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» Summary

Norconsult Norge AS has carried out geotechnical field investigations in relations to ongoing work with the site
preparation study as part of the “Civil 1” part of the Smeaheia project. The area consists of a rockfill in the
Austrevagen bay, south of the Sture terminal in @ygarden municipality.

Previously, 63 total soundings have been carried out onshore. This report describes 44 supplementary
soundings conducted nearshore by a geotechnical drill rig from a barge.

The soundings generally show firm conditions close to the existing rockfill. In large areas bedrock is found at
shallow depth. In some areas soil deposits with very low drilling resistance is registered with thicknesses of up
to 5 meters.
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1 Introduction

Norconsult Norge AS has been contracted by Equinor Energy AS to conduct geotechnical field investigations
in relations to ongoing work with the site preparation study as part of the “Civil 1” part of the Smeaheia project.
The Smeaheia project aims to build a CO; terminal to receive CO; from ships for storage under the North Sea.
The project site is located in Austrvagen, south of the existing Sture-terminal, in @ygarden municipality, see
Figure 1.

Norconsult has previously conducted a geotechnical survey on the existing fill, the results of which are
described in the geotechnical data report E316-NL-Q-RY-00001.

Nordsjoen

Figure 1: Project location.
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2 Purpose

This report is a site investigation report summarising results from the nearshore geotechnical survey.
Geotechnical parameter-interpretation, consulting and design are not treated in this report.

The field results, in combination with the laboratory-analysis, should be a design-basis for geotechnical design
and assessments further on in the project.
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3 Historical aerial photographs

The surveyed area was originally a part of the Austrevagen bay. The bay was filled in with blasted rock from
the construction of caverns during the construction of the Sture terminal in the 80s and 90s. Before the bay
was filled in, bedrock was visible along the shoreline. Aerial photos showing the situation before and after the
filling of the bay is shown on Figure 2.

Figure 2: Aerial photos from 1978 and 2020. Today’s fill front shown with blue line (Finn.no).
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4 Field work

During the field investigations, the following results were produced:

- 44 total soundings to bedrock or firm ground
- 1 cone penetration test (CPTu)
- Collections of 3 undisturbed samples in 1 position by piston sampler

During the total soundings onshore the field crew encountered problems with the penetration of the soil and in
particular the bedrock, leading to a substantial amount of drill string breakages and loss of drilling equipment.
Similar challenges were encountered in the northern part of the bay while drilling through the rockfill. For the
rest of the nearshore soundings, bedrock was successfully registered.

The positions of each borehole and associated height are measured using CPOS-corrected GPS. The table
below sums up information from the field work regarding to positions, investigation methods and drilling depths
from total soundings. The bore plan of executed ground investigations number 002 gives the same overview.
Because of an error in the coordinate table in revision 01, the table has been corrected in version 02.

Table 1: List of boreholes

Borehole Euref89 UTM zone 32, NN2000 Drill depth (TOT)
X (North) Y (East) | Z (Hight) Soil Rock [m]
deposit [m]
201 6726945,3 272979,6 -15,8 TOT 16,3
202 6726927,4 273007,5 -15,5 TOT 13,3
203 6726911,0 273028,9 -20,9 TOT 1,0 3,2
204 6726889,1 273055,8 -18,5 TOT 0,6 3,1
205 6726870,1 273076,7 -20,2 TOT 0,8 3,2
206 6726851,9 273100,1 -9,7 TOT 2,0 3,1
207 6726812,8 2731113 -8,2 TOT 0,3 3,3
208 6726792,2 273129,3 -13,9 TOT 0,6 3,1
209 6726781,2 273172,4 -11,2 TOT 4,9 3,1
210 6726771,8 273212,5 -4,0 TOT 17,7 3,1
211 6726759,6 273199,7 -13,3 TOT 6,1
212 6726757,6 273224,3 -14,3 TOT 9,9 1,6
TOT, CPTU,
213 6726889,2 | 273000,0 -23,4 Sample 8,9 3,3
214 6726766,4 273149,9 -17,3 TOT 4,7 4,1
215 6726749,4 273170,5 -15,2 TOT 1,0 3,3
216 6726754,5 273139,3 -17,5 TOT 3,9 3,0
217 6726734,9 273158,9 -18,7 TOT 2,8 31
218 6726736,4 273128,5 -13,6 TOT 0,5 3,2
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Borehole Euref89 UTM zone 32, NN2000 Method Drill depth (TOT)
X (North) Y (East) | Z (Hight) Soil Rock [m]
deposit [m]
219 6726722,3 273147,4 -19,0 TOT 2,9 3,2
220 6726722,9 273115,9 -4,9 TOT 0,3 3,2
221 6726704,4 273134,9 -19,7 TOT 0,6 3,1
222 6726694,8 273110,1 -4,5 TOT 0,6 3,1
223 6726676,7 273129,8 -18,8 TOT 0,1 3,2
224 6726681,2 273099,2 -8,0 TOT 0,1 3,1
225 6726663,2 273117,9 -17,6 TOT 1,0 3,3
226 6726664,7 273086,1 -7,0 TOT 14 3,0
227 6726647,4 273104,2 -16,3 TOT 0,1 31
228 6726649,4 273072,7 -5,6 TOT 0,2 3,2
229 6726633,6 273091,4 -19,6 TOT 0,1 3,0
230 6726654,8 273009,8 -32,0 TOT 6,6 3,1
231 6726635,0 273032,9 -28,7 TOT 14,8 3,2
232 6726612,2 273053,4 -34,4 TOT 1,7 3,6
233 6726629,7 272988,7 -32,3 TOT 9,6 3,2
234 6726609,5 273011,1 -36,0 TOT 8,5 3,4
235 6726590,5 273034,2 -41,4 TOT 3,4 3,1
236 6726572,1 273056,0 -47,7 TOT 3,3 3,1
237 6726547,3 273074,2 -55,1 TOT 5,0 3,0
238 6726588,2 272990,5 -33,4 TOT 8,4 3,2
239 6726569,6 273013,0 -41,3 TOT 7,3 3,3
240 6726548,9 273035,9 -51,2 TOT 6,6 3,1
241 6726528,1 273057,6 -57,9 TOT 6,2 3,2
242 6726522,8 273076,3 -59,6 TOT 4.1 1,7
243 6726523,9 273014,3 -49,0 TOT 6,5 3,0
244 6726506,0 273037,2 -58,0 TOT 3,0 3,2

TOT: Total sounding, CPTU: Cone penetration test
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4.1 General information regarding the field investigations

The field investigations were conducted by Norconsult Boreteknikk AS. General information regarding the
completed field work is summed up in Table 2.

Table 2: General information field work

Date of execution Weeks 25 — 27 and 33 — 34, 2024
Crew leader Oscar Henning, Maria Theresia Jensen
Type of drilling rig Geomachine 85
Relevant standards Ref. [1], [2], [3], [4], and [5]
Results Drawings 001, 201-244

4.2 General information regarding the laboratory investigations

The field investigations were conducted at Norconsult Norge AS’s lab i Molde. General information regarding
the completed laboratory work is summed up in Table 3.

Table 3: General information laboratory work

Laboratory work

Date of execution Week 45 2024
Lab technician Hilde Risung and Vibeke Silseth Aspen
Relevant standards Ref. [10]
Results Appendix A, drawing 213
https://norconsult365- 2025-01-09 | Page 10 of 13
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5 Ground conditions

The results from the field investigations are shown in boring location plan 002, and on sounding profiles on
drawings 201-244.

Appendix B gives an explanation to the geotechnical plan- and profile drawings. Appendix C gives an
explanation to the profiles from total soundings.

Note! The information from the field and laboratory investigations are strictly only valid in the investigated
positions. Deviations in the ground conditions may occur locally, and the results must therefore not be used
uncritically.

5.1 Investigation results

Total soundings 201-213 are placed along the existing fill. The soundings generally show very firm conditions
when drilling through the existing rockfill. At position 201 and 202 in the north of the bay the soundings failed
to reach bedrock due to similar challenges as during the onshore investigations where approximately half the
soundings failed to reach bedrock because of high resistance. In the area north and northeast of
Austevagsholmen the sounding show bedrock at shallow depth 0 — 1 m. Sounding 213 placed a bit further
from the fill show a top layer of about 5 meters with very low drilling resistance. Samples show that this
material consists of sand. The cone penetration test shows very low skin friction, and no increase in pore
pressure, indication a drained but very loosely packed material.

Total soundings 214-229 are located in the area east of Austevagsholmen. Bedrock is located at shallow
depth in the area. In the northern part there is up to about 3 meters of loose soils, while in the area south of
Austrevagsholmen bedrock is generally found 0-1 meter below the seabed surface.

Total soundings 230-244 are located in the deepest part of the surveyed area, with water depths of up to 60
meters. The soundings show similar conditions as in location 213 further in with a loose top layer of up to 5
meters over firm material. Depth to bedrock is up to 15 meters.

Bedrock is visible on the surface in the areas round the site, indicating that the rock surface is steep and
uneven.

52 Field notes

The considerations of the field crew are described in Table 1. Generally, the sounding deviate slightly from
standard due to the soundings being performed on water. The drilling rig is unable to apply force of 3 tons
because the barge will lift and the rods bend causing a high risk of drill string breakage.

Table 4: Comments from the bore log and comments given by field team (translated from Norwegian).

Borehole Field comments |
201 Unable to penetrate. Drilling stopped due to risk of breakage caused by high torque.

202 Drill string breakage. Loss of 10 drilling rods and drilling head.

203
204
205
206
207
208
209
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210

Drill string breakage after 3,7 meters drilling in rockfill. Breakage in casing about 4 — 4,5
meters under water surface. Managed to retrieve 16 meters of drilling rods. Bottom rod
damaged, splicing sleeve destroyed due to high torque. Loss of 4 drilling rods and drilling
211 head.

Drilling stopped after 1,6 meters drilling in bedrock due to high torque and high risk of drill
212 string breakage.

Had to redo CPT sounding due to error in friction logging. Used backup CPT probe,
213 calibration out of date by 7 days.

214 Drilled 1 meter extra in bedrock due to low bedrock quality.
215
216
217

Hit bedrock at shallow depth. Drilling bit sliding og steep rock surface caused drill string
218 breakage. Loss of 1 drilling rod and drilling head.

219
220
221
222
223
224
225 Hard to interpret rock surface due to steep bedrock surface.

Likely bedrock at surface, but due to steep bedrock surface bedrock interpreted after 1,4
226 meters.

227
228
229
230
231
232
233
234
235
236
237
238
239
240 Uneven drilling due to wind and waves.
241
242 Drill string breakage. Loss of 3 drilling rods and drilling head.
243
244
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1 Results from standard lab routine

Table 1: Completed tests and laboratory work

P/?DS T){/_;:])e D[empi[h Classification [})//\:] T[(]; [E;OI] [kN\/(m3]

0,0-1,0 | Sand with pieces of shell and gravel 16,5
0,1-0,2 51,7
0,2-0,3

S 3 | 0304 Humic Silty Sand 69,4 T2 | 33
1,0-2,0 | Sand with pieces of shell and gravel 18,7
1,1-1,2 34,4
1,2-1,3

S ¥ | 1314 sand 349 T2 | 16
2,0-3,0 | Silty clay-ey sand with pieces of shell and gravel 21,6
2,1-2,2 18,0
2,2-2,3

g 3 | 2,3-2,4 | Sandy Clay-ey Silty Gravely Material | 17,2 | T3 | 1,2
2,4-2,5 16,1

Soil classification based on grain size distribution is marked with bold type, the others are visually classified.
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Symbols:

54 Undisturbed 54 mm cylinder piston sample
P Bag (representative)

w Natural in-situ water content

TG Frost heave classification (T1-T4)

Gl Organic content

Y Density
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2 Particle size distribution
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Metode Posisjon Dybde [m] Labnr. Kurve Jordartsbetegnelse W [%] C, Telegr.
Hydrom. 213 0304 1766C Humic Silty Sand 69.4 6,7 T2
Hydrom. 213 1,314 1767C | ="~ ~ Sand 349 6.5 T2
Hydrom. 213 2324 1768C | eeeveeeenes Sandy Clay-ey Silty Gravely Material 17,2 2257 T3
Hydrom. —_——
Hydrom. -

Figure 1 Particle size distribution for position 213
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3 Pictures

3.1 Piston samples
Borehole 213

Depth 0,0-1,0 m

Ll LS R R I, S, S

e 2
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Ref. 1 The Norwegian Public Roads Administration (NPRA), Manual R210 2024 Laboratory investigations.

Ref. 2 Norwegian Geotechnical Society (2011), Natification no. 2 — Guidance for symbols and definitions in
geotechnics, identification and classification of soil

Ref. 3 NS-EN 17892-1:2014 Geotechnical investigation and testing -- Laboratory testing of soil -- Part 1: Determination
of water content.

Ref. 4 NS-EN 17892-2:2014 Geotechnical investigation and testing -- Laboratory testing of soil -- Part 2: Determination
of bulk density.

Ref. 5 NS-EN 17892-4:2016 Geotechnical investigation and testing -- Laboratory testing of soil -- Part 4: Determination
of particle size distribution.
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5 Reporting

< Vanninnhold

Vanninnhold regnes som forhold mellom masse
vann og masse tarrstoff i prgven. Vanninnhold kan
bestemmes bade for representative- o0g
uforstyrrede prgver.

masse fuktig — masse tgrr
w =
masse torr prgve

Vanninnhold bestemmes ved veiing far og etter
tarking av materialet til konstant vekt.

Vanninnholdene i

Table 1 og kornfordelingskurvene, som er fra
samme prgvedybde, kan variere. Ved avvik
benyttes vanninnholdet fra Table 1.

« Kornfordeling, klassifisering,
telefarlighet og gradering

Kornfordeling defineres som masseandel av
standardiserte kornstgrrelsesgrupper i prgven.

Kornfordeling av prgvemateriale bestemmes ved
bruk av sikter og vekter, samt hydrometer hvis
materialet har hgyt innhold av finstoff. Materialet
kan enten vaskes og tarkes i forkant av siktingen,
eller siktes fuktig. Vatsikting evt. kombinert med
slemmeanalyse brukes nar materialets telefarlighet
skal bestemmes (kombianalyse).

Resultatene presenteres som kornfordelingskurver
der akkumulert %-vekt oppgis mot kornstarrelse. |
tilfelle kombianalyse kombineres resultatene fra
sikting og hydrometeranalysen til én kurve.

For klassifisering benyttes gruppene oppgitt i
Tabell 2.

https://norconsult365.sharepoint.com/sites/INOCOSNOASG52407009
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Tabell 2 Kornstgrrelsesgrupper

Fraksjon | Kornstgrrelse (mm)
Leire <0,002
Silt 0,002-0,063
Sand 0,063-2
Grus 2-63
Stein 63-630
Blokk >630

Primaere bestanddeler angis i substantivform,
mens de sekundeere bestanddelene evt. gis som
ett eller flere adjektiver (f.eks. siltig sandig leire).

Telefarlighet kan bedgmmes ut fra materialets
kornkornfordeling etter Tabell 3.

Tabell 3 Regler for inndeling i telegrupper
Telegruppe Masseprosent av matr. <20mm

<0,002mm <0,02mm <0,2mm

Ikke telefarlig T1 <3

Litt telefarlig T2 3-12

Middels telef. T3 D >12 <50
Meget telef. T4 <40 >12 > 50

1) jordarter med mer enn 40% < 0,002 mm regnes
som middels telefarlige

Materialets gradering kan bestemmes fra
kornfordelingskurvens helning i omradet der 10%
0g 60% av materialet passerer ved sikting.

c _deo
=r
dio

Hvis dette av praktiske grunner ikke lar seg utfare
brukes d,s og d,s. Materialets gradering kan
beskrives etter retningslinjer gitt i Tabell 4.

Tabell 4 Betegnelser basert pa graderingstallet
i | Betegnelse |

<5 Ensgradert
5-15 Middels gradert
>15 Velgradert
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<+ Humusinnhold

Humusinnhold i mineraljordarter bestemmes med
glgdetapsmaling og regnes som masse organisk
materiale dividert med masse tgrrstoff i prgven.

masse tgrket — masse glgdet

masse glgdet prove

Humusinnhold kan bestemmes bade for
representative- og uforstyrrede pragver, og
presenteres etter retningslinjer gitt i Tabell 75.

Tabell 5 Betegnelser basert p& humusinnhold

% Betegnelse
2-6 Humusholdig ....
6-20 ...torv

>20 Torv

<+ Korndensitet

Korndensitet (eller relativ densitet) for finkornede
jordarter som leire, silt og sand kan bestemmes
ved bruk av pyknometer Korndensiteten regnes
som

partiklenes tgrrmasse

Ps = partiklenes reelle volum

s Konsistensgrenser og plasitisitet

Konsistensgrenser defineres som
vanninnholdsomradet der prgven oppfarer seg
plastisk (formbar). Nedre grensen

(plastisitetsgrense Wp) defineres som
vanninnholdet der materialet ikke lenger kan
formes uten & sprekke opp. @vre grensen
(flytegrense, w;) defineres som vanninnholdet der
materialet gar over til flytende tilstand.
Plastisitetsindeks defineres som

IP=WL_WP

Q

og brukes for & angi det plastiske omradet for
jordarten samt for klassifisering.
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s Tyngdetetthet

Tyngdetetthet av prgver regnes som masse per
volum ganget med jordens grunnakselerasjon. Den
kan bestemmes for uforstyrrede praver, enten for
en hel sylinder eller for en mindre prgvebit.

« Deformasjons- og
konsolideringsegenskaper

Deformasjons- og  konsolideringsegenskaper
benyttes ved evaluering av forventet setning og
tidsforlgp ved endring i spenningstilstand.
Modellparametere for setningsberegning kan
evalueres ved hjelp av belastningsforsgk i
laboratoriet.  Forsgkene utfgres i  sdakalt
gdometerapparat, der prgver belastes vertikalt
samtidig som vertikal deformasjon males. Sideveis
deformasjon er hindret av en stiv ring.

Aksiell last, aksiell tgyning og poretrykksforhold
under prgven registreres gjennom forsgket.
Forsgkene kan utfares med kontinuerlig belastning
(CRS/CRP) eller evt. ved en simulert trinnvis
belastning.

En generell modell for spenningsmodul kan
defineres som

I n1-n
o' —o,
M = mao,
Oa

Formuleringen  beskriver  konstant-, lineaert
gkende- og parabolsk gkende modell, som gjerne
benyttes for & beskrive OC leire (konstant med
n=1), NC leire og fin silt (linesert gkende med n=0)
eller sand og grov silt (parabolsk gkende med
n=0,5).

Tolkning av gdometerforsgk gir verdier pa M, m og
n.

% Skjeerfasthet

Drenert skjeerfasthet

Pa effektivspenningsbasis er skjeerfastheten
avhengig av effektivspenning normalt pa
bruddplanet.
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7 = (a+0') - tan(¢)

Modellparameterne  kan bestemmes  ved
treaksialforsgk i laboratoriet. Spenningsforholdene
for slike forsgk ber presiseres av prosjekterende pa
forndnd slik at resultatene blir mest mulig
representative for det aktuelle tilfellet.

Udrenert skjeerfasthet

Pa totalspenningsbasis beskrives skjeerfastheten
som skjeer-belastningen materialet taler far det
bryter sammen. Totalspenningsanalyse analyser
benyttes for & beskrive materialoppfgrsel av
finkornige jordarter, ved plutselige eller raske
spenningsendringer. Udrenert skjeerfasthet
defineres som

(o, —03)

Cy = 2

Skjeerfastheten bestemmes ved en rekke forsgk i
laboratorium og i felt, og méalemetoden oppgis
derfor i parameternavnet etter retningslinjer gitt i
Tabell 6.

Tabell 6 Betegnelse for udrenert skjeerfasthet basert pa
malemetode

Udrenert

skjeerfasthet

Malemetode

Aktivt treaksialforsgk
(compression test)

Passivt treaksialforsgk
(extension test)

Cuwp Direkte skjeerforsgk
Cufc (uomrgrt),
Curic (omrgrt)
Cuuc Enaksialt trykkforsgk

Residual skjeerfasthet etter brudd/omrgring kalles

omrgrt skjeerfasthet, c,,.. Omrgrt skjeerfasthet kan
veere vesentlig lavere enn uforstyrret skjeerfasthet.

Cuc

CuE

Konusforsgk

Forholdet mellom uforstyrret og omrart
skjeerfasthet kalles sensitivitet og defineres som
Cu

Cur

S =

Sensitivitet kan presenteres etter retningslinjer gitt
i Tabell 7.
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Tabell 7 Betegnelse basert pa sensitivitet
Betegnelse av|Betegnelse av leire | St (-)

sensitivitet

Lav Lite sensitiv <8
Middels Middels sensitiv 8-30
Hay Meget sensitiv > 30

Variasjoner i skjeerfasthet 0g
presentasjon av maledata

Udrenert skjeerfasthet er avhengig av bruddflatens
retning ift. hovedspenningenes retning in-situ.
Udrenert skjeerfasthet fra alle spenningsomrader
(aktivt-, direkte- og passivt spenningsomrade) kan
evalueres med forsgk listet opp i Tabell 6.

| tillegg til & male varierte materialegenskaper vil
bestemmelser av den samme parameteren ha en
viss spredning pa grunn av de ulike forsgkstypene.

Resultater fra enkelte forsgk kan veere pavirket av
flere faktorer (som f.eks. steininnhold eller interne
sprekker i prgvebiten).

Ved visuell presentasjon av maleresultater plottes
alle typer forsgk pa samme figur, med én
malestokk for skjeerfastheten Cu. Forsgkstypen
oppgis med symbol pa figuren.

Ved sammenstilling av laboratoriedata utfgres
ingen korrigering for anisotropi.

7

% Prgvelagring

Hvis laboratorieforsgk ikke utfgres umiddelbart
etter ankomst til laboratoriet, blir pravene lagret i et
eget kjglerom.

Kjglerommet har lufttemperatur pa ca. 5°C.
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Total sounding

Equipment:

Presentation:

@ 57 mm drill bit with non-return valve.
@ 44 mm drill rods.

Without hydraulic hammer: Constant rotation 25 revs/min.

Penetration 3 m/min.

If possible, drilling is performed without flushing water.

If further penetration is not possible, flushing with water is used.

If penetration again is stopped, the rotation speed may be increased
before hydraulic percussion hammer is used.

With hydraulic hammer: Constant rotation 75 revs/min.

With water flushing and percussion.

Hatched areas in separate columns indicate depth intervals where water
flushing and percussion drilling is used.

Graphs for penetration thrust, penetration time and flushing pressure.
X in separate column indicates increased rotation speed.

Bedrock level indicated with separate symbol.

Penetration time

Hatch marking use of flushing and
percussion

Penetration
thrust Registration of assumed rock/block
i Afslen
; 4 = Cross at depths where
S V> — kK .~ increased rotation has been
1 — g used
10 ; | 3 ‘j‘z
Flushing - 500 300 200 00 E,E 5 10 20 30
pressure " — Borfid, s/m =5 iy M
1 2 3 &7
Spylefrykk, MPa
Bedrock
Smeaheia Site Preparation - Study
Equinor ASA Norconsult 4%
Total sounding Definitions — Procedures and Presentation 0 —
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