,050,051
600225_U864 C'eaéﬁf’\?eeye”d DATA_20130108123340000 | 08.01.2013 | 12:33:40 | 00:03:14 No targets
600225_U864 C'eaéjf\:‘e‘ile”d DATA_20130108132414984 | 08.01.2013 | 13:24:14 | 00:15:00 Target 3A-048,049,050,051
600225_U864 C'eagjf\;‘e‘?e”d DATA_20130108133916015 | 08.01.2013 | 13:39:16 | 00:03:24 Target 3A, 053, 054, 055, 056, 057
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600225_U864 C'eaéjf\:‘e‘;erid DATA_20130108134533891 | 08.01.2013 | 13:45:33 | 00:13:17 058,059,060,061,062,ogg,rggztt,%Asé,oee,067,068,069,070,
600225_U864 C'eaéﬁf’\;‘eeyerid DATA_20130108135858594 | 08.01.2013 | 13:58:58 | 00:04:00 Target 3A_071
600225_U864 C'eaéﬁf’\;‘eeyerid DATA_20130108140304562 | 08.01.2013 | 14:03:04 | 00:13:14 Target 3A_072,073
600225_U864 C'eaéﬁf’\?eeyerid DATA_20130108141623031 | 08.01.2013 | 14:16:23 | 00:08:46 Target 3A_074,075,076,077
600225_U864 C'eaéﬁf’\?eeyerid DATA_20130108142515406 | 08.01.2013 | 14:25:15 | 00:09:28 Target 3A_078,079,080
600225_U864 C'eagjf\;‘e‘?erid DATA_20130108143449516 | 08.01.2013 | 14:34:49 | 00:05:51 No targets
600225_U864 C'eagjf\;‘e‘?erid DATA_20130108144108562 | 08.01.2013 | 14:41:08 | 00:09:55 No targets
600225_U864 Wreck Survey Area_2 DATA_20130108190348781 | 08.01.2013 | 19:03:48 | 00:15:00 STERN SECTION - Break Point
600225_U864 Wreck Survey Area_2 DATA_20130108191849016 | 08.01.2013 | 19:18:49 | 00:13:39 STERN SECTION - Break Point
600225_U864 Wreck Survey Area_2 DATA_20130108194106406 | 08.01.2013 | 19:41:06 | 00:15:00 STERN SECTION - Mud line
600225_U864 Wreck Survey Area_2 DATA_20130108195607047 | 08.01.2013 | 19:56:07 | 00:15:00 STERN SECTION - Mud line
600225_U864 Wreck Survey Area_2 DATA_20130108201108000 | 08.01.2013 | 20:11:08 | 00:04:00 STERN SECTION - Mud line
600225_U864 Wreck Survey Area_2 DATA_20130108201727547 | 08.01.2013 | 20:17:27 | 00:14:40 STERN SECTION - Midship Line
600225_U864 Wreck Survey Area_2 DATA_20130108203520422 | 08.01.2013 | 20:35:20 | 00:10:14 STERN SECTION - Top Deck
600225_U864 Wreck Survey Area_2 DATA_20130108204724328 | 08.01.2013 | 20:47:24 | 00:15:00 STERN SECTION - Top Deck High Fly
600225_U864 Wreck Survey Area_2 DATA_20130108210225000 | 08.01.2013 | 21:02:25 | 00:00:27 STERN SECTION - Top Deck High Fly
600225_U864 Wreck Survey Area_1 DATA_20130108211447562 | 08.01.2013 | 21:14:47 | 00:15:00 BOW SECTION - Break Point
600225_U864 Wreck Survey Area_1 DATA_20130108212948031 | 08.01.2013 | 21:29:48 | 00:00:19 BOW SECTION - Break Point
600225_U864 Wreck Survey Area_1 DATA_20130108213854390 | 08.01.2013 | 21:38:54 | 00:15:00 BOW SECTION - Mud line
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600225_U864 Wreck Survey Area_1 DATA_20130108215354891 | 08.01.2013 | 21:53:54 | 00:03:23 BOW SECTION - Mud line
600225_U864 Wreck Survey Area_1 DATA_20130108215856532 | 08.01.2013 | 21:58:56 | 00:15:00 BOW SECTION - Midship Line
600225_U864 Wreck Survey Area_1 DATA_20130108221357000 | 08.01.2013 | 22:13:57 | 00:12:53 BOW SECTION - Midship Line
FromtrasadGeologi tran Area_1 DATA_20130108222932672 | 08.01.2013 | 22:29:32 | 00:09:52 BOW SECTION - Top Deck
600225_U864 Wreck Survey Area_1 DATA_20130108224211062 | 08.01.2013 | 22:42:11 | 00:07:00 BOW SECTION - Keel
600225_U864 Wreck Survey Area_7 DATA_20130108230408718 | 08.01.2013 | 23:04:08 | 00:15:00 Target 66 from 2005-2006
600225_U864 Wreck Survey Area_7 DATA_20130108231909032 | 08.01.2013 | 23:19:09 | 00:15:00 Target 66 from 2005-2006
600225_U864 Wreck Survey Area_7 DATA_20130108233410015 | 08.01.2013 | 23:34:10 | 00:15:00 Target 66 from 2005-2006
600225_U864 Wreck Survey Area_7 DATA_20130108234910984 | 08.01.2013 | 23:49:10 | 00:15:00 Target 66 from 2005'288?05:%’80‘””9 of UZO (cone)at
600225_U864 Wreck Survey Area_7 DATA_20130109000412016 | 09.01.2013 | 00:04:12 | 00:02:18 Target 66 from 2005-2006
600225_U864 Wreck Survey Area_10 DATA_20130109001202406 | 09.01.2013 | 00:12:02 | 00:06:20 Target 15 from 2005-2006
600225_U864 Wreck Survey Area_8 DATA_20130109002123453 | 09.01.2013 | 00:21:23 | 00:15:00 Target 8 from 2005-2006
600225_U864 Wreck Survey Area_8 DATA_20130109003624000 | 09.01.2013 | 00:36:24 | 00:06:36 Target 8 from 2005-2006
600225_U864 Wreck Survey Area_3 DATA_20130109004615406 | 09.01.2013 | 00:46:15 | 00:15:00 Target 78 from 2005-2006 (00:51:26 Botle)
600225_U864 Wreck Survey Area_3 DATA_20130109010116000 | 09.01.2013 | 01:01:16 | 00:12:14 Target 78 from 2005-2006
600225_U864 Wreck Survey Area_7 DATA_20130109011805625 | 09.01.2013 | 01:18:05 | 00:15:00 Target 66 from 2005-2006
600225_U864 Wreck Survey Area_7 DATA_20130109013305968 | 09.01.2013 | 01:33:05 | 00:02:41 Target 66 from 2005-2006
600225_U864 Wreck Survey Unidentified DATA_20130109021549719 | 09.01.2013 | 02:15:49 | 00:05:09
600225_U864 Coring Vibro coring DATA_20130109225213828 | 09.01.2013 | 22:52:13 | 00:15:00
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600225_U864 Coring Vibro coring DATA_20130109230714031 09.01.2013 23:07:14 00:15:00

600225_U864 Coring Vibro coring DATA_20130109232215015 09.01.2013 23:22:15 00:10:31

600225_U864 Coring Vibro coring DATA_20130110000553531 10.01.2013 00:05:53 00:06:01

600225_U864 Coring Vibro coring DATA_20130110002352719 10.01.2013 00:23:52 00:12:57

600225_U864 Wreck Survey Target 81 DATA_20130110010523500 10.01.2013 01:05:23 00:09:52

600225_U864 NRK DATA_20130110012109234 10.01.2013 01:21:09 00:00:08 With out overlay and logos

600225_U864 NRK DATA_20130110012401031 10.01.2013 01:24:01 00:04:44 With out overlay and logos

600225_U864 Coring Vibro coring DATA_20130110015518375 10.01.2013 01:55:18 00:15:00

600225_U864 Coring Vibro coring DATA_20130110021019000 10.01.2013 02:10:19 00:01:01

600225_U864 Coring Vibro coring DATA_20130110031331297 10.01.2013 03:13:31 00:15:00

600225_U864 Coring Vibro coring DATA_20130110032831984 10.01.2013 03:28:31 00:03:58

600225_U864 Coring Vibro coring DATA_20130110043202313 10.01.2013 04:32:02 00:15:00

600225_U864 Coring Vibro coring DATA_20130110044702969 10.01.2013 04:47:02 00:10:08

600225_U864 Coring CPT DATA_20130110164014672 10.01.2013 16:40:14 00:15:00

600225_U864 Coring CPT DATA_20130110165515000 10.01.2013 16:55:15 00:15:00

600225_U864 Coring CPT DATA_20130110171016063 10.01.2013 17:10:16 00:15:00

600225_U864 Coring CPT DATA_20130110172517015 10.01.2013 17:25:17 00:15:00

600225_U864 Coring CPT DATA_20130110174018016 10.01.2013 17:40:18 00:15:00

600225_U864 Coring CPT DATA_20130110175518890 10.01.2013 17:55:18 00:15:00
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600225_U864 Coring CPT DATA_20130110181020016 10.01.2013 18:10:20 00:15:00
600225_U864 Coring CPT DATA_20130110182520031 10.01.2013 18:25:20 00:15:00
600225_U864 Coring CPT DATA_20130110184021031 10.01.2013 18:40:21 00:05:29
600225_U864 Coring CPT DATA_20130110222214329 10.01.2013 22:22:14 00:15:00
600225_U864 Coring CPT DATA_20130110223715031 10.01.2013 22:37:15 00:15:00
600225_U864 Coring CPT DATA_20130110225216016 10.01.2013 22:52:16 00:15:00
600225_U864 Coring CPT DATA_20130110230717031 10.01.2013 23:07:17 00:15:00
600225_U864 Coring CPT DATA_20130110232218016 10.01.2013 23:22:18 00:15:00
600225_U864 Coring CPT DATA_20130110233719015 10.01.2013 23:37:19 00:15:00
600225_U864 Coring CPT DATA_20130110235220016 10.01.2013 23:52:20 00:15:00
600225_U864 Coring CPT DATA_20130111000721032 11.01.2013 00:07:21 00:15:00
600225_U864 Coring CPT DATA_20130111002222016 11.01.2013 00:22:22 00:15:00
600225_U864 Coring CPT DATA_20130111003723015 11.01.2013 00:37:23 00:15:00
600225_U864 Coring CPT DATA_20130111005224047 11.01.2013 00:52:24 00:15:00
600225_U864 Coring CPT DATA_20130111010724906 11.01.2013 01:07:24 00:15:00
600225_U864 Coring CPT DATA_20130111012226047 11.01.2013 01:22:26 00:15:00
600225_U864 Coring CPT DATA_20130111013727016 11.01.2013 01:37:27 00:15:00
600225_U864 Coring CPT DATA_20130111015228032 11.01.2013 01:52:28 00:15:00
600225_U864 Coring CPT DATA_20130111020729016 11.01.2013 02:07:29 00:15:00
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600225_U864 Coring CPT DATA_20130111022230031 11.01.2013 02:22:30 00:15:00
600225_U864 Coring CPT DATA_20130111023731000 11.01.2013 02:37:31 00:15:00
600225_U864 Coring CPT DATA_20130111025231984 11.01.2013 02:52:31 00:15:00
600225_U864 Coring CPT DATA_20130111030732890 11.01.2013 03:07:32 00:15:00
600225_U864 Coring CPT DATA_20130111032234016 11.01.2013 03:22:34 00:15:00
600225_U864 Coring CPT DATA_20130111033735000 11.01.2013 03:37:35 00:15:00
600225_U864 Coring CPT DATA_20130111035235922 11.01.2013 03:52:35 00:15:00
600225_U864 Coring CPT DATA_20130111040737000 11.01.2013 04:07:37 00:15:00
600225_U864 Coring CPT DATA_20130111042238016 11.01.2013 04:22:38 00:15:00
600225_U864 Coring CPT DATA_20130111043739031 11.01.2013 04:37:39 00:15:00
600225_U864 Coring CPT DATA_20130111045240016 11.01.2013 04:52:40 00:15:00
600225_U864 Coring CPT DATA_20130111050741016 11.01.2013 05:07:41 00:15:00
600225_U864 Coring CPT DATA_20130111052242032 11.01.2013 05:22:42 00:05:03
600225_U865 Coring Vibro_coring DATA_20130111080922984 11.01.2013 08:09:22 00:15:00
600225_U864 Wreck Survey Stern section DATA_20130111093752781 11.01.2013 09:37:52 00:14:45
600225_U864 Wreck Survey Cone survey DATA_20130111105042062 11.01.2013 10:50:42 00:09:59
600225_U864 Wreck Survey Cone survey DATA_20130111110720234 11.01.2013 11:07:20 00:00:03
600225_U864 Wreck Survey Stern Well investigation DATA_20130111110755312 11.01.2013 11:07:55 00:00:22
600225_U864 Wreck Survey Stern Well investigation DATA_20130111110822516 11.01.2013 11:08:22 00:15:00
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600225_U864 Wreck Survey Stern Well investigation DATA_20130111112322968 11.01.2013 11:23:22 00:15:00

600225_U864 Wreck Survey Stern_Well_investigation DATA_20130111113824000 11.01.2013 11:38:24 00:15:00

600225_U864 Wreck Survey Stern_Well_investigation DATA_20130111115325000 11.01.2013 11:53:25 00:15:00

600225_U864 Wreck Survey Stern_Well_investigation DATA_20130111120826000 11.01.2013 | 12:08:26 00:15:00

600225_U864 Wreck Survey Stern_Well_investigation DATA_20130111122327000 11.01.2013 | 12:23:27 00:15:00

600225_U864 Wreck Survey Stern_Well_investigation DATA_20130111123827922 11.01.2013 | 12:38:27 00:15:00

600225_U864 Wreck Survey Stern_Well_investigation DATA_20130111125329000 11.01.2013 | 12:53:29 00:12:38

600225_U864 NRK DATA_20130111140700109 11.01.2013 | 14:07:00 00:02:07

600225_U864 NRK DATA_20130111140917234 | 11.01.2013 | 14:09:17 00:15:00

600225_U864 NRK DATA_20130111142418016 11.01.2013 14:24:18 00:09:08

600225_U864 Coring Vibro_coring DATA_20130111153303031 11.01.2013 15:33:03 00:15:00

600225_U864 Coring Vibro_coring DATA_20130111154804016 11.01.2013 15:48:04 00:11:43

600225_U864 Coring Vibro_coring DATA_20130111163146922 11.01.2013 16:31:46 00:15:00

600225_U864 Coring Vibro_coring DATA_20130111164648031 11.01.2013 16:46:48 00:15:00

600225_U864 Coring Vibro_coring DATA_20130111165615312 11.01.2013 16:56:15 00:30:00 Recorded in PAL format

600225_U864 Coring Vibro_coring DATA_20130111170149047 11.01.2013 | 17:01:49 00:15:00

600225_U864 Coring Vibro_coring DATA_20130111171649984 | 11.01.2013 | 17:16:49 00:00:20

600225_U864 Coring Unidentified DATA_20130111171736453 11.01.2013 | 17:17:36 00:09:14

600225_U864 Coring Vibro_coring DATA_20130111172616484 | 11.01.2013 | 17:26:16 00:30:00 Recorded in PAL format
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Projelt?tlname PI-II:i)ﬁe Desclz?i::)tion Video File Date Time Duration Comments
600225_U864 NRK DATA_20130111172836438 11.01.2013 17:28:36 00:15:00
600225_U864 NRK DATA_20130111174337015 11.01.2013 17:43:37 00:12:35
600225_U864 UZO_Recovery DATA_20130112063248562 12.01.2013 06:32:48 00:10:11 Recorded in PAL format
600225_U864 UZO_Recovery DATA_20130112064311734 | 12.01.2013 | 06:43:11 | 00:24:11 Recorded in PAL format
600225_U864 UZO_Recovery DATA_20130112070727328 | 12.01.2013 | 07:07:27 | 00:01:02 Recorded in PAL format
600225_U864 UZO_Recovery DATA_20130112070837532 | 12.01.2013 | 07:08:37 | 00:30:02 Recorded in PAL format
600225_U864 UZO_Recovery DATA_20130112073840500 | 12.01.2013 | 07:38:40 | 00:30:00 Recorded in PAL format
600225 _U864 Coring ROV coring / Soil sampling | DATA_20130112132527484 12.01.2013 13:25:27 00:30:00 Recorded in PAL format
600225 _U864 Coring ROV coring / Soil sampling | DATA_20130112135528812 12.01.2013 13:55:28 00:30:00 Recorded in PAL format
600225_U864 Coring ROV coring / Soil sampling | DATA_20130112142521672 12.01.2013 14:25:21 00:30:01 Recorded in PAL format
600225_U864 Coring ROV coring / Soil sampling | DATA_20130112145524000 12.01.2013 14:55:24 00:30:03 Recorded in PAL format
600225_U864 Coring ROV coring / Soil sampling | DATA_20130112152531015 12.01.2013 15:25:31 00:30:00 Recorded in PAL format
600225_U864 Coring ROV coring / Soil sampling | DATA_20130112155535781 12.01.2013 15:55:35 00:30:00 Recorded in PAL format
600225_U864 Coring ROV coring / Soil sampling | DATA_20130112162536625 12.01.2013 16:25:36 00:29:59 Recorded in PAL format
600225_U864 Coring ROV coring / Soil sampling | DATA_20130112165537218 12.01.2013 16:55:37 00:30:04 Recorded in PAL format
600225 _U864 Coring ROV coring / Soil sampling | DATA_20130112172538078 12.01.2013 17:25:38 00:30:00 Recorded in PAL format
600225 _U864 Coring ROV coring / Soil sampling | DATA_20130112175542875 12.01.2013 17:55:42 00:30:00 Recorded in PAL format
600225 _U864 Coring ROV coring / Soil sampling | DATA_20130112182543719 12.01.2013 18:25:43 00:30:03 Recorded in PAL format
600225 _U864 Coring ROV coring / Soil sampling | DATA_20130112185543985 12.01.2013 18:55:43 00:30:00 Recorded in PAL format
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Projelt?tlname PI-II:i)ﬁe Desclz?i?p))tion Video File Date Time Duration Comments
600225_U864 Coring ROV coring / Soil sampling | DATA_20130112192548719 12.01.2013 19:25:48 00:30:00 Recorded in PAL format
600225_U864 Coring ROV coring / Soil sampling | DATA_20130112195549922 12.01.2013 19:55:49 00:30:00 Recorded in PAL format
600225_U864 Coring ROV coring / Soil sampling | DATA_20130112202550672 12.01.2013 20:25:50 00:30:00 Recorded in PAL format
600225 _U864 Coring ROV coring / Soil sampling | DATA_20130112205551968 12.01.2013 20:55:51 00:29:59 Recorded in PAL format
600225 _U864 Coring ROV coring / Soil sampling | DATA_20130112212552781 12.01.2013 21:25:52 00:30:00 Recorded in PAL format
600225 _U864 Coring ROV coring / Soil sampling | DATA_20130112215553532 12.01.2013 21:55:53 00:30:00 Recorded in PAL format
600225 _U864 Coring ROV coring / Soil sampling | DATA_20130112222554766 12.01.2013 22:25:54 00:29:59 Recorded in PAL format
600225 _U864 Coring ROV coring / Soil sampling | DATA_20130112225555609 12.01.2013 22:55:55 00:30:00 Recorded in PAL format
600225 _U864 Coring ROV coring / Soil sampling | DATA_20130112232556813 12.01.2013 23:25:56 00:30:00 Recorded in PAL format
600225_U864 Coring ROV coring / Soil sampling | DATA_20130112235557578 12.01.2013 23:55:57 00:30:00 Recorded in PAL format
600225_U864 Coring ROV coring / Soil sampling | DATA_20130113002558734 13.01.2013 00:25:58 00:30:00 Recorded in PAL format
600225_U864 Coring ROV coring / Soil sampling | DATA_20130113005559594 13.01.2013 00:55:59 00:30:00 Recorded in PAL format
600225_U864 Coring ROV coring / Soil sampling | DATA_20130113012600813 13.01.2013 01:26:00 00:30:00 Recorded in PAL format
600225_U864 Coring ROV coring / Soil sampling | DATA_20130113015601625 13.01.2013 01:56:01 00:30:00 Recorded in PAL format
600225_U864 Coring ROV coring / Soil sampling | DATA_20130113022602813 13.01.2013 02:26:02 00:30:00 Recorded in PAL format
600225 _U864 Coring ROV coring / Soil sampling | DATA_20130113025603641 13.01.2013 02:56:03 00:30:00 Recorded in PAL format
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6.5 DTM AND SOUNDINGS

6.5.1 DTM

DTM

600225 _DTM_U864_2x2km_20cm_01.xyz

600225 _DTM_U864_2x2km_20cm_02.xyz

600225 _DTM_U864_2x2km_20cm_03.xyz

600225_DTM_U864_2x2km_20cm_04.xyz

600225_DTM_U864_2x2km_20cm_05.xyz

600225_DTM_U864_2x2km_20cm_06.xyz

600225 _DTM_U864_2x2km_20cm_07.xyz

600225 _DTM_U864_2x2km_20cm_08.xyz

600225 _DTM_U864_2x2km_20cm_09.xyz

600225_DTM_U864_2x2km_20cm_10.xyz

600225_DTM_U864_2x2km_20cm_11.xyz

600225_DTM_U864_2x2km_20cm_12.xyz

600225 _DTM_U864_2x2km_20cm_13.xyz

600225 _DTM_U864_2x2km_20cm_14.xyz

600225 _DTM_U864_2x2km_20cm_15.xyz

600225_DTM_U864_2x2km_20cm_16.xyz

600225_DTM_U864_2x2km_20cm_17.xyz

600225_DTM_U864_2x2km_20cm_18.xyz

600225 _DTM_U864_2x2km_20cm_19.xyz

600225 _DTM_U864_2x2km_20cm_20.xyz

600225 _DTM_U864_2x2km_20cm_21.xyz

600225_DTM_U864_2x2km_20cm_22.xyz

600225_DTM_U864_2x2km_20cm_23.xyz

600225_DTM_U864_2x2km_20cm_24.xyz

600225 _DTM_U864_2x2km_20cm_25.xyz

600225 DTM_U864_Wreck 20cm.xyz

6.5.2 Soundings

Soundings

600225 _Soundings_U864_Wreck.xyz

6.6 NAVIMODEL SOFTWARE

NaviModel Projects

NaviModel 3.2.0 RC62.exe

6.7 NAVIMODEL PROJECT

NaviModel Projects

U864 Fedje_overview_2x2km.nmp

U864 Wreck.nmp
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7 APPENDICIES

APPENDIX A: Task plans

APPENDIX B: Explanation of chart datum
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7.2 APPENCIX A: TASK PLANS

Nine operational task plans were used during the project.

DCFsubsea

delivering solutions at any depth

600225-SSK0-002-001 Task Plan: HiPAP Cal Byfjorden.

Distribution Matrix

OM x | Client % | Bridge x | Sen Sur x | Online x | ROV X
Deck x | Crane Sur tech % | Prod.Man MAP GEO/Video
References:

DOF Subsea Procedure: DSN-SUR-003-0003-06i USBL Calibration and Verification.pdf

Introduction

Prior to the Kystverket U864 Phase 3A survey operations, the APOS HiPAP system will be
calibrated using the test site Bunnpunkt. There are 2 MPT transponders permanently deployed
for this purpose.

Water depth is approx 230m.

Geodetic Parameters

Spheroid : WGS 84

UTM Zone : Zone 31° (CM3°)

Datum shift : None

Vertical datum : MSL

Survey Details

Required Logging E NF, APOS

KP runline : None

Displaylines ] None

Waypoints ; 623983.3 E6703442.4 N Zone 31

Gereral Preparations:

# Description Responsible
1. Prepare XLX27 and conduct pre dive checks Surv/ROV
2 Deploy XLX27 to seabed — Log SVP Surnv/ROV
3. CTD to be updated in APCS Surv

4. Recover XLX27 Surv/ROV
5. Waypoints entered in Helmsman Surv

6. Prior to all activities, a full QC check of the online systems will be | Surv

completed and documented

*NB If crane is unavailable the stem A frame winch can be used instead

Operation:
1. | Verification | With the calculated sets of corrections entered into the USBL system,
spin perform a 360° static spin 50m offset from the transponder position
for both poles with corrections applied. If result acceptable move to
step 5.
2. | Static 360] | Hold the vessel static over the transponder position on each of 4
spin headings, record 200 updates on each heading. The headings can be
oriented for weather.
3. | Four Place the vessel in tum at each of the four cardinal points at a
Quadrant distance of 180 metres from the transponder, with a fixed (northerly)

DOF Subsea Norway AS Project No.:600225 Contract 2012/2998
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heading. Log data one each pole for 200 updates at each cardinal
point. Headings and ‘Cardinal Points’ can be oriented for weather.

4. | Verification
spin

With the calculated sets of corrections entered into the USBL system,
perform a 360° static spin 50m offset from the transponder position
with corrections applied.

5. | Verification
lines

Conduct two DP transit lines, West—East & South—North for each
HiPAP system, with a vessel heading of 000°, over the transponder
position. Each verification line to be 250 m long. HeadingAransit lines
may be oriented for weather.

Optional Tp Replacement

# Description Responsible
1. Deploy replacement Tp and clump weight by crane Cran/Deck
2. Identify Tp to be replaced Surv/ROV
3. Remove old Tp from permanent clump weight using XLX27 and | ROV
attach to crane clump weight
4, Attach Replacement TP to permanent CWV ROV
5. Recover XLX27 and old Tp to surface ROV
Reporting

Calibration to be documented with relevant screen grabs.
Mobilisation report to be updated with results.
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Figure 1 Prelim HiPAP boxin at Bunnpunkt (Heading can change to suit weather)
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600225-SSK0-002-002 Task Plan: MBE Cal Byfiorden.

Distribution Matrix

DOF Subsea Procedure: DSA-MP-5T-0001 - Rev. No: 1.02 - Date issued: 01/03/2012

Introduction

verify these offsets once installation is complete.

The calibration will be conducted on the site of the wreck of the Nautilus submarine in
Byfjorden. Depth 340m

Geodetic Parameters

Spheroid ; WGS'84

UTM Zone : Zone 31° (CM3°)

Datum shift : None

Vertical datum : MSL

Survey Details

Required Logging ! NP, HAIN, NS, CODA

Runline : Naut.rin

Displaylines i None

Waypoints !
Bow 6247320 6702 076.5
Stern 624 682.3 67020898

MBE Settings ; 40m, 20Hz, Pulse length 55uSec

Altitude : 10m -15m

Speed ] As per individual line instructions

Gereral Preparations:

OM x | Client x | Bridge x | Senh Sur x | Online x | ROV X
Deck Crane Sur tech ¥ | Prod.Man MAP GEO/Video
References:

The purpose of this procedure is to verify the alighment of the multibeam sensor heads to the
vehicle heading (gyro) and attitude (motion sensor). During installation it is not possible to align
the sensors with sufficient accuracy so a procedure known as a patchtest is used to measure or

# Description Responsible

—

Prior to all activities, a full QC check of the online systems will be
completed and documented

Conduct 2 min static bathy check (ROV STATIONARY on seabed) | Surv

2. Prepare XLX27 and conduct pre dive checks Surv/ROV
3. Deploy XLX27 10 seabed — Log SVP Surnv/ROV
4. CTD to be updated in APOS Surv

5.

6.

Move vehicle in square, circular or other random patterns to settle
hain
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Verification

Operation:
1. | DVL ROV to traverse a box, travelling forwards, backwards and laterally,
Calibration | at different speeds for approximately 30 minutes. Split HAIN logging
before and after.
2. | DVL Update | Update DVL unit with settings received from Offline
3. | DVL Conduct “box traverse” for 15 minutes as verification of DVL settings

MBE
Calibration

Once DVL settings confimed by offline conduct MBE calibration as
detailed below. Note: It is important to log only one file per

survey line. Log CODA SBP data simultaneously.

MBE Line Plan

Line 1 Morth (15°) at 0.7kt, 10m altitude

Line 1 South (195°) at 0.7kt, 10m altitude

Line 1 Morth (15°) at 1.5kt, 10m altitude

Line 2 South (195°) 0.7kt, 15m altitude

Line 2 North (15°) 0.7kt, 15m altitude

Line 3 South (195°) 0.7kt, 15m altitude

Line 3 Morth (15°) 0.7kt, 15m altitude

Line 4 Verification line run across all the previous lines altitude 15m (115%)

Line 4 Verification line run in opposite direction to above with varying pitch, roll and altitude

DOF Subsea Norway AS Project No.:600225
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Reporting

Calibration to be documented with relevant screen grabs.
Mobilisation report to be updated with results.
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600225-SSK0O-002-003 Task Plan: MBE Grid Survey U-864
Distribution Matrix
OM x | Client x | Bridge Sen Sur x | Online ROV
Deck Crane Sur tech Prod.Man MAP GEO/\Video
References:
600225-P J-003-12-0003 Kystverket U-864 Phase 3A Operational Survey Procedure
Introduction
Operations oh Phase 3A of the U-864 will commence with a high resolution MBE survey of a
2km x 2km area centred on the wreck of the U-864.
The purpose of the survey is to identify additional areas of debris and to extend the mapped
area around thr wreck from previous surveys.
Depth on site 150m approx
Geodetic Parameters
Spheroid WGS'84
UTM Zone Zone 32° (CM9°)
Datum shift None
Vertical datum MSL
Survey Details
Required Logging NP, NS (30min files), HAIN, CODA
Runline 2000m_2000m_Grid_40m_Spacing.rix
Displaylines 864 Outline 2000.DWG
Waypoints Nonhe
MBE Settings 40m, 20Hz, Pulse length 55uSec
Altitude 10m
Speed 0.8- 1.5kt (Achieve high quality data)
Gereral Preparations:
# Description Responsible
1. Prior to all activities, a full QC check of the online systems will be
completed and documented
2. Prepare XLX27 and conduct pre dive checks Surv/ROV
3. South East Corner of survey area 200m before SOL Deploy | Surv/ROV
XLX27 to seabed — Log SVP
4. CTD to be updated in APOS Surv
5. Conduct 2 min static bathy check (ROV STATIONARY on seabed) | Surv
6. Move vehicle in square, circular or other random patterns to settle | ROV/Surv
hain
DOF Subsea Norway AS Project No.:600225 Contract 2012/2998
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Operation:
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1. | Setup ROV

Tune systems and check all systems operating while HAIN settles

2. | Start Runin

During long (=200m} run in further tune systems, ROV speed and
ensure no interference between MBE/SBP

Note: Ensure MBE logged on no less than 10m before SOL. SBP
may continue to tune throughout the line as coverage only required
over the wreck. SBP will not be permitted to interfere with MBE
operations

3. | Continue
survey

10m run in/ out on each subsequent line. Ensure ROV is stable
before starting run in.

4. | SVP

Conduct SVP after 24 Hrs and at conclusion of survey

DOF Subsea Norway AS Project No.:600225
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600225-SSKO-002-004 Task Plan: GVl Wreck Sections U-864

Distribution Matrix

OM x | Client x | Bridge x | Senh Sur x | Online x | ROV
Deck Crane Sur tech ¥ | Prod.Man MAP GEO/Video
References:

600225-P J-003-12-0003 Kystverket U-864 Phase 3A Operational Survey Procedure

Introduction

Operations oh Phase 3A of the U-864 project will continue with a HD GV of the major wreck
sections of U-864.

The purpose of the survey is to identify the extent of the missing mid section and to attempt to
identify prominent features of this section in the surrounding debris.

The survey will be conducted under the direct supervision of the VR.

Depth on site 150m approx

Geodetic Parameters

Spheroid ; WGS'84

UTM Zone : Zone 32° (CM9°)

Datum shift : None

Vertical datum : MSL

Survey Details

Required Logging i HAIN, DV

Runline : None

Displaylines ; Debris Field outline 2000. DWG
Waypoints ; Nohe

Gereral Preparations:

# Description Responsible

1. Prior to all activities, a full QC check of the online systems will be
completed and documented

2. Prepare XLX27 and conduct pre dive checks Surnv/ROV

3. CTD to be updated in APOS Surv

4 Balance lighting, set up cameras and confim suitable White | ROV/GEO
Balance

All personnel to be aware that human remains will be present and the site shall be treated with
the utmost respect. Live ammunition is also present on the wreck and caution should be
exercised.

Any sighting, or possible sighting, of human remains, live ammunition, mercury
containers or leaking oil should immediately be notified to the VR. Do not assume they
have seen it!
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Table 1 - Areas and 2005/2006 Target ID

Area Target ID
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1 Survey Areas Overview
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3 Mercury Container

Forged type:
Total height about 370 mm; external diameter about 140 mm

Welded type:
Height of 250 mm approximately, external diameter of about 130 mm
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Ammunition

Item Number | Storage Conclusion
! Weight
Torpedoes 27 Assessed to be stored: Salvage
Dkt e s Bl 12 When the :uom is m;ed towards the :Ylface.
; the ambient pressure will be reduced. It 1s assessed
stored underneath the casing. g 5
Pk i e Falt A b only theoretically possible that this wall cause a
d1; PN m‘b; o 6 B detonation of explosives.
- The possibility of a leakage from the pressunised aw
torpedo room, 2 in the torpedo 3 by %
tribes 2 in the aft firpedo cybnder will increase durmg ascent (caused by
mam_‘ ! reduction of the ambient pressure) and 15 assed to be
remote
Capping
The possibility of a detonation during cappimg.
without a greater external influence, is assessed only
to be theorefically pozsible.
If a high pressure aiwr cylinder starts leaking, due to
comosion, it 15 assessed that a rupture of the
pressunsed air eylinder 15 unlikely.
105 mm 202 Assessed to be stored: It is assessed that the nsk concermning 105 mm
Outside the pressure hull: 32 by :::mt::hon 15 mn=gnificant when salvaging or
the 105 mm cannon. PPIE-
Inside the pressure hull: 170
divided m the two storage
rooms below the central and
the galley.
e 1150 Assessed to be stored cutside May contain a tracer in base, which will self destruct
the pressure hull and in internal | the projectile if it bums cut.
magazines. 60 projechiles under | Salvage
“winter-garden” (aft of tower). | Should be kept wet until they are removed from the
wreck. and kept wet until moved to the depozit site.
It 1= assessed that the nsk concerning 37 mm
ammunition is insignificant when salvagzing.
Capping
It 15 assessed that the nsk concerning 37 mm
anymunition 15 insigmificant when cappmng.
20 mm 1060 Assessed to be stored outside Salvage
the pressure bull and mn internal | Skould be kept wet unfil they are removed from the
magazines. wreck. and kept wet until moved to the deposit site.
It is assessed that the risk concemning 20 mm
ammunition is insignificant when salvagzing.
Capping
It 15 assessed that the nsk concemning 20 mm
ammunition 15 insigmificant when capping.
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Demolition 500kg Assessed to be stored m the Salvage capping

charges INT ATETEI P ATINE Demoliion charges are safe to handle when
salvaging or capping.
It 12 aszessed that the nzk concerming demslhition
charges are insigmificant when salvaging or capping.

Small arms 3000 Assessed to be stored Salvage/capping

g throughout the submarine Small arm= ammumtion safe to handle when
salvaging or cappmg.
It 15 assessed that the nsk concerming small arms
ammunition 15 msigmificant when salvaging or
capping

Hind 30 Assassed to e stoied Usnally stored separately (stick and grenade).

srenades throughout the submarme Explosrves mught be very sensitive, due to picnic

acid.

Salvage

If salvaged, avoid drymg. The longer the submanne
15 stored mn a dry environment, the more sensitive the
grenade will be.

It 15 assessed that the nsk concermng stick grenades
are mmsigmificant when salvaging.

Capping

It 15 assessed that the nisk concerming stick grenades
are insignificant when capping.
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600225-SSKO-002-005 Task Plan: MBE Survey U-864

OM x | Client X

Bridge

Sen Sur X

Online

ROV

Deck Crane

Sur tech Prod.Man

MAP

GEO/Video

References:

Introduction

wreck of the U-864.

Depth on site 150m approx

Geodetic Parameters
Spheroid

UTM Zone

Datum shift

Vertical datum

Survey Details
Required Logging
Runline
Displaylines
Waypoints

MBE Settings

Altitude
Speed

Gereral Preparations:

WGS'84

Zone 32° (CM9°)
None

MSL

NP, NS (30min files), HAIN

864 Lines.rx

Debris Field Qutline 2000. DWG

None

20, 20Hz, Pulse length 55puSec

5m

0. 5kt {(Achieve high quality data)

Consider reducing power over the wreck to prevent ringing

600225-P J-003-12-0003 Kystverket U-864 Phase 3A Operational Survey Procedure

Operations oh Phase 3A of the U-864 will continue with a high resolution MBE survey of the

The purpose of the survey is to provide high data density DTMs of the wreck site to enable size
estimates to be made of wreckage and debris.

# Description

Responsible

1. Prior to all activities, a full QC check of the online systems will be
completed and documented

2. Prepare XLX27 and conduct pre dive checks

Surv/ROV

3. Deploy XLXZ27 to seabed — Log SVP. Ensure deployment clear
of all known wreckage

Surv/iROV

CTD to be updated in APOS

Surv

8] B

Conduct 2 min static bathy check (ROV STATIONARY on seabed)

Surv

hain

6. Move vehicle in square, circular or other random patterns to settle

ROV/Surv
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Operation:
1. | Setup ROV [ Tune systems and check all systems operating while HAIN settles
3. | Continue Conduct Survey pattern at the discretion of online surveyor
survey
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600225-SSK0O-002-006 Task Plan: MBE Verification
Distribution Matrix
OM x | Client x | Bridge Sen Sur x | Online ROV
Deck Crane Sur tech Prod.Man MAP GEO/\Video
References:
600225-P J-003-12-0003 Kystverket U-864 Phase 3A Operational Survey Procedure
Introduction
To achieve the best possible results it is hecessary to conduct a verification of the MBE
calibration data collected before the start of the project.
Depth on site 150m approx
Geodetic Parameters
Spheroid WGS'84
UTM Zone Zone 32° (CM9°)
Datum shift None
Vertical datum MSL
Survey Details
Required Logging NP, NS (30min files), HAIN
Runline Verify.rix
Displaylines Debris Field Outline 2000.DWG
Waypoints None
MBE Settings 50m, 20Hz, Pulse length 55uSec
Altitude According to line
Speed According to line
Gereral Preparations:
# Description Responsible
1. Task to be conducted immediately after the U-864 MBE survey.
Operation:
1. | Setup ROV | Tune systems and check all systems operating while move to location
from Wreck site.
2. | Line5 E - W Cross line, 0.7kt
3. | Lined W - E Cross line, 0.7kt
4. | Line 3 N-5 0.7kt
5 | Line1 S - NO.7kt
6. | Line 1 N-5 0.7kt
DOF Subsea Norway AS Project No.:600225 Contract 2012/2998
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7. | Line 1 S — N 1.5kt (faster if possible)
8. | Line 2 N-—5 0.7kt
2 !
1 /
\ ?
‘]L
A
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600225-SSKO-002-007 Task Plan: Video Survey Clear Areas U-864

Introduction

Depth on site 150m approx

Geodetic Parameters
Spheroid

UTM Zone

Datum shift

Vertical datum

Survey Details
Required Logging
Runline
Displaylines
Waypoints

Altitude
Speed

DV Overlay

“Area Clearance Survey”

Gereral Preparations:

OM x | Client x | Bridge x | Senh Sur x | Online x | ROV
Deck Crane Sur tech ¥ | Prod.Man MAP X | GEO/Video
References:

600225-P J-003-12-0003 Kystverket U-864 Phase 3A Operational Survey Procedure
Operations oh Phase 3A of the U-864 will continue with a high resolution Video survey of the
area to the West and South VWest of the U-864.

The purpose of the survey is to locate and identify any further debris ocutside the known debris
field area and to provide information on the condition of known debris.

WGS'84

Zone 32° (CM9°)
None

MSL

HD DV, HAIN

Video _Bow rlx, Video_shelf.rx, Video_Stern.rlx
Debris Field Outline 2000. DWG

None

2m (ensure good video coverage)
0.5kt

# Description

Responsible

1. Prior to all activities,
completed and documented

a full QC check of the online systems will be

2. Prepare XLX27 and conduct pre dive checks Surnv/ROV

3. Deploy XLX27 to seabed — Log SVP. Ensure deployment clear | Surv/ROV
of all known wreckage

4. CTD to be updated in APOS Surv

hain

5. Move vehicle in square, circular or other random patterns to settle | ROV/Surv
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Operation:

DCEsubsea

delivering solutions at any depth

1. | Setup ROV

HAIN settles

3. | Continue
survey

Conduct Survey pattern at the discretion of online surveyor

Note; Do not stop survey at any targets identified, but notify VR immediately if Human
remains, possible munitions, or Hg containers are suspected.
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600225-SSK0O-002-008 Task Plan: Geotechnical work for U-864 Rev 2

Distribution Matrix

OM x | Client x | Bridge x | Senh Sur x | Online x | ROV
Deck Crane Sur tech ¥ | Prod.Man MAP X | GEO/Video
References:

600225-P J-003-12-0003 Kystverket U-864 Phase 3A Operational Survey Procedure
600225-P J-003-12-0004-03i Geotechnical operations

Introduction
For the Geotechnical stage of the project three different methods of sampling will take place:

* ROV Sail Sampling (thisis to find extents of any pollution)
» \fibro coring andfor Gravity coring (to find depth of Hg contamination in soil)
» Seabed CPT (to Establish soil layering and soil strength)

Communication with deck and online will be of highest importance to establish which
location each core is being taken.

Each location will be called by it's waypeint name and then a VC,GC,CPT added
dependant on which method is being used. If additional attempts are to be carried out

then an A,B,C.... will be added dependant on how many attempts. This information as
well as time of sample will be logged in the Online log and the Coring spreadsheet.

Depth on site 150m approx

Geodetic Parameters

Spheroid ; WGS'84

UTM Zone ; Zone 32° (CM9°)
Datum shift : None

Vertical datum : MSL

Survey Details

Required Logging : NP, Position fixes
Waypoints ! All waypoints in:

PASSKO_Active\SSKO_B600225\53SK0O_SUR\SSKO_SUR_Online
Priority 1a_Re_Evaluated Areas

Priority 1b_New_Areas

Priority 2 Wreck Gravity Core Samples

Priority 4 Soil Testing with CPTU

Gereral Preparations:

# Description Responsible

1. Prior to all activities, a full QC check of the online systems will be
completed and documented

2. Prepare XLX27 and conduct pre dive checks Surv/ROV
3. Prepare coring tools for deployment Deck
4. Move vessel with specific launch point over the waypoint. Sury
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# Description

Responsible

5. Launch corer and lower to depth

ROV/Surv/iDeck

Operation:
1. [ Launch Launch ROV and corer
2. | Landing Under supervision of the ROV land corer in position Online to track
corer beacon to ensure landing in comrect position.
3. | Posfix Online to take position fix and relay the location and sample no. to

deck.

4. | Recover

If required recover sampler to deck

5. | Change
location

Once the deck has confirmed that the sample is good move to next

location.

ROV Soils Sampling

Duplicates of previously sampled locations

Note; Communication with deck and online will be of highest importance to establish
which location each core is being taken and the sample name.

Area Easting Northing Waypoint
1 261 415.00 6745 227.00 2013-28
1 261 394.00 6745 187.00 2013-30
1 261 383.00 6745 144.00 2013-31
1 261 557.00 6745 317.00 2013-32
1 261 524.00 6745 302.00 2013-33
1 261 492.00 6745 268.00 2013-34
1 261 470.00 6745 239.00 201335
1 261 447.00 6745 211.00 2013-36
1 261 438.00 6745 173.00 2013-37
1 261 424.00 6745 135.00 2013-38
1 261 459.00 6745 132.00 201344
1 261 381.00 6745 112.00 201383
1 261 426.00 6745 113.00 201387
1 261 468.00 6745 108.00 201388
1 261 689.00 6745 250.00 2013-142
1 261 573.00 6745 250.00 2013-146
1 261 609.00 6745 250.00 2013-148
1 261 560.00 6745 234.00 2013-Sed-07
1 261 414.00 6745 270.00 2013-Sed-08
2 261 624.00 6745 133.00 2013-155
2 261 670.00 6745 000.00 2013-200
2 261 684.00 6745 086.00 2013-204
2 261 674.00 6745 042.00 2013-205
2 261 648.00 6745 035.00 2013-206
2 261 619.00 6745 021.00 2013-207
2 261 661.00 6745 095.00 2013-209
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2 261 638.00 6745 064.00 2013-210
2 261 615.00 6745 056.00 2013-211
2 261 623.00 6745 114.00 2013-212
2 261 608.00 6745 087.00 2013-213
NOTE: All targets in yellow are if time allows
®013.32
®013.33
®01350d.08 %p13.34
®o15.Mm13148 013142
L ®o1a20 e 2013-5ed.07.
®013.36 '
%1230
5013.37
b 1413- r“"‘/
g 31‘:013—@@13,44 o/ S013.155
01383 %013.8M 008 5 B13212
i ®012900
2013213 T 013204
afti
‘2013% Jeati
®al3.207
013200
_lL
+
New locations
Area Easting Nerthing Waypoint
1 261 508.00 6745 241.00 2013-301
1 261 543.00 6745 276.00 2013-302
1 261 602.00 6745 228.00 2013-304
1 261 629.00 6745 256.00 2013-305
1 261 698.00 6745 275.00 2013-306
1 261 655.00 6745 289.00 2013-307
1 261 599.00 6745 315.00 2013-308
1 261 493.00 6745 290.00 2013-309
1 261 463.00 6745 283.00 2013-310
1 261 443.00 6745 262.00 2013-311
1 261 432.00 6745 307.00 2013-312
1 261 359.00 6745 280.00 2013-313
1 261 398.00 6745 251.00 2013-314
1 261 345.00 6745 184.00 2013-315
1 261 341.00 6745 135.00 2013-316
1 261 463.00 6745 149.00 2013-317
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1 261 463.00 6745 184.00 2013-318
1 261 541.00 6745 234.00 2013-319
1 261 359.00 6745 233.00 2013-320
2 261 638.00 6745 031.00 2013-321
2 261 607.00 6745 111.00 2013-322
2 261 646.00 6745 123.00 2013-323
2 261 673.00 6745 112.00 2013-324
2 261 641.00 6745 092.00 2013-325
2 261 652.00 6745 062.00 2013-326
2 261 619.00 6745 069.00 2013-327
2 261 664.00 6745 023.00 2013-328
2 261 686.00 6745 021.00 2013-329
2 261 647.00 6745 012.00 2013-330
2 261 600.00 6745 037.00 2013-331
2 261 621.00 6744 997.00 2013-332
2 261 654.00 6744 984.00 2013-333
2 261 700.00 6744 998.00 2013-334
NOTE: All targets in yellow are if time allows
0 ”w .Z'I'W)— 08
o1 bo1a 30100 e
. ; 2013-30 2013-306
| o13ata o %0133
Sora-32 i3 a1 ./u.g.i 04
%01 %01
01331
®013:3416
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Gravity coring

If all samples with Vibro corer are successful the gravity cores will be taken in the following CPT

locations.
Area Easting Northing Waypoint
Aft Wreck 261 628.00 6745 203.00 2013-509
Aft Wreck 261 652.00 6745 192.00 2013-512

away from the ACTUAL CPT location.

Note that above positions are for guidance only. Ensure target location is between 2-5m
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delivering soluticns at any depth
Coring Overview
L8654 Phase 34
Gaotnchnanl Sample Loston
——
Gravity Ve Cormt.
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600225-SSK0-002-009 Task Plan: SBP Survey

Distribution Matrix

Displaylines
Waypoints

Introduction

Operations oh Phase 3A of the U-864 will continue with a SBP survey on the Eastem side of
both wreck parts.

Survey Details
Required Logging
Runline

SBP Settings
Altitude
Speed

Depth on site 150m approx

Geodetic Parameters
Spheroid

UTM Zone

Datum shift

Vertical datum

WGS'84

Zone 32° (CM9°)
None

MSL

OM x | Client x | Bridge Sen Sur x | Online ROV
Deck Crane Sur tech Prod.Man MAP GEO/Video
References:

600225-P J-003-12-0003 Kystverket U-864 Phase 3A Operational Survey Procedure

The objective for the sub bottom profile survey is to identify any outcrops, large sub bottom
rocks or other debris which could be a potential hazard to a later dredging campaign.

NP, NS (30min files), HAIN, CODA

SBP lines.rlx in

864 Outline 2000.DWG
None

To be optimised by Geo's

10m

PASSKO_Active\SSKO_600225\85K0O_SURVSSKO_SUR_Online\Runlines

0.8- 1.5kt (Achieve high quality data)

Gereral Preparations:

# Description Responsible
1. Prior to all activities, a full QC check of the online systems will be
completed and documented
2. Prepare XLX27 and conduct pre dive checks Surv/ROV
3. Deploy XLX27 1o seabed — Log SVP Surnv/ROV
4. CTD to be updated in APOS Surv
5. Conduct 2 min static bathy check (ROV STATIONARY on seabed) | Surv
6. Move vehicle in square, circular or other random patterns to settle | ROV/Surv
hain
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Operation:

Page 2 of 3

1. | Setup ROV [ Tune systems and check all systems operating while HAIN settles

2. | Setup ROV | Set up on Line “SBP lines start” at the northern end. This line will be
used for setting up the system and although may not need the whole
line for testing it may need to be run more than once.

ensure good data from SBP

3. | Start Runin | During long {(=100m) run in further tune systems, ROV speed and

4. | Continue After this line continue with each line in the most efficient manner.
survey

5. | Continue 10m run inf out on each subsequent line. Ensure ROV is stable
survey before starting run in.

6. | SVP Conduct SVP after 24 Hrs and at conclusion of survey
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7.3 APPENDIX B: EXPLANATION OF CHART DATUM

Use of positions given by HMS Venturer on modern charts and navigation systems.

What follows is a brief explanation, in layman’s terms, of the complications of using positions given
by HMS Venturer in 1945 on modern charts and in modern GPS based navigation systems.

As the study of the planet increases in sophistication with modern technology, the shape of the
earth is better understood. It is not a perfect sphere but has a ‘flattened’ top and bottom with a
bulge around the equator; it also varies in curvature from place to place around the earth.

Mathematical models of the earth’s shape used in navigation are called Spheroids or Ellipsoids.
Different spheroids will fit different parts of the earth more accurately than others.

In addition to the spheroid another important aspect of positioning is the ‘datum’ in use. Many are
familiar with the idea of coordinates or latitudes and longitudes, but few realise that these numbers
are not absolute and without the correct datum these positions are meaningless. In its most simple
form a datum may be thought of as a “zero point”, telling the chart user where to start counting
from to apply the numbers given as a position.

The datum used will vary from area to area (sometimes within the same country) and depends on
the use for which the navigation system or chart is designed.

To further complicate matters, each spheroid may be used alone (in which case it is also the
datum), or with a “datum shift”, to produce multiple answers to the same question: “Where is the
us64?”

In order to illustrate this we will compare three sets of “geodetic parameters”.

Spheroid Datum Used By
WGS84 WGS84 Modern GPS Systems
International 1924 EuroptlaggoDatum Modern Norwegian Charts
Bessel 1841 New Norwegian Norwegain charts 1913-1956

Below can be seen the result of plotting the attack position and debris location from HMS
Venturer’s log straight into the three systems without carrying out any conversion between them.
The act of converting coordinates from one datum to another is known as a ‘transformation’.
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1 Attack position (south) and debris surface position (North). WGS (Blue), ED50 (Green)
and new Norwegian (Red)

It can be seen that with no transformation applied putting the same set of numbers into the three
different systems gives three different answers. These answers are up to 250m apart.

In this case the correct position can only be established by using the same datum as that used in
HMS Venturer’s charts (or by transforming it from that datum into another and using the new
latitude and longitude).

With the help of the UK Hydrographic office, it has been established that the most likely datum in
use at the time was “New Norwegian” and although not definitive it is certainly incorrect to plot the
position onto modern charts with no form of transformation and expect the positions to match
exactly.
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8 ATTACHMENTS

8.1 600225-SSK0O-015-13-0001

Kystverket U-864 Phase 3A: M/V Skandi Skolten Mobilisation and Calibration Report, ref /1/

8.2 REPORT ON THE SEARCH AND IDENTIFICATION OF U 864

Admiral Consulting, ref /2/

8.3 GEOTECHNICAL REPORT U-864 2013 SOIL SURVEY

NGI 20120738-01-R, ref /3/

8.4 INVESTIGATION OF MERCURY DURING A SURVEY NEAR SUBMARINE
U-864 OUTSIDE FEDJE IN 2013

NIVA 6499-2013), ref /4/

8.5 COMPLETION REPORT OIL RECOVERY FOR THE SHIP WRECK OF U-864

FRAMO 616917/3A, ref /5/

8.6 600225-SSK0O-015-0001 FIELD MEMO VORO003

Identification of Oil Leak, and Position Verification of U864, ref /6/
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1. PURPOSE AND SCOPE

This report contains information regarding calibration and verification of the survey sensors and
offset control measurements for the MV Skandi Skolten during the vessel's mobilisation for the
Kystverket U-864 Phase 3A Project.

The DGPS health check was conducted alongside at Bergen on 3™ January 2013.

HIPAP and MBE calibration/verification were completed on the 04™ and 05" January 2013 in
Byfjorden near Bergen.

Other vessel sensors had been previously calibrated prior to the start of this project. Results are
included here for completeness.

2. RESPONSIBILITY AND AUTHORITY

The Senior Surveyor and Project Surveyor are responsible for the preparation, checking and
issuing of this document.

The Offshore Manager is responsible for the approval of this document.

3. DEFINITIONS

Abbreviation | Description

CRP Common Reference Point

CTD Conductivity, Temperature, Density
C-O Calculated minus Observed

DGPS / GPS | Differential / Global Positioning System
DSNO DOF Subsea Norway AS

DTM Digital Terrain Model

DVL Doppler Velocity Log

GIS Geographical Information System
GNSS Global Navigation Satellite System
HAIN Hydroacoustic Aided Inertial Navigation
HiPAP High Precision Acoustic Positioning
INS Inertial Navigation System

KP Kilometre Post / Kilometre Point

MBE Multi Beam Echosounder

MRU Motion Reference Unit

MSL Mean Sea Level

PPS Pulse per second

ROV Remote Operated Vehicle

SOW Scope of Work

SVP Sound Velocity Profile

UNESCO United Nations Educational, Scientific, and Cultural Organization
USBL Ultra Short Baseline (acoustic positioning)
UTC Coordinated Universal Time

UTM Universal Transverse Mercator
WGS84 World Geodetic System 1984

ZDA Date and Time (NMEA sentence)
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4. REFERENCES
Table 4-1 Project SOW & Specifications
No. Report / Proc / SOW Title Rev. Date
Kystverket U-864 Phase 3A Skandi
1. 600225-PJ-003-12- Skolten Survey Mobilisation and 03i |28.12.2012
0002 : .
Calibration Procedure
600225-PJ-003-12- Kystverket U-864 Phase 3A .
2 0003 Operational Survey Procedure 03 |28.12.2012
Table 4-2 DOF Subsea Norway AS Procedures / Reports
No. | Report/ Proc/SOW Title Re | Date
1. | DG-PY-0002 Pollpy - Health, safety and working 01 | 26.11.2010
environment
> | DSA-SV-ST-0002 Global Standard - Dimensional Control Vessel o1 | 02.02.2011
and ROV
3 | DSA-SV-GL-0002 quIeIme - Motion Calibration System, Javad 01 | 10.12.2009
Navigation Systems (Javad/Vessel)
4. | DSNO-SV-TMP-0005 grsc)ﬁcce)dure - Heading Sensor Calibration, 02 | 14.07.2011
5. | DSNO-SV-PR-0001 Procedure - Doppler and HAIN system checks | 01 | 10.01.2011
6. | DSNO-SV-PR-0002 Procedure - SAIV SD204 STD/CTD Operation | 01 | 09.01.2012
7. | DSNO-SV-PR-0004 Procedure - Vessel Mobilisation 01 | 10.01.2012
8. | DSNO-SV-PR-0008 Survey Acceptance Test, DSNO 01 | 10.01.2012
9. | DSNO-SV-PR-0010 Procedure - DGPS Configuration 01 |16.01.2012
10. | DSNO-SV-PR-0016 Procedure - Sound Velocity Sensor 01 | 16.01.2012
11. | DSNO-SV-PR-0017 Proce(_jure - Transfer of Data and Information 01 | 16.01.2012
to Online Survevor
12. | DSNO-SV-PR-0021 Procedure - _Paros_(:lentlflc Dlglqugrtz Depth 01 | 17.01.2012
Sensor Configuration and Operation
13. | DSNO-SV-PR-0028 Procedure - DGPS Health Check 01 | 17.01.2012
14. | DSNO-SV-PR-0029 Proqedure - Leica Builder R200m Total 01 | 17.01.2011
Station
15. | DSNO-SV-PR-0032 Procedure - Motion Reference Sensor 02 | 14.07.2011
Calibration and Verification
16. | DSNO-SV-PR-0033 Procedure - USBL Calibration and Verification | 01 | 14.07.2009
17. | DSNO-SV-PR-0035 Procedure - Survey QA Checklists 01 | 02.07.2008
18. | DSNO-SV-PR-0036 Procedure - Collection of survey Data 01 | 02.07.2008
19. | DSNO-SV-PR-0037 Procedure - Control and Calibration of Total 01 | 02.07.2008
Stations
20. | DSNO-SV-PR-0039 Procedure - Survey Process 01 | 03.07.2008
21. | DSNO-SV-PR-0044 Procedure - HiPAP Calibration using o1 | 01.07.2008
Kongsberg's APOS
22. | DSNO-SV-PR-0045 Procedure - Multibeam Echo-sounder 01 | 02.07.2008
Calibration and Verification
23 | DSNO-SV-PR-007 Procedure - Pressure Sensor for Draught 01 | 10.01.2012
Measurement
24. | MGI-GEO-003-0001 Process Management - Geology 04 | 07.07.2008
25. | MGI-GEO-003-0003 Video Eventing Procedure 07 | 07.07.2008
26. | MGI-GEO-003-0005 Visualworks Basics for ROV and Online 03 | 07.07.2008
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27. | MGI-MAP-O03-0001 Processing Procedure 06 | 02.02.2009
28. | MGI-MAP-003-0002 Crew change and Project Start-up Procedure | 03 | 06.02.2009
29. | MGI-MAP-O03-0003 Survey Data Corrections i06 05.02.2009
30. | MGI-MAP-003-0004 Terrain Modelling Procedure 06 | 04.02.2009
31. | MGI-MAP-003-0005 Presentation 03 | 05.02.2008
32. | MGI-MAP-003-0006 Software QA Procedure 08 | 03.02.2009
33. | MGI-MAP-003-0007 Data Security 03 | 05.02.2009
34. | MGI-MAP-0O03-0009 Internal Reporting Procedure 06 | 04.02.2009
35. | MGI-MAP-003-0010 Isopach Modelling 03 | 05.02.2009
36. | MGI-MAP-0O03-0011 Hain Post Processing in Navlab 03 | 05.02.2009
37. | MGI-MAP-004-0001 Collection and use of CTD/SVP Data 06 | 03.02.2009
38. | MGI-MAP-004-0003 MBE Calibration 03 | 02.02.2009
39. | MGI-MAP-004-0004 NaviEdit Manual 04 | 04.07.2008
40. | MGI-MAP-004-0005 Imaging manual 03 | 05.02.2009
41. | MGI-MAP-0O04-0007 Surfer Manual 06 | 01.02.2009
42. | MGI-MAP-O04-0008 CFloor Manual 05 | 05.02.2009
43. | MGI-MAP-0O04-0009 Navimodel Manual 03 | 13.02.2009
44. | MGI-MAP-0O04-0010 ArcGIS 04 | 04.02.2009
45. | MGI-MAP-0O04-0012 Autochart Manual 05 | 04.01.2009
46. | MGI-MAP-004-0013 Transferring Data from AutoCad to ARCGIS 04 | 04.02.2009
47. | MGI-MAP-004-0015 Seabed Feature Interp Using MPOLYGONS 04 | 04.02.2009
48. | MGI-MAP-004-0016 Isopach Modelling Manual 03 | 04.02.2009
49. | MGI-MAP-004-0017 Pipeline Inspection Manual 03 | 04.02.2009
50. | MGI-MAP-004-0022 | DeSigning and Maintaining the AutoCad 08 | 95.02.2009
Production Line [
51 DSL-SSKO-Q15-11- MV Skandi Skolten Dimensional Control _13 30.08.2011
0002 Survey Report i
5. GEODETIC PARAMETERS
5.1 Grid Co-ordinates System

All positioning will be referred to WGS84 Datum and UTM Projection.

The Datum and projection parameters are listed below.

Definition of Geographical Co-ordinate system (Work Site)

Geodetic datum name:

WGS84

Geographical co-ordinate system axes units:
Ellipsoid name:

Ellipsoid defining parameters:
Semi-major axis size
Semi-major axis units
Inverse flattening value

Units for ellipsoid height

Definition of projection
Projection name

metre
WGS84

6378137

metre
298.2572235630
metre

UTM zone 32(N)
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Name of projection transformation method Transverse Mercator

Projection parameters:

Latitude of natural origin 0 degrees North
Longitude of central meridian 9 degrees East
Scale factor on CM 0.9996

False Easting, in grid units 500 000.00
False Northing, in grid units 0.00

Projected co-ordinate system axes units metre

NB: Calibrations were conducted in WGS84, UTM zone 30 and 31. The system in use is specified
in the relevant section

5.1.1 Definition of Vertical Datum

Vertical datum name: MSL
Vertical co-ordinate system axis units: metre

(N.B. All UTM coordinates, depths and linear dimensions quoted in this report are in metres, unless
otherwise stated. Given KP figures are in kilometres).

5.2 Definition of Time

Times quoted are given in UTC unless otherwise defined in the text.

6. SURVEY SPREAD

6.1 MV SKANDI SKOLTEN EQUIPMENT FIT
The equipment listed below is used onboard the MV Skandi Skolten.

6.1.1 Surface Positioning System

e Fugro StarPack HP DGPS with StarFix HP. Corrections via Spotbeam
e Fugro SkyPack XP DGPS. Corrections via Spotbeam

6.1.2 Subsea Positioning Systems

o Kongsberg-Simrad HIPAP 500 USBL subsea positioning system including
transponders/responders.
1.

6.1.3 Azimuth and Attitude Sensors
e Applanix Pos-MV heading and attitude sensor (including LN200 motion sensor)
6.1.4 On-line logging and QA system

EIVA NaviPac Setup Software

EIVA NaviPac navigation & data acquisition software

EIVA NaviScan multibeam data acquisition software

EIVA NaviScan setup software

EIVA Navitag Recorder on-line 24hrs data acquisition logging software
EIVA Timebox modules for all data acquisition interface

CODA Geophysical acquisition system

6.1.5 Off-line Processing Equipment

e NaviEdit Data Editing software
o AutoCAD software for presentation/charting of acquired data.
¢ NavLAB for HAIN processing
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¢ NaviModel, 3D processing
¢ Visual-Soft video review software
e Ixsea Delph

6.2 TRITON XLX27 EQUIPMENT FIT.

6.2.1 Doppler Log Unit

e T-RDI 300Khz Doppler velocity log
6.2.2 Camera systems

e Imenco HD-SDI 20X Zoom Camera

6.2.3 Depth sensor units

e 2x Paroscientific Digiquartz 2000
2

6.2.4 Profiling Systems
e Reson 8125 Dual Head

6.2.5 Azimuth and Attitude Sensors
e CDL Mini RLG2

6.2.6 Sound Velocity Probes

e Saiv SD204 CTD-probe
e Valeport miniSVS

6.2.7 Positioning Systems
e 2 x Kongsberg transponders/responders (One responder, one transponder)
¢ Kongsberg HAIN integrated inertial navigation

6.2.8 Obstacle Avoidance Sonar (OAS)
e Kongsberg-Simrad Mesotech MS 1000

7. VESSEL SURVEY SENSORS
7.1 General

Survey sensors were calibrated according to DOF Subsea Norway AS procedures. Where
calibrations were not possible, valid copies of the manufacturers’ calibration/test sheets were
obtained, and are held onboard. See Section 11.

As a general practice, verifications/comparisons of survey sensors are routinely analysed to
confirm that sensors and equipment are operating to within specifications.

Sensors, which were calibrated/aligned and/or compared by the user, are:

Surface positioning: Fugro Survey HP, Fugro Survey XP

Subsea positioning systems: Kongsberg-Maritime HiPAP Dual USBL and HAIN
Vessel heading sensors: Applanix Pos-MV

Vessel motion reference system: Applanix LN200 in conjunction with Applanix Pos-MV
ROV CDL Mini-RLG gyro with integral motion sensors

ROV mounted dual Reson 8125 MBE

AND CALIBRATION REPORT Doc no. Rev.
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7.1.1 Calibration Alongside

ROV gyro and MRU calibrations were carried out 4™ Januray 2013 alongside in bergen. Gyros
were compared to the vessel heading sensors for an extended period and a C-O derived. A
digital protractor was used to establish roll and pitch of the vehicles to establish a C-O for the
MRU. See Section 8.1

Offsets for the instrumentation on the ROV was established using land survey techniques
alongside in Bergen.

The vessel heading, pitch and roll sensors were calibrated using the JAVAD heading and
motion sensor calibration system alongside in Tananger, Stavanger on 23 July 2012 as part of
a previous project.

7.1.2 Field Calibrations and Verifications
The HIPAP calibration was carried out in Byfjorden on the 04™ of January 2013. See Section 7.4

MBE calibration and position verification were conducted at the wreck of the Nautilus in Byfjorden .
See Section 8

7.2 Differential Global Positioning systems (DGPS)

7.2.1 General Description
MV Skandi Skolten is fitted with two DGPS systems for surface positioning.

e Fugro StarPack XP DGPS
e Fugro StarPack HP DGPS

Reference is made to DOF Subsea Norway AS document DSNO-SV-PR-0010 DGPS
Configuration Procedure and DSNO-SV-PR-0028 DGPS Health Check Procedure.

7.2.2 DGPS Confidence Check

The vessels DGPS positioning was checked whilst alongside in Bergen by using a total station
set up over a known coordinate then making observations to a prism mounted on the underside of
the mounting bracket of the respective GPS antennae.

GPS antenna positions (HP, XP) were logged at the same time as the total station
measurements. The total station calculated coordinates were then compared to the co-
ordinates logged by Navipac (observations). This check was conducted in WGS84, UTM 32N.
The results are listed below:
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Table 7-1 HP Health Check Observations, Bergen 03" January 2013
Setup L6 ) RO.: D4 Target offset ANTENNA : HP CLIENT : Kystverket
Easting 296627.869 A Grid Brg to RO. : 223.8504 X: 0 SPHEROID : WGS84 VESSEL: Skandi Skolten
Northing 6700367.853" Convergence O Y: 0 “PROJECTION: UTM32N  LOCATION: Dokken
Scale Factor 0.999600 Vessel Heading O C.M.: 9° DATE: 03/01/2013
OoBS TIME GRID HORIZ DIST | BEARING Target Calculated Observed C-0
No. UTC BEARING TRUE GRID  (decimal) EASTING NORTHING EASTING NORTHING EASTING NORTHING EASTING NORTHING
1 12:45:00 |311] 53 | 42 57.59 57.567 175.7454 206632.14 6700310.44 296632.14 6700310.44 296632.36 6700310.42 0.22 0.03
2 12:45:30 | 311 48 | 27 57.57 57.547 175.6579 296632.23 6700310.47 296632.23 6700310.47 296632.38 6700310.46 -0.16 0.01
3 12:46:00 |311] 50 | 30 57.59 57.567 | 175.6920667 296632.19 6700310.45 296632.19 6700310.45 296632.32 6700310.43 -0.13 0.02
4 12:46:30 | 311] 51 | 43 57.58 57.557 | 175.7123444 296632.17 6700310.46 296632.17 6700310.46 296632.31 6700310.47 -0.14 -0.01
5 12:47:00 |311] 54 | 42 57.6 57.577 | 175.7620667 296632.12 6700310.43 296632.12 6700310.43 296632.25 6700310.47 0.12 -0.03
6 12:48:00 [311] 35 | 42 57.36 57.337 175.4454 296632.42 6700310.70 296632.42 6700310.70 296632.61 6700310.72 -0.19 -0.02
7 12:49:00 [311] 51 | 48 57.59 57.567 | 175.7137333 296632.17 6700310.45 296632.17 6700310.45 296632.34 6700310.42 -0.17 0.03
8 12:49:30 | 311] 50 | 42 57.63 57.607 175.6954 296632.19 6700310.41 296632.19 6700310.41 296632.34 6700310.44 -0.14 -0.03
9 12:50:30 |311] 12 | 55 57.09 57.067 | 175.0656778 296632.78 6700311.00 296632.78 6700311.00 296632.91 6700310.96 -0.13 0.04
10 | 12:52:00 |311] 36 [ 42 57.39 57.367 | 175.4620667 296632.41 6700310.67 296632.41 6700310.67 296632.57 6700310.66 -0.16 0.01
11 | 12:52:30 [311] 32 [ 31 57.33 57.307 | 175.3923444 296632.47 6700310.73 296632.47 6700310.73 296632.60 6700310.71 -0.13 0.03
12 | 12:54:00 [311] 15 [ 56 57.15 57.127 [ 175.1159556 296632.73 6700310.93 296632.73 6700310.93 296632.88 6700310.93 -0.15 0.00
13 | 12:54:30 |311] 16 [ 22 57.14 57.117 | 175.1231778 296632.72 6700310.94 296632.72 6700310.94 296632.88 6700310.92 -0.15 0.02
14 | 12:55:00 [311] 32 [ 43 57.38 57.357 | 175.3956778 296632.47 6700310.68 296632.47 6700310.68 296632.72 6700310.70 -0.25 -0.02
15 | 12:55:30 |311] 34 | 10 57.37 57.347 | 175.4198444 296632.45 6700310.69 296632.45 6700310.69 296632.65 6700310.65 -0.20 0.04
16 | 12:56:00 |311] 40 [ 4 57.42 57.397 | 1755181778 296632.35 6700310.63 296632.35 6700310.63 296632.50 6700310.60 -0.15 0.03
17 | 125700 [311] 53 [ 18 57.58 57.557 | 175.7387333 296632.15 6700310.46 206632.15 6700310.46 296632.30 6700310.47 -0.15 -0.02
18 | 12:57:30 [311] 53 [ 46 57.59 57.567 | 175.7465111 206632.14 6700310.44 296632.14 6700310.44 296632.28 6700310.43 -0.14 0.02
19 | 12:58:00 [311] 56 [ 30 57.59 57.567 | 175.7920667 296632.09 6700310.44 296632.09 6700310.44 296632.28 6700310.42 -0.18 0.02
20 | 12:58:30 [311] 59 [ 43 57.63 57.607 | 175.8456778 206632.04 6700310.40 296632.04 6700310.40 296632.24 6700310.35 -0.20 0.04
21 | 12:59:00 [312] 1 [ 49 57.66 57.637 | 175.8806778 296632.01 6700310.36 296632.01 6700310.36 296632.19 6700310.33 -0.18 0.03
22 | 13:00:00 [311] 55 [ 44 57.61 57.587 | 175.7792889 296632.11 6700310.42 296632.11 6700310.42 296632.27 6700310.41 -0.17 0.01
23 | 13:00:30 |311] 54 [ 31 57.6 57.577 | 175.7590111 296632.13 6700310.43 296632.13 6700310.43 296632.24 6700310.36 011 0.07
24 | 13:01:30 |311] 55 [ 30 57.6 57.577 175.7754 296632.11 6700310.43 296632.11 6700310.43 296632.27 6700310.42 -0.16 0.01
25 | 13:02:00 [311] 55 [ 32 57.59 57.567 | 175.7759556 296632.11 6700310.44 296632.11 6700310.44 206632.28 6700310.43 -0.17 0.01
26 | 13:03:00 |312] o [ 39 57.64 57.617 | 175.8612333 296632.03 6700310.39 296632.03 6700310.39 296632.21 6700310.38 -0.18 0.01
27 | 13:03:30 [311] 53] 24 57.57 57.547 175.7404 296632.14 6700310.46 296632.14 6700310.46 296632.30 6700310.45 -0.16 0.01
28 | 13:05:00 |312] 30 [ 37 58.03 58.007 | 176.3606778 296631.55 6700309.96 296631.55 6700309.96 296631.72 6700309.91 -0.16 0.06
29 | 13:05:30 [312] 31|41 58.04 58.017 | 176.3784556 296631.53 6700309.95 296631.53 6700309.95 296631.72 6700309.94 -0.18 0.01
30 | 13:06:00 [312] 32 29 58.04 58.017 | 176.3917889 296631.52 6700309.95 296631.52 6700309.95 296631.68 6700309.92 -0.16 0.03
31 | 13:06:30 |[312] 33| 13 58.05 58.027 | 176.4040111 296631.51 6700309.94 296631.51 6700309.94 296631.66 6700309.89 -0.15 0.05
32 | 13:07:00 |312] 33 3 58.03 58.007 | 176.4012333 296631.51 6700309.96 29663151 6700309.96 296631.70 6700309.97 -0.19 -0.01
MEAN 296632.15 6700310.45 296632.15 6700310.45 296632.31 6700310.44 -0.16m 0.02m
S.D. 0.33 0.27 0.33 0.27 0.33 0.28 0.03 0.02
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Table 7-2 XP Health Check Observations, Bergen 03" January 2013
Setup L6 R.O.: D4 Target offset ANTENNA : XP CLIENT : Kystverket
Easting 296627.869 “Grid Brg to RO. : 223.8504 X: 0 " SPHEROID : WGS84 VESSEL: Skandi Skolten
Northing 6700367.853 " Convergence O Y: 0 "PROJECTION: UTM32N  LOCATION: Dokken
Scale Factor 0.999600 Vessel Heading O CM.: 9° DATE: 03/01/2013
OuUTL
OBS| TIME GRID HORIZ DIST Target Calculated Observed C-0 C-0
No. uTC BEARING TRUE EASTING NORTHING EASTING NORTHING EASTING NORTHING EASTING NORTHING  [[Magnitude (m)
1 | 1055:00 [313] 23 [ 9 56.86 296630.61 6700311.08 296630.61 6700311.08 296630.73 6700311.01 -0.12 0.07 0.139
2 | 105530 [313] 25 | 32 56.9 296630.57 6700311.04 296630.57 6700311.04 296630.70 6700311.01 -0.13 0.03 0.130
3 | 10:56:00 [313 24 | 25 56.91 296630.59 6700311.03 296630.59 6700311.03 296630.67 6700310.96 -0.08 0.07 0.110
4 | 1056:30 |313] 29 | 1 56.94 296630.52 6700311.00 296630.52 6700311.00 296630.65 6700310.93 -0.13 0.06 0.148
5 | 10:57:00 [313] 26 | 32 56.9 296630.56 6700311.04 296630.56 6700311.04 296630.69 6700310.96 -0.13 0.08 0.153
6 | 10:57:30 [313] 25 | 46 56.88 296630.57 6700311.06 296630.57 6700311.06 296630.69 6700310.97 -0.13 0.09 0.155
7 | 1058:00 [313] 30 [ 11 56.94 296630.50 6700311.00 296630.50 6700311.00 296630.64 6700310.90 -0.15 0.09 0.174
8 | 10:58:30 [313] 19 | 36 56.83 296630.67 6700311.11 296630.67 6700311.11 296630.75 6700311.00 -0.08 0.11 0.137
9 | 10:59:00 [313] 23 | 27 56.81 296630.60 6700311.13 296630.60 6700311.13 296630.79 6700311.04 -0.19 0.09 0.206
10 | 10:59:30 [313] 27 | 12 56.91 296630.55 6700311.03 296630.55 6700311.03 296630.68 6700310.94 -0.13 0.09 0.160
11 | 11:00:00 [313] 18 | 59 56.78 296630.67 6700311.17 296630.67 6700311.17 296630.81 6700311.06 -0.13 0.11 0.170
12 | 11:01:00 [313] 32| 28 56.96 296630.46 6700310.97 296630.46 6700310.97 296630.65 6700310.92 -0.19 0.05 0.198
13 | 11:01:30 [313[ 27 | 51 56.91 296630.53 6700311.03 296630.53 6700311.03 296630.66 6700310.93 -0.12 0.10 0.162
14 | 11:02:00 [313] 28 | 16 56.96 296630.53 6700310.98 296630.53 6700310.98 296630.61 6700310.87 -0.08 0.11 0.134
15 | 11:02:30 [313] 27 | 18 56.9 296630.54 6700311.04 296630.54 6700311.04 296630.70 6700310.97 -0.16 0.06 0.172
16 | 11:03:00 [313] 26 | 24 56.88 296630.56 6700311.06 296630.56 6700311.06 296630.70 6700310.96 -0.15 0.10 0.178
17 | 11:03:30 [313] 29 | 11 56.96 296630.51 6700310.98 296630.51 6700310.98 296630.65 6700310.90 -0.13 0.08 0.155
18 | 11:04:00 [313[ 28 | 36 56.98 296630.53 6700310.96 296630.53 6700310.96 296630.62 6700310.87 -0.09 0.09 0.131
20 | 11:05:00 |313[ 26 | 54 56.91 296630.55 6700311.03 296630.55 6700311.03 296630.68 6700310.95 -0.13 0.08 0.146
21 | 11:05:30 |313[ 30| 8 56.94 296630.50 6700311.00 296630.50 6700311.00 296630.64 6700310.91 -0.14 0.09 0.166
22 | 11:06:00 [313] 26 | 5 56.85 296630.56 6700311.09 296630.56 6700311.09 296630.74 6700311.03 -0.18 0.06 0.193
23 | 11:06:30 | 313 37 | 11 56.98 296630.38 6700310.95 296630.38 6700310.95 296630.53 6700310.85 -0.15 0.10 0.179
24 | 11:07:00 [313| 30 | 34 56.92 296630.49 6700311.02 296630.49 6700311.02 296630.59 6700310.94 -0.10 0.08 0.129
25 | 11:07:30 |313] 27 | 13 56.85 296630.54 6700311.09 296630.54 6700311.09 296630.71 6700311.02 -0.17 0.07 0.184
26 | 11:08:00 |313[ 31 [ 14 56.95 296630.48 6700310.99 296630.48 6700310.99 296630.62 6700310.92 -0.14 0.06 0.151
27 | 11:08:30 [313] 32| 12 56.95 296630.46 6700310.98 296630.46 6700310.98 296630.63 6700310.94 -0.17 0.05 0.174
28 | 11:09:00 [313| 29 | 57 56.94 296630.50 6700311.00 296630.50 6700311.00 296630.61 6700310.94 -0.11 0.06 0.124
29 | 11:09:30 [313| 26 | 19 56.86 296630.56 6700311.08 296630.56 6700311.08 296630.68 6700311.01 -0.12 0.07 0.140
30 | 11:10:00 |313[ 24 | 20 56.85 296630.59 6700311.09 296630.59 6700311.09 296630.70 6700311.01 -0.12 0.08 0.139
31 | 11:10:30 | 313 30 | 50 56.94 296630.49 6700311.00 296630.49 6700311.00 296630.70 6700310.99 -0.21 0.01 0.212
MEAN 296630.54 6700311.03 296630.54 6700311.03 296630.67 6700310.96 -0.14m 0.08m 0.158
S.D. 0.06 0.05 0.06 0.05 0.06 0.05 0.03 0.02
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7.2.3 DGPS Comparison

A comparison between the survey navigation systems, Fugro XP/HP was carried out during the
vessel mobilisation on 3" January 2013.

Position difference between primary and secondary positions over time
Date 0301 2013
Fileriimme

0.3

0.25

| |
ol e
ok ¢
W g Y
A

01

005

. 1 T T T 1
38500 26000 39500 40000 40500 41000 41500

Time in seconds since midnight

Figure 7-1 Position difference between HP and XP systems, 3" January 2013

7.3 Heading and Motion Sensors

7.3.1 General Description

MV Skandi Skolten is fitted with a Applanix Pos-MV GPS based heading, pitch and roll system.
Calibration of this system was conducted on 23" July 2012 alongside in Tanager, Stavanger.

The JAVAD motion and heading calibration system was used during the calibration One hour of

data was collected for heading, roll and pitch. These results were directly compared to that of the
Pos-MV logged over the same period.

Table 7-3 Calibration Results for POS-MV System

Measurement C-0 () Std. Dev (°) JUIEL @
measurements

Heading 0.008 0.061 82183

Pitch -1.551 0.030 82183

Roll -0.448 0.022 82183

Table 7-4 Calibration Verification Results for the POS-MV System

Measurement C-0 () Std. Dev (°) Murlaer of
measurements

Heading -0.008 0.013 9509

Pitch -0.027 0.026 9509

Roll 0.029 0.016 9509
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7.4 HIPAP Calibration

7.4.1 General Description

MV Skandi Skolten’s Kongsberg-Maritime HiPAP system was calibrated for deep water on the 23™
July 2012 at a site near Stavanger. A verification of the calibration was carried out in Byfjorden
on the 4" January 2013.

The Fugro StarFix HP DGPS was used as primary surface navigation reference for the calibration,
conducted in accordance with DOF Subsea Norway AS document No DSNO-SV-PR-033 USBL
Calibration and Verification Procedure.

A sound-velocity profile was taken before the calibrations, and the profile was loaded into the
HiPAP system prior to the start of the calibration.

The verification was conducted using the NaviPac routine for USBL calibrations. Data was checked
using in house DSNO systems.

1. Verification spin A static 360° spin was performed, 50m offset from the transponder
with corrections applied.
2. Verification With the existing corrections entered into the USBL system, two
lines DP transit lines 340m in length were run, forward/aft & port/stbd
with a constant vessel heading of North, over the transponder
position.

Applanix POS-MV, Heading and Motion (pitch/roll), data was used as primary input to the HiPAP
system during the verification.
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7.4.2

HiPAP Verification Results

Results of transducer alignment: B64, HiPAP

Calculation data

Time 10:35:19 120725
# positionz used in calibration 1053
Digtance rezidual Max value 386 m
rme walue 1.03m
Std Dew Tp Poz Marth 057 m
E ast 0.69m
Drepth 052 m

Parameters changed before calculation

Tranzponder boxed-in pozition

Marthings BE23528.51 m

E astings B23904.41 m

Depth 12718 m

1-zigma eror elipze 0.05 m, 0.05 m
23

Depth 1-zigma accuracy .08 m

Save to file

Frint |

Sound velocity

Installation
Angle scale
kean [mdz] 14863
YR ratation
Uszed
Rotation Q.00

Tranzducer parameters

| nztallation
Fiall 0.oo-
Fitch Q.ooe
[Gear 180,00 °
Forward .15 m
Starboard -0.60 m
Dramn 1358 m

GFPS antenna offset

Fonward 18.63m
Starboard 005 m
Height 097 m

Help

Calculated  1-zigma

Calculated  1-sigma

Calculated
-0.09

0.0g
181.32

1-zigma
0.02
0.02
0.02

[ Uk

Cloze

Figure 7-

2 HiPAP Calibration results: 23" July 2012 (existing settings)
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7.4.3 HiPAP Verification Observations

Reference beacon scatter plot - Transit East to West
6707185.0 ——Circle of radius 1m
] = Transponder positions
4 Average position
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Figure 7-3 HIPAP - Position plot, lateral verification East to West, 4™ January 2013
Reference beacon scatter plot - South to North
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Figure 7-4 HiPAP - Position plot, forward verification South to North, 4™ January 2013
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7.4.4 Sound Velocity Profiles
The speed of sound profile used during the HiIPAP calibration is shown below in Figure 7.19

Sound Velocity profile 04.01.13

Sound Velocity (m/s)
1472.0 1474.0 1476.0 1478.0 1480.0 1482.0 1484.0 1486.0 1488.0
0.0 . . . . . . .

50.0

100.0

Depth [m)

150.0

200.0

250.0

Figure 7-5 Speed of sound profile measured before HiPAP verification 4™ January 2013
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7.5

Air pressure sensor

The Aanderaa air pressure sensor was used to log air pressure in NaviPac. This data was used to

correct depths measured by subsea pressure sensors.

During the mobilisation the air pressure sensor was compared against reading acquired from
Bergen airport. The vessel was alongside at Dokken, Bergen which is approximately 12km away.

Table 7-5 Air pressure sensor verification 13:00hrs UTC on the 4" January 2013
Date ?/Irﬁtz)a)sured SBEENE Check value (mb) Observed data source
04.01.2013|1018.8 1018 WorldWeatherOnline (Bergen Airport)

o WES

Home Weather ¥

» Top 10 Travel Destinations
» Discount Car Rentals

dhh =

Bergen
L 9°c

ddgd

FREE Weather APl ¥

Home > Bergen Airport, Flesland (BGO) Weather, Norway

» Travel Visa Application

» Holiday Travel Deals

- Bergen Airport, Flesland (BGO) Weather, Norway

Find information of past weather, next 15 day weather, weather text summary, monthly averages and many more fo
prepare yourself for an outdoor activity or a holiday or your travel to BGO, Bergen Airport, Flesland, Bergen, Norway.

W 4
o |

>

L

Weather Meonthly 15-day Change FREE Weather Weather RSS Feed

Forecast Averages Weather Chart *C=F Widget Map
Outlook Today Tomorrow Sun Mon Tue Wed Thu Mext 10 days Past Weather
Latest Weather Observations

Wind: h from the W POP:
4 \ Humidity: Sunrise: 09:42 AM
- ,.J Pressure: Sunset: 03:47 PM
- .

Premium Weather APl ¥ Weather Maj

Local Time:
Fri 04™ Jan 1:12 pm CEST

= 5

a a Cloud Cover: 75%
0 Visibility: 8km
Figure 7-6 Image from World Weather website for Bergen airport.
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8. CALIBRATION / VERIFICATION ROV EQUIPMENT

8.1 Heading and Motion Sensors

8.1.1 General Description

The survey XLX ROV on board MV Skandi Skolten is fitted with a Mini RLG 2 Gyro for this project
providing heading, roll and pitch measurements.

8.1.2 ROV Heading Sensor Calibration and Verification Procedure
The ROV Gyro was compared to the vessel gyro over a period of 30 minutes. The results were

tabulated and C-Os derived.

Table 8-1 Results from ROV Heading calibration XLX27

Vessel POSMV Hdg® CDL RLG2 Hdg®°

C-O(° SD
© ©) 0
220.235 219.431 0.803 0.037

Table 8-2 Results from ROV Pitch calibration XLX27

Measured average Pitch | CDL RLG2 Pitch® (O
from inclinometer® (C) | (O) C-0() Sb

-0.19 0.23 0.42 0.045

Table 8-3 Results from ROV Roll calibration XLX27

Measured average Roll | CDL RLG2 Roll° A (o
from inclinometer® (C) | (O) SO SD
-0.25 -0.08 0.17 0.060

8.2 Depth System Checks

8.2.1 Setup of Digiquartz Units

XLX27 has two Paroscientific Digiquartz units rated to 2000m. One located on the ROV frame and
one in a bracket for “Hand held” operations. The installation was performed in accordance with
DOF Subsea Norway AS document No DSNO-SV-PR-0021.

Comparisons between these instruments with the ROV static on the seabed agreed very well once
the difference in position on the ROV was taken into consideration. CTD data from a ROV mounted
sensor was used in UNESCO density calculations for these tests.
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FrameDigiquartz Depth
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Figure 8-1 Frame DQ digiquartz check 6™ Jan 2013
Hand Held Digiquartz Depth
NaviPACtime in seconds since midnight
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Figure 8-2 Hand Held DQ digiquartz check 6" Jan 2013

8.3 Doppler Velocity Log

XLX27 is equipped with a 300kHz Navigator DVL for survey purposes. The calibration was carried
out in accordance with DOF Subsea procedure DSNO-SV-PR-0011 Doppler Velocity Log

Alignment Procedure.

On the 05" January 2013 a Doppler alignment calibration was conducted in Byfjorden. It was found
that there was a problem with the mounting position of the DVL and so a second calibration was

undertaken near Fedje before the start of the survey.

The alignment angle, pitch and roll were all set to zero at the start of the calibration. To determine
the alignment value correction, the Doppler data was post processed using Navlab software.
Results of the calibration can be seen in Figure 8.1. The heading, pitch and roll values were then

updated to match those in Figure 8.1.
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) MavLab DVL calibration - BETA 0] x|

v Calculate DL calibration | Load results |
— Calibration results — Evaluate calibration
Rall [ 1361 ° Standard deviations
Fitch () 5065 ° x [0.0194) 00212 miz
LY - i -os4q i (0157 015 mis
. Plot:
Scalefactar (13 1031 [nouni]
I'\-"EI::u:'rtw:.-' - time: j
Save results | Expiort calibration | Update local ini files |

Figure 8-3 DVL calibration results from Navlab DVL Calibration

8.4 Inertial Navigation sensor

The Kongsberg-Maritime HAIN system was installed and interfaced to XLX27’s subsea sensors
and all offsets in the HAIN setup within APOS were recorded and checked. The installation and
system performance was conducted in accordance with DOF Subsea Norway AS document No
DSNO-SV-PR-0001.

This system is interfaced to a CDL Mini RLG2 Gyro on the ROV which provides inertial data
together with gyro, pitch & roll. It also receives data from the 300 kHz survey Doppler log and a
Digiquartz pressure sensor. Hydro acoustic position aiding comes from the responder mounted on
the vehicle.

#

# arms.ini, defines the lever arms for the sensors.

# ommm——— e The Tlever arm is the vector from the rOV / vessel reference point to the sensor.
# X 15 Forward, y is starboard and z is down.
# ¥=-0.47 means that the sensor 1is aft of the reference point.
#

[zMu]

¥=-1,453 m

y= 0,701 #m

z= 1. 877 m

[DwvL]

Xx=-3,138 m

y=-1.200 #m

Z= 2.180 m

[Pressure]

¥=-0.123 m

y= 0.281 #m

Z= 0. 300 m

[HiPaPr]

¥=-0.190 m

y= 0.135 #m

Z= 0,065 m

Figure 8-4 HAIN lever arms settings
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8.5 Dual Head MBE calibration

The Survey ROV, XLX27 conducted a multibeam calibration on the 5™ January 2013, over the
wreck site of the Nautilus submarine in Byfjorden . The calibration was carried out in accordance
with DOF Subsea procedure MGI-MAP-0O04-0003 MBE Calibration. A series of lines were run over
the pipeline in order to determine pitch, roll and heading misalignments for each head.

Vessel: MSV Skandi Skolten
ROV: XLX27
Echosounder 1: Reson 8125
Echosounder 2: Reson 8125

Survey date: 05.01.2013
Location: Nautilus, Byfjorden

x
Echosounder2 I Properties I Motes I Report
1 Sound velocity/CTD profile I Window I Options I Geodesy I Tide I MB Echosounderl
Instrument | xm]| m]| Zm]| Rol[]| Pitch[]| Heading[]| Time Offsetfms]| CO|
El [ &bsolute offset
E @ 0 Absolute 0000 0000 O0.000 - - - - -
= [0 Bathy
= ® [ Paroscientific 0281 0123 0366 — — — 0 —
C-0Bathy - - - - - - - D.000
E ¥ 1 Mavlab CRP, Calendar 0000 0000 O0.000 - - - 0 -
C-0Bathy - - - - - - - D000
= ZAMRU
= ® ( Seapath EM3000 0701 -1453  1.877 — — — 0 —
C-ORall - - - - - - — D170
G- Fitch - - - - - - — D420
C-0Heave — — — — — — —  D.00D
E (27 Doppledog
= @ 0 RDIDVL PD3 (Binary) -1.200 -3138 2180 0.000 0.000 0.000 1] —
Bl (G
[ # 0 SeapathEM3Gyro 0000 0000 0000 - - - 0 -
C0Gymo — - - - - — — D800
Bl (27 Navigation
B 0 HAIN 0000 0000 O0.000 - - - 0 -
E £ 1 HiPAP 0000 0000 O0.000 - - - 0 -
= #® 2 Mavlab CRP, Calendar 0000 0000 O0.000 — — — -310 —
B [ Water Line
= % 0 Water Line (Ref. point -» ... 0.000 0000 0.000 — — — — —
Bl 3 Adliany
B @ DAl.SANI0d OOdE _nea1 Deil  nong  00no oonn fil
E []Mufibeam
= @ P SeaBat B1:xx(2-Heads) -1.185 0265 0291 20740 0470 -0.580 0 —
= @ §l SeaBat 8Toc{2-Heads) 117 0270 0303 -21110  -0.550 1.860 0 -
QK I Cancel Help

Figure 8-5 MBE mounting values after calibration
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Figure 8-6 DTM beforé calibration

Figure 8-7 DTM after calibration
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9. OFFSETS

9.1

Vessel Offsets

Vessel offsets were established during a dimensional control survey conducted during August

2011.

All offset positions, including MRUs and HiPAP head in deployed position were either determined

during the dimensional control survey, or at a later date by measuring from known points

established during it.

Table 9-1 Antenna Offsets
Skandi Skolten Antenna Offsets
X (m) Y(m) Z(m) Description
L2 Antenna Ref | ) oo, 18.388 30.958 HP
Point
L2 Antenna Ref | g1 ¢ 20.129 30.767 XP
Point
lL:f) i’:{‘te””a Ref | 3926 20.835 31516 PosMV Port
L2 Antenna Ref | 5 g0y 20.760 31.510 PosMV Stbd
Point
Table 9-2 HiPAP Pole Offsets
Skandi Skolten HIPAP Offsets
X (m) Y(m) Z(m) Description
-0.604 7153 -13.582 HiPAP Pole fully deployed — Centre of
Head
Table 9-3 MRU Offsets and Heading alignment
Skandi Skolten MRU Offsets
X (m) Y(m) Z(m) Description
Applanix . .
LN200 -4.165 22.238 2.779 Ref Point on Top of unit
9.2 ROV Offsets

XLX27 had the offsets established for the survey sensors on the 03" of January 2013 alongside in

Bergen.

The CRP is situated on the front of the upper ROV frame and is marked by a punch mark in the

aluminium.

The offset sheet below (Table 9.4) was used for inputting and checking the ROV offsets entered
into Navipac and Naviscan.
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Table 9-4  XLX27 Offsets — 04™ of January 2013

XLX27 Instrument Offsets

Instrument X(m) Y(m) Z(m)
CRP 0.000 0.000 0.000
SVS 0.376 -0.033 -0.296
Rx 0.135 -0.190 0.065
DVL -1.200 -3.138 -2.180
CDL Gyro 0.701 -1.453 -1.877
SAIV 0.046 -0.533 -0.511
Digiquartz 0.281 -0.123 -0.366

10. TIME SYNCHRONISATION

Time synchronisation was achieved by the use of pps and UTC time, with pps and ZDA signals
from the XP system being sent via a 1PPS / ZDA distribution box to all sensors capable of utilising
these signals. NaviPac, APOS, Time boxes computers were all synchronised in this manner and
the Reson 8125 synchronised with PPS and a UTC string.

The EIVA ATTU “Timebox” system was utilised for time stamping all incoming data into the EIVA
computers. The VisualSoft suite was synchronised using a timing string from the Navipac system
to the master PC and then via network to the slave DVR units.

11. FACTORY CALIBRATION CERTIFICATES AND CONFIG FILES
11.1 SAIV SD204 CTD Sensors

11.1.1 Statement from Manufacturer

“From the experience over more than 10 years with the model SD204 and TD301/303, the long
term stability prove to be so good that we today dare to say; "Calibrated for life time".

However, as we know that the instruments may be exposed to various kind of handling in the field,
we suggest a check-up/verification yearly or every second year, depending on how extensive the
use is. It may be practical to combine this with replacement of battery.”

File name: 600225-SSK0O-015-13-0001 M/V SKANDI SKOLTEN MOBILISATION AND CALIBRATION REPORT
Owner: HKB Checker: AJO Approver: HKB



DOCUMENT TITLE
mF SU bsea M/V SKANDI SKOLTEN MOBILISATION

AND CALIBRATION REPORT

delivering solutions at any depth

Revision date Page
10.01.2013 26 of 32
Doc no. Rev.

600225-SSK0O-015-13-0001 | 02

11.1.2 SAIV SD204 - (SN884)

MINI STD/CTD Calibration Certificate
Certificate no: 2698

Instrument model: §SD204 Serial number: %‘%l—} Owner: DOF

Calibrated date:Doy2- o |- 30 Certificate issued date: D ¢ |¢2- (- 30 Env. temp (degr. C): !C‘t

Calibrated by: Sensordata a.s and SA/V A/S Bergen Norway

Calibration procedure:

Conduetivity and temperature are calibrated by setting the MINI STDVCTD instrument in raw data mode and keeping
it in three 200 1 stirred, temperature stabilised calibration baths. Raw conductivity and temperature data are recorded
with bath temp and bath conductivity as d by refe € temp * and conductivity** instruments.
Calibration coefficients Al, B1, C1 for temperature and A3, B3, C3, D3 for conductivity are calculated from least
square equations included in the MINISOFT software packet. Output temperature and conductivity from calibrated
instrument must correspond with reference readings within +/- 1/100 degr. C and +/- 1/100 mmho/cm. Pressure is
calibrated by connecting to a reference DWT*** and successively generate 6 pressures from 1 bar to FS. Pressure
coefficients A2, B2, C2, D2 are calculated from least squares equations included in the instruments software.

Output CTD data must correspond to data from reference instruments within specified accuracy.

TEMPERATURE CONDUCTIVITY PRESSURE
degr. C mmbho/cm dbar
Bef. cal. | Aftercal. | Reference | Bef. cal. | After cal, Reference | Bef cal., Aftercal. | Reference
1905 | 1945 | 19.0S2 | ey | F-b5 | Tbso |10.c2 ", lo.vi
07 [120F [123 [3sag [ 3813 | 3smfloatz| ¥ [[ooud
0,84] O%4 [ 081 [ SLog| SLlo| Slloy|Yeasy| ¥ | Yeos2
\‘. a2
Lool3e[ = lcol 36
2c02.b P LPACY

All calibration coefficients are shown on attached calibration sheet

Warking refarences:

Temperature®  Falmouth Scientfic Model OTM S-112 S/N 1377-09JUL96  Accuracy +/- 2/1000 deg.C
Conductivity®* Falmouth Scientfic Modesl OCM 5-112 S/N 1354-09JULSE  Accuracy + /- 2/1000 mmhaiem
Prassure®** Budenberg OWT Model 280L S/N 9050 Accuracy 0.01% FS (150 bar}

Traceable references:
Tamperature:

Subreference 1: Subreference 2:
General Oceanics ATE 1250 temp. bridge serial no 1235 Destilled water tripple point cell at +0.010 degr.C
[Werking ref. Is controlled by subref.1 tour times per year) Phenoxybenzene tripale point cell at +28.868 degr.C

(Subrof.1 is controlled by subref.2 twice par year)

Conductivity:

Subreference 1: Subreference 2:

Mgil Brown Cond./Temp. transfar standard mod. CT-2 serial no.3 Gullgline Portasal 8410 Portable Salinometer serial no.53
(Working refarence is controlled by subref.1 four times per year]

{Subret.1 is contralled by subref.2 four times per year] Subreferance 3:

{Subref.2 Is controfled by subref.3 four times per year) Ocean Scientific I ional Standard 5

Prassura:

11.2 Paroscientific Digiquartz
11.2.1 Statement from Supplier

“If no change of instrument performance 6 months after delivery we would recommend you to have
a recalibration every 12 months. After 2 or 3 recalibration you do have a track record which can be

of help to you to verify if you can extend the calibration interval beyond each 12 months.”
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11.2.2 Digiquartz - (SN 99954)

OFFSHORE

QDPS

CERTIFICATE OF CALIBRATION

INSTRUMENT: PAROSCIENTIFIC DQ
MODEL: 8CB2000-1-005
SERIAL No.: 99954
CERTIFICATE No.: 2012C044

ISSUED BY DPS ABERDEEN

CALIBRATED BY: N.Taylor

DATE: 17/04/2012

SIGNED:|  /\/»] [4l1—
/

DPS OFFSHORE Calibration Laboratory, Unit 2 Denmore Place, Bridge of Don, Aberdeen AB23 8J5.
Tel.: +44 (0)1224 226850 Fax : +44 (0)1224 226851

Page 1 of 3

11.2.3 Digiquartz - (SN 99951)
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g DPS

OFFSHORE

CERTIFICATE OF CALIBRATION

INSTRUMENT: PAROSCIENTIFIC DQ,
MODEL: 8CB2000-1-005
SERIAL No.: 99951
L CERTIFICATE No.: 2012C045

ISSUED BY DPS ABERDEEN

CALIBRATED BY:

DATE:

N.Taylor

17/04/2012

SIGNED:

Tel.: +44 (0)1224 226850

Nl | M’/’f\/

DPS OFFSHORE Calibration Laboratory, Unit 2 Denmore Place, Bridge of Don, Aberdeen AB23 815,
Fax : +44 (0)1224 226851

Page 10
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11.3 Valeport Sound Velocity Sensors

11.3.1 Statement from Manufacturer
“It is a fact that several companies ensure their equipment is calibrated and serviced annually but

that is governed by their own set

practices. What we find at Valeport is that the vast majority of

instruments that are returned after one year are still within specification. Those instruments that do
not fall within specification do so usually because of a fault or a lack of basic maintenance to the

instrument.

As such, Valeport would be happy to see a probe returned for calibration once every two years.
This assumes that the instrument is well maintained and used correctly.”

11.3.2 Valeport mini SVS - (SN37529)

ALEPORT
St

Calibration Certificate Number: 29380

This document certifies that the instrument detailed below has been
calibrated according to Valeport Limited's Standard Procedures, using
equipment with calibrations traceable to NAMAS or National Standards.

Instrument Type: miniSVS - SV only

Instrument Serial Number: 37529
Calibrated By: L.Bicknell

Date: 02/11/2011

Signed: -

Y

Full details of the results from the calibration procedure applied to each fitted sensor
are available in separate documents. This summary certificate should be kept with

Valeport Limited, SL Peter's Quay, Totnes, Devon, TQS 5EW. UK.
Tel: +44 (0)1803 869292 Fax: +44 (0)1803 889293
[E-mail: sales:valeport.co.uk Web: www valeport.co.uk

the instrument.
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11.4 Applanix LN200
11.4.1 Statement from Manufacturer

POS MV is a tightly coupled Kalman filter based GNSS aided INS. In dynamics, the Kalman filter
uses GNSS observations to estimate the error model for each inertial sensor. If and when an
inertial sensor performs outside of its specified limits, the inbuilt FDIR (Fault Detection Isolation
and Reconfiguration) will manage the issue and a warning will be flagged to the user via POSView.
Sensor performance usually degrades very slowly with time. In such cases, the warning message
in POSView provides advance notice to the user to get the POS MV data checked by Applanix

whilst the degradation in POS MV performance remains minimal.

Hence, unlike most standalone inertial devices, there is no requirement to return a POS MV to
Applanix for routine recalibration to confirm the IMU performance is within specification.

applanix

A TRIMBLE COMPANY

Certificate of Compliance

This document certifies that the system below meets the stated requirements.
Product: POS MV V4
Model: 320
Sales Order No: SO-005710

Hardware Item Part No Serial No

[IMU top hat [ 10001506-4 | 751 411820 |

Software Item Part No Version

10003369

Requirement: mPOS System Acceptance Test #PRO-WI-000084
Result: Passed
TN -
Authorised signature: \é(L\J_Q\) =
Date: Mg, X Dexo Ty

85 Leek Crescant Richmond Hill, Ontario Canada L4B 3B3
Tel: (905) 709-4600 Fax: (905) 709-6027 Web: www.applanix.com
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11.5 CDL RLG2 Gyro
11.5.1 CDL RLG2 Gyro — (SN MP2-089)

WATER ENGINEERING

Sitverfield House
Claymere Drive, Aberdeen
UK, AB23 BGD

Tel: Q1224 706655
Fax: Q1224 709840

email: info@cditd met
Web: www.cditd.net

GYRO CALIBRATION CERTIFICATE

Company: DOF Subsea
Gyro Type: RLG2
Serial Number: MP2089
Firmware: 3.12
Date: 26/11/2012
4 Quadrant Check
Run Test Heading Heading Error Status

1 2.07 225 -0.18

2 91.79 92.25 -0.46

3 182.21 182.25 -0.04

4 272.36 272.25 0.1
mean -0.1425
max diviation 0.3175
Spec: max diviation < 0.32 Pass
12 Hour Calibration Check

Minimum Maximum Spread Average Sigma In Spec

Heading 272.22° 272.36° 0.147 272.300° 0.0392° Pass
Pitch 017" 0.192° 0.02° 0.178° 0.0038° Pass
Roll 0.085° 0.076" 0.01° 0.071° 0.0022° Pass

See page 2 for full 12 Hour heading calibration graph
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11.6 Navigation Software Setup

=

aurrent.setup. txt

END OF DOCUMENT
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Date: 21.03.2013 Page 2 of 10
Company . Kystverket Ref No.: LO03-T12-039-VORO02

Attn. . hans.petter.laahne.mortensholm@kystverket.no

Copied to :  Havard Berge, Agnete Stramme

From . Offshore Manager Skandi Skolten

Subject : Identification of Oil Leak, and Position Verification of U864

Revision Record Sheet:

DSN Rev. Date Description
01 22.03.2013 | Issued for IDC
02i 25.03.2013 | Issued for Construction
INDEX
1. General
2. Results

3. Screen Grabs

4. Conclusions

1 GENERAL

Skandi Skolten was requested by Kystverket to investigate Oil Leak coming from U-864
outside Fedje. Skandi Skolten was alongside Dokken performing maintenance on auxiliary
engines at the time of request, and started immediately to prepare the vessel and ROV. 2 hrs
later, Skandi Skolten left Dokken heading for U-864.

Kystverket wanted to verify two things.

1. ROV inspection to identify Oil Leak.
2. Investigate if U-864 has moved compared to “As Left” Sunday 17" Mars 2013.

Tools used to perform these tasks were: XLX-27, a “home made” measurement stick to
measure gap at mud line, and a “Oil Collector” to measure leak rate.
Measurement stick was left at location for later references’.

Upon arriving location for U-864, no oil was visible from bridge.

Hans Petter Mortensholm from Kystverket was “online” by phone during the whole session.

DOF Subsea Norway AS Project No.: 600225-111-VOR003 Contract: 2012/2998
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2 RESULTS

Oil leak was found to come from where we did the first cut to release air at aft section #1. Oil
was also spotted coming out from several cracks in the outer fuel tanks.

Leak rate was measured and recorded on DVR over a period of 60 minutes. Approximately 3
dl of oil was captured during this period.

To identify if U-864 has moved since “As-Left”, a 1,5m aluminium measurement stick was
used.

Measurement was only taken at one location due to limited access along mud line. Gap was
at the selected spot measured to approximately 1,1 metre.

3 SCREEN GRABS

Debris resting towards U-864. 17.03.2013

Debris resting towards U-864. 21.03.2013

Mud gap. 17.03.2013

Mud gap. 21.03.2013

Debris resting towards U-864. 17.03.2013

Debris resting towards U-864. 21.03.2013

Start of Oil Leak Rate test. Yellow rings on each 0,5 litre.
End of Oil Leak Rate Test. Approx 0.3 litre inside bottle

© © N o g s~ w P

Close up of Ol

10.Qil trapped in wreck

11.Measurement stick. Readings approx 1.1 metre

12.Measurement stick. Readings approx 1.1 metre

DOF Subsea Norway AS Project No.: 600225-111-VOR003 Contract: 2012/2998
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1 o Date: 17/03/2013 Hdg: 6,17 E: 261554 .65 m
e Tadme: 15:04:36 Duepth 147 66 m H: 6T48506%2 .37 SUbSEﬂ

GON225 Am LeftSurvaey Sthd Mud Lilne

2 a Date: 21/03/2013 Hdg: 6,496 E 20600 580,29 m

Tdme': 15:d8: 5 Depth 148 56 m H: 6145063, 26 4
KYSTVERKET Subsea
w0225 011 leak dnvestdgation

DOF Subsea Norway AS Project No.: 600225-111-VOR003 Contract: 2012/2998
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a Date: 17/03/2013 Hdg: 332.69 E: 261557, 6% w
3 VTR R Tdme: 15:53:46 Depth 147 . 94 m H: 6T45062.03 Subsea

G00225 An LeftSurvey Geanerval dnespesctlon

Date: 21/03/72013 Hdg: 334.13 E: 2601557, 95

Tidme: 18:36:02 Dapth 147 . 87 m H: 6745060.83 o
4 KYSTVERKET Subsea
6002205 011 leak investlgatlion

DOF Subsea Norway AS Project No.: 600225-111-VOR003 Contract: 2012/2998
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4 CONCLUSIONS

As seen on the screen grabs where debris is resting towards the wreck, it appears that there
has not been any or very little movement on the wreck since the “As Left “survey on the 17"

Mars 2013.

We will recommend doing a full MBE survey of the U-864 to get exact position data’s.

We had a close up GVI on most of the stern section, and the oil leak was located to where
we did a cut to release air. Oil was spotted coming out of cracks around the stern section, but
this is most likely oil trapped inside or under the fuel tank plates. Screen grab “10” shows oil

trapped under a plate.

Oil leak level was measured to be approx 0.3L in 60 minutes. Upon arriving location, no oil
was visible on surface from bridge level. It was no wind and calm sea.

A GVI of the front section was also performed, and no sign of movement or oil leaks was
spotted there.

DOF Subsea Norway AS Project No.: 600225-111-VOR003 Contract: 2012/2998
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Tilsvarende som Vedlegg V0.04, derfor ikke lagt til her.
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FRAMO

i 1. Summary

This document is the verification for the completion of FRAMO Qil Recovery Operation for
mentioned wreck. ;

HSE related issues are summarized hereunder

Enclosed are proof of evidence by photographs of collected oil samples in addition to
pictures taken of hull plates installed to the wreck

Conclusion with course of action

Health, Safety & Environmental issues (HSE)

Confirmation is given that the removal of cargo from the wreck of “U-864" did not
inflict any environmental pollution.

The operation has been carried out in accordance to Client and Framo HSE standards
and procedures and obligations within the requirements stated in the contract

The work was carried out with good safety standards and all Framo personnel
involved in the operation have showed excellent grade of cooperative workmanship
and respect for HSE code of conduct.

3. Proof of completion

Enclosed are pictures from confirmation survey after cleaning and pictures taken of
collected samples from tanks attempted emptied during oil recovery. There were
recovered a minor quantity of oil from tank 4A. Tank 2 was found without oil residuals,
and only minor oil fumes were detected from the recovered water. Tank 3A was found
with colored water, and here as well there were noted fumes from oil.

Picture 1: Samples from tank 2 Picture 2: Sample from tank 4A




Picture 5: Hull plate installed for tank 4A

Picture 3: Sample taken from tank 3A Picture 4: Hull plates for tank 2 Stb

Picture 6: Hull plate installed for tank 3A

In addition to pictures of collected samples and installed hull plates, there are made video
recording from the installation of hull plates, pumping sequences and final survey to
confirm the completion of work in accordance to contract.
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Fig2 - Screenshot .refecei m_a 'o




Figure 3 - Sc_r_e_en_shot reference map front section




apis Ja0d - HOTIIS JJB ‘SJOYS UIIIIS 0] JUIIIJAL PUE S[IRII( - f 2Ty

Iy

coowesy | 96 awely  Nzvswesy €€ awely _D uEnt_
T T TTITRFTTTTTTITON
C AT 1]
1 B RS k] .
= = w | { nimted MEHqNN 3 e = w
$as el 2 e | g L62 £W 022 EWO'TE e
m w 5 =t  eueL Z3uey, vz queL VI uey R LIRS Vm:ﬂ.nj
w13 {] Lk =k MM N
LR — 3 A T i it En 2 et
..Ir .h:,.l..r s : ) 9 S | i .\\-Lr
Sl Hiem L= B
- ; " : = T LTy
e ; =1t .TM ] AT m
pajeisur
co# saje|d ECH (@& 61# || 8I#
[INH
VO#
OWVad




apis 110d - HO1IDIS JJE ‘SIOYS UIAIIS 0] IIUIIIJAL PUE S[IRII(] - § dIN3L

EE @Wwely gg Jwelyq

R TTITTT T T TTTT

Ew T'2Z
Vi yjue]

gw Q'1g
Ve juel

P A
< HURL

—
o

g £'62
Hue],

M(m...mw.lw, D = L

G. B v
i i)

Cl#

6CH 8# || L1# v1#

So#

99#

H

SI# [




IPIS PIEOQIE]S - HOI)IIS JUO.IJ ‘S)OYS UIIIS 0] IIUIIDI PUE S[IEII( - $ 3INT1

e TLE HINBESNENEE
1 — i | 3 g L.r it
fWw T'6T :A1pede) €w pg :Apede) £W £'E "B_uanaﬂmE 162 :hpedesk — w =0 = .
Y juel VE jueL el  ouey | PR L
y e |
A A .. _
e = = e .m_ -
ot \ .:I!““
B B = -
—— ey _ L
9SH# LSH vS# || vS# ov# || Lv# || Th# || 6¢# ____ ___
OWVid




apis ja0d - HOIJIIS JUOIJ ‘SIOYS UIAIIS 0} IIUIIAJT PUE S[IRII(] - § NSy

£w g :Aaede) gw T'6T :A32ede) 4=
£ jue] VE juel Vel o

I Lﬂ[‘ T TR

3 n
Le# g || 89# L€ [INH
ze ud

OwWvad



Picture 1 - Fixed

Picture 3 - Fixed point 2‘

19

Picture 7 -Fixed point #29




Picture 9 - Fixed Picture 10 - Fixed point #17
.I;:I “ ’..I'.,“..- B po | 5] 4-'?'
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Picture 12 - Fixed point #14

point #66
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Picture 15 - Fixed point #2 Picture 16 - Fixed point #29




Picture 17 - Fixed point #56

Picture 23 - Fixed = Picture 24 - Fixed point #39




Picture 2

Picture 29 - Fixed point #36

Picture 31 - Fixed point #67 Picture 32 - Hull plate for tank 3A




(]

FRAMO

. Conclusion and course of action

report, collected oil samples from recovery, and video recording from final surveys.
There were found no further recoverable residual liquids at completion of the
recovery work, and no leakages were spotted at final survey.

As seen from pictures above enclosed in this report, the condition of weld seems are
found in a poor condition for most of the outer shell plates for the fuel tanks. As
brushing revealed such a poor condition, the focus was changed from oil recovery to
verification survey for most of the fuel tanks. If there were any uncertainty, oil
recovery was commenced to ensure that the actual tank was empty. Oil recovery was
made for totally 3 out of 16 tanks, and only minor quantities of oil was recovered

Based on documentation above and agreement within the participating companies,
the conclusion is made that no further action are recommended.

Radgy, 12'" of March 2013

John Magne Oppedal utArn ' Tony,Collins
f?/a/’m ///;zf,fzgﬁ /{,?/wég/ o/ 1T i {// / A

LAk
~ Framo Representative NCA representative DSNO representative

The cargo recovery from the wreck of “U864” is completed and documented with this




Report on the search and identification of U 864



ADMIRAL CONSULTING, HOP 5307 ASK

Report on the search and
identification of U 864

The search and identification of debris from the
WW?2 submarine wreck of U 864 off the island
of Fedje in Norway

Rear Admiral Ret’d Jan Jeeger
22.02.2013

This report is a summary of a mission carried out in order to prove
that the wreck of the WW2 submarine U 864 has been located in an
area approximately 2 nautical miles west of the island Fedje north of
Bergen Norway. The forward part and the rear part of the submarine
are the dominant parts of the wreck. In addition, debris is located
near the rear part of the submarine. The debris has been identified
positively to be parts of the missing mid section of the submarine.
This report proves that the two main parts of the submarine and the
debris comprise the complete wreck of the WW2 submarine U 864.
No parts are missing.



Search and identification of debris from the WW2 submarine wreck
from U 864 off the island of Fedje in Norway

Background

The Nazi-German submarine U 864 was sunk by the HMS Venturer on the 9" of February 1945
(Figure 1). All the crew and passengers perished.
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Figure 1 Image of chart from HMS Venturer’s log with positions taken chart

The U 864 was en route Japan with personnel possessed with great technical skill and knowledge of
the state of the art war material related to the development of new aircraft propulsion systems and
other advanced weapons and sensors. A significant amount of mercury was carried in the keel of the
submarine for delivery in Japan. The submarine was located by the Royal Norwegian Navy in Mars
2003 on 150m water depth about two nautical miles west of the island of Fedje North of Bergen.



Forward and aft section located

Two main bodies and several smaller parts and debris were found on the seabed. The forward and
the rear section comprise most of the submarine and the minor parts and debris comprise the rest of
the missing part of the hull.

There has been a discussion if the debris and the minor parts together represent the missing section,
or if there is an independent third section not yet found in the immediate vicinity of the wreckages.
Since one of the alternatives for the Norwegian Government in the process to secure the wreck, is to
cover the submarine with a special mix of concrete, it is of significant importance to identify the
complete submarine and all debris in order to have accurate information on what will be covered by
the concrete. The search and identification process carried out in 2005 and 2006 did not conclude
satisfactory on this question. Therefore it was decided to carry out a new search in 2013. The search
area was extended to 2000 x 2000 meters with the two submarine sections in the middle of the area.
New and improved multi beam sensors and HD quality cameras and LED light were to be used.

Subcontractor award

Admiral consulting was awarded a subcontract to DOF Subsea Norway AS (DSNO) on professional
support and interpretation of the multi beam echo sounder and the video data on the 14™ of
November 2012.

Scope of work

DSNO was tasked by the Norwegian Coast Administration to provide an extended search in the area
by multi beam sonar and by video cameras, in order to find and identify the missing part of the
submarine. In a later phase, the bodies will be emptied for fuel oil and new sediment samples will be
taken in the same general areas as before. The process of emptying the main sections for fuel oil and
the sediment samples collection will not be covered by this report.

The discrepancy of the w