


Sang loc dia chat cho phat trién dién gié
ngoai khoi trong vung bién Dan Mach

Thomas Vangkilde-Pedersen

Cuc Khdo sat Dia chat Quoc gia Pan Mach va Greenland,
Phong DPia chat Bién va Dat gan bé mat - SURFACE
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GEUS la kho lwu tri¥ lich s dia
chat cia Pan Mach va Greenland

GEUS cung cap ban d6 dia chat, mé hinh dja chat 3D va
quan ly co s& dit liéu dia chat quoc gia:

Co s& di liéu 16 khoan Jupiter
Co s& dit liéu dia vat ly ndong Gerda
Co s& dit liéu nguyén vat liéu bién Marta

Co s& dif liéu sdu dudi long dat cha Dan Mach

B Co s& dit liéu dudi long dat Greenland




Hoat dong cua GEUS trong
cac dw an dién gio ngoai khoii

* Chung tbi thue hién khdo sat dia vat ly vé dia chat day
bién va [ap ban d6 mdi trwdng va mdi trudng séng
dudi déy bién

* Chung t6i thyc hién cac chuong trinh sang loc va lap
ban d6 dia chat téng thé quy mé Ién

* Chung t6i thuc hién nghién ctru tai liéu dia chat vé cac
dia diém trang trai dién gidé ngoai khoi dwoc quy hoach

* Cac nghién clru tai liéu duoc st dung hiéu qua lam
khung dia chat cho céc cudc diéu tra va khdo sat dia
diém chi tiét tiép theo

pgaisé RAPION 3¢
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Pan Mach c6 ké hoach mé rong quy mo Ién di
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Cong suat dién gio ngoai khoi hién tai la 2,3 GW

P3 quyét dinh va dau thau 1,35 GW
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Eksisterende havvindmalleparker
Under etablering

Nye udbud
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tierriios Ny Quy hoach khéng gian bién cia Pan Mach — cac khu vyc nang lugng
tai tao ngoai khoi
SISISSEREE Energie Bornholm Ngudn: Cuc Hang héi Ban Mach
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K& hoach tang thém 9 GW vao nam 2030

Dén ndm 2030 s& c6 khoang 12,5 GW dién o
gio ngoai khoi &
e GEUS

«i}; ® Danish Energy
o Agency



Mo rong quy mo lé'n va quy hoach khong gian

Quy hoach phat trién dién gi6é ngoai khoi — va dam bao phl hop vai tat X7 V7
ca cdc lgi ich khong gian khac —ludn la thach thirc ¢ W\

Phat trién dién gié ngoai khoi quy mé I&n lam tang thach thic gap nhiéu
lan

* An toan va ti€ép cin hang hai

* Qubc phong — khu vire tap tran quan su va vung phu séng radar

“ Ngubn: Cuc Hang hdi Ban Mach
* Thién nhién va moi trwvong i
*  Panh bat cd thuong mai

e Khai thac nguyén vat liéu tho

e Cdapvaduong 6ng

o » GEUS
...... va dia chat!



Sang loc dia chat tong thé dé tranh lwa chon cac khu vure trang trai dién gid co dia

M& rong quy mo I&n tir géc do dia chat

chat khéng phu hop
* Budc quan trong trong quy hoach khdng gian bién
 Can trién khai tir sém

* M6t s6 vi du trude day vé vj tri chuwa phu hop

Nghién clru tai liéu dja chat chi tiét dugc thuc hién sém trong giai doan

l4p ké hoach

e Dua trén di¥ liéu hién co

* Khéng ton kém nhuwng rat hiéu qua

S dung khung dia chat tir sang loc téng thé

Khao sat dia diém chi tiét trudc khi dau thau

Tén kém nhuwng quan trong

S dung khung dia chat tir sang loc tong thé

S dung két qua nghién ctru tai liéu dia chat

Buwdc quan trong dé cac don vi phat trién dy 4n nam duoc mirc do
phirc tap cla dia chat

Buwdc quan trong dé cac don vi phat trién du an nam duoc kha nang
dy dodn cla dia chat

—— Geotechni

— =
/Subsurface stratigraphy.& sedimentology —

. e . \ \ == ~
1. Sitelevaluation=~ = 7w =~

Velenturf va céng sw, 2021: Cdc gidi phdp khoa hoc dia chét dé
phat trién dién gid ngoai khoi bén virng. Hiép héi dia chét London.
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Sang loc dia ché'_t cho cac trang trai dién gi6 ngoai kho'i
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Tang cwong dir liéu dia chat -
' cho dién gio ngoai khoi

Cuc Nang lwvong Pan Mach (DEA)
Sang loc va lap ban d6 d6 nhay

Giai doan: Gitta ndm 2022 — ~
gilra nam 2025
Ngéan sach: 3,5 triéu USD

Ban d6 dia chat cia GEUS cung cap
thong tin dau vao cho dy an cia DEA
vé “Sang loc va |ap ban d6 méi
trwong vé tiém nang dién gid ngoai
khoi & Dan Mach” do NIRAS, Pai hoc
Aarhus DCE va DTU Vind thuwc hién
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Thomas Vangkilde-Pedersen, Niels Ngrgaard-Pedersen, Nicklas Christensen, Lara F. Perez, Lis Allaart, Jargen Overgaard Leth, Luna Holland Winther, Sunny Singhroha, Rasmus @rnekoll Stenshgj, Ole Bennike,
Henrik Jgnsson Granat, Lars-Georg Rédel, Sigurd Bagelund Andersen, Lisbeth Lyngkjaer Pedersen, Lars @bro Hansen, Mikkel Skovgaard Andersen, Katrine Elnegaard Hansen, Jgrn Bo Jensen G E U S
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Cuc Khdo sdt Bja chdt quéc gia Dan Mach va Greenland, Phong Dja chét Bién va Dat gén bé mdt - SURFACE



Muc tiéu chung va muc tiéu cu thé

Muc tiéu chung cta dw an 1a 13p ban d6 cac don vi dia chat cé kha nang tac déng dén viéc xay
dwng cac trang trai dién gié ngoai khoi nham xac dinh cac khu vuc phu hop/khong phu hop vé
mat dia chat.

Muc tiéu cu thé cha dv an la:

v

v

AN

Thuwc hién nghién clru tai liéu vé dit liéu dja chat hién cé dé danh gid nhu cau vé dir liéu madi (va
tot hon)

Thu thap di¥ liéu dia chan mé&i dé 1ap ban d6 cac don vi dia chat c¢é y nghia dia k§ thuat tiém
nang cho cac cong trinh trang trai dién gié ngoai khoi

Mua cac 16 khoan 16i rung méi (va CPT) dé ho tro danh gia cac diéu kién dia chat cla di liéu dia
chan

Thiét 1ap cdc mé hinh dia chat ly thuyét dwa trén kién thirc hién cé cho cac khu vuc [ap ban d6
khac nhau lam co s& cho viéc sang loc/lap ban d6 dia chat

Xay dwng ban d6 don vi dia chat déng vai tro quan trong doi vdi cac cong trinh trang trai dién
gio ngoai khoi

Xac dinh cac khu vwe phu hop/khéng phu hop vé mat dia chat

Xac dinh cac khu vuc bién c6 loi ich khao c6 hoc dudi nwdce tiém ndng

Dia chat va d6 sau cua dédy
bién 13 nhitng yéu t6 quan

trong nhat quyét dinh tong
chi phi xay dung céc trang

trai dién gidé ngoai khoi

.

- Geotechnical characterisation

\\ S ——

s /fubiu@:e st@graphy & sedimentology -

1. Sitelevaltation=~ - =/~ ~— =

Geophysical sueys

Bathymetry
& sediment
mobility

Geophysical
interpretation

Geotechnical
interpretation

Velenturf va céng su, 2021: Gidi phdp khoa hoc dia chét dé
phdt trién dién gié ngodi khoi bén vitng. Hiép héi dia chét London.




Mat

do dir liéu hién

y 4 \

c6 va thu thap dir lieu moi

Danish EEZ
~ Habitat area
. Marine strategic area

HEH Lines sailed (2022 and 2023)
% Vibrocores (2023)

% CPTs(2023)
High
Data density
Projection:
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Dia chan d6 phan giai cuc cao (UHRS) - Thiét bi

% F .

|
Hé théng dia
c{’a’n phéng di /

* Hé thong dia chan phéng dién (sparker) Geo-
Source 200 & 400 J

* Cap thu chan déng don kénh Geo-Sense 8

* Cap thu chdn dong da kénh Geo-Eel LH 16 (100 m,
96 ch. Nam 2022 / 50 m, 48 ch. 2023)

* Mady do dia tang day trung binh Innomar SES 2000

* Sonar quét bén va da tia EdgeTech 6205

* BO lay 16i rung 6 m MED-C VC(VKG)-6

* Thiét bj thir nghiém xuyén tinh (CPT) GOST dia ky
thuat

Man hinh hién thj da kénh

-

B lay 16i rung

7
e

Cau Fortuna

Cap thu chan /f\\
dong da kénh | A t\ /' Neun dia chdn  _ ‘

1 B phéng dién | Cap thu chan déng Y,
N da kénh i (%4

Tau khdo sat do FOGA cung cép

A\ \ — HI == Tan s6 tin hiéu 200 — 1200 Hz

| - ' ‘ ' I TR " IR Y " Senns Tan s6 chd yéu 600 - 700 Hz
; [ il S > = : \ * Do phan gidi doc <30 cm
s { T ATR \ n & B i * DO xuyén thau |én téi 100 - 300 m GEUS

Dt liéu dia chan 7780 km, 168 b6 lay 16i rung va 2 CPT



Dit liéu dia chan phéng dién do'n kénh va da kénh (Kattegat)

P xtr Iy dit liéu dia
chan phong dién don
kénh

Time (ms)

)
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Xt ly dit liéu dia chan
phong dién da kénh kem
két qua phan tich, danh
gid

Time (ms)

Time (ms)
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Vi du vé di¥ liéu bd lay 16i rung

AS-CPT-03; DGU 561125.66; 32, 624399, 6234436; WD: 21.6 m | VN-67; DGU 550609.10; 32, 316346, 6172492; WD: 46.6 m
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L1 1 I T N 111 I T
[72) 0-75 cm: silty very fine-grained _sand
T 2.5Y 5/1 grey +, Macoma, Cardium
0-240 cm: fine-grained sand
2.5Y 5/1 grey +
%) Turritella, Dosinia, Buccinum, Cardium
T
75-295 cm: medium-grained sand
w 2.5Y 5/1 grey +, Spisula
T
o 240-251 cm: peat-like sediment +
o 2 5Y 4/2 dark greyish-brown @ 10281 cal. years BP
Betula, Populus, Corylus, Najas
HS -[ 295-322 cm: very fine-grained sand and silt
251-440 cm: clay
some roots in upper part QG ] ®>50000 cal. years BP
6 a few small pebbles 322-333 cm: gravel, Astarte
upper part: 2.5Y 6/1 grey +
lower part: 2.5Y 5/3 light olive brown + 333440 em- silt, sand, gravel
w 2.5Y 5/2 greyish brown +
a scattered worn shells, Astarte, Arctica
=1 _ 440-478 cm: silt and very fine-grained sand
o 2 5Y 5/2 greyish brown +
w 478-536 cm: medium- and coarse-grained
=] sand; 2.5Y 5/1 grey +

Kattegat

- A 536-580 cm: sandy till
2 .5Y 5/2 greyish brown +
clay, silt, sand and some granules

>
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Cac loai tram tich va y nghia vé mat dia ky thuat

Loai trAm tich Piéu kién/tha rc di thuat then chét
Khéng 4p dung
Pat sét bién/bun mém Do bén dia k§ thuat thap

D6 nén cao, d6 bén dia k§ thuat thap
Cat song bang Khong ap dung

PAat sét ho bang DO bén dia k§ thuat thap néu khéng qua cd két do trong lwong clha |dp bang

Thudng xuyén, nhung khdng phai lic nao cling qud c6 két, cé thé khdng dong nhat,
Pat sét/dat boi tich chira cac tram tich thé tich tu lai sau x6i mon, da tdng va céc phién tram tich cii bi v&
va xé dich

. . . Cé6 thé khéng déng nhat véi ca tram tich bang ha va khdng bang ha, nhirng khac biét
Tram tICh thung Iung b! Ve ~n A Y A A ’ "~ N . ~ Y A . ~ x ~
hén vii dang ké vé thanh phan tram tich trén swon dia chat va trong tang dia chat dan dén
chén vui o an il e L el A
nhitng thay doi vé dac tinh dia k{ thuat

. e e . Céc 1op thudrng déc dirng va phan 16p xen k& nhau, cé thé xuat hién cac phién tram
Tram tich bién doi do bang

. tich cii bj v& va xé dich, cé thé din dén nhitng thay déi dot ngdt vé dic tinh dia k¥
a

thuat

e C6 thé phun trao khi khoan 18y mau tram tich va xay dung ha tang, cé thé gay ra hién
Khi hoac chat long trong . s ) .. . N o i L
tuwgng mat dit liéu phan xa dia chan, gay khé khan cho viéc phan tich cac don vi dia

tram tich o .
chat bén dudi

Trong lvgng cla I&p bang hodc ap suat khong khi va tinh trang khé han cé thé khién

Tram tich qua cé két

tram tich bi nén chat, gdy khoé khan cho hoat ddng thir nghiém va xay dung

Thuong cé d6 bén dia ki thuat cao, c6 nguy co gy rdi ro, cling ¢ thé bi phong hda
v3i cudng d6 thap hon tai Idp giao vai tram tich Dé t&

M@t phén duwa trén tai liéu cda Velenturf va cong su, 2021

Khéng phu hop néu day

Khong phu hop
Phu hop

Khong phu hop néu day

Cé thé gay rui ro

Cé6 thé gay ruiro

Cé thé gay rui ro

Cé6 thé gay ruiro

Cé6 thé gay rui ro

Cé6 thé gay ruiro
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Do day cda tram tich mém dia

_ 7 / \ ky thuat tiém nang
Nam Ka ttegat / \ . ’ \l’
Trang trai dién gi6 ngdai \ . e
khoi Anholt / .
\ 5-10
/ -""-.i . 10- 20
/ .'
Yy, .'I 20-30 ®
. / ;'II 30 - 40
Khu vure trang trai dién gio . |"' . 1o- 50
Hesselg trwdc day .
L Above 50
Kattegat geologisk profil

20 30 40km «L}‘
GEUS

k 0 10
l: Holocaen marin I: Holoceen brak til fersk - Tidlig Holocaen transgression - Senglacialt marint
- Praekvarteere lag

- Smeltevands - Moraene
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Nam Kattegat
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5 Holocene sandy marine deposits Late glacial silt and clay

&9 [ Holocene gyttja B Glaciofluvial deposits

g =1 Lagoon deposits B Overconsolidated layers with glaciotechtonics

I Danian limestone
| Upper Cretaceous chalk and lower Cretaceous sand- and mudstone [/Faults
- Jurassic sand- and mudstone

Do day cla tram tich mém dia

thuat tiém nang
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Do day clia tram tich chua co két
thoi ky Bang ha muodn (m)
Blo0-2
-5
Bl 5-10
Bl 10-20
20 - 30
130-40
I 40 - 50
Bl >50
RX¥ C6thé hon50m
Can thém dit liéu va théng tin




Do day clia tram tich chua co két
thoi ky Holocene (m)
Elo-2
Bl 2-5
Bl 5-10
B 10 - 20
7 20 - 30
130-40
I 40 - 50
B >50
Can thém di¥ liéu va théng tin




Tong bé day ctia tram tich chuwa
co két (m)

BNo-2

-5

Bl 5-10

B 10-20

I 20 - 30

. 30-40

B 40 - 50

B >50

B €6 thé hon 50 m

Can thém dit liéu va théng tin
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D6 day cda trdm tich mém

71 1

0-20 m, khéng gay rdi ro

20-40 m, ¢ tiém nang gy rui ro
> 40 m, c6 thé gay rdiro

Can thém dit liéu va théng tin

100 200 km o




D6 day cda trdm tich mém

Al

0-20 m, khéng gay rui ro

20-40 m, ¢ tiém nang gay rdi ro

> 40 m, 6 thé gay ruiro

Can thém dit liéu va théng tin

Cac tuyén dia chan da duoc giai doan (56,388 km)

100 200 km

GEUS



Gia tri gia tang - Két luan

Viéc sang loc dia chat cung cap:
e D liéu dia chdn mdi va tot hon
* Tap trung vao lap ban d6é tdng thé cac don vi dia chat quan trong cho phat trién dién gié ngoai khoi

« Tap trung vao tudi dia chat (dia tang), lich s&r tram tich va méi trudng, 1a théng sé quan trong dé danh gid ban dau cac dac
tinh dia k¥ thuat va cho cac khao sat chi tiét sau nay

e Co sé virng chac (va can thiét) cho cac nghién clru tai liéu sang loc chi tiét hon trwdc khi lya chon cac khu vue xay dwng trang
trai dién gio

e Cung vdi cdc nghién clru sang loc chi tiét hon, tao co s& va khung dia chat cho viéc khao sat dja diém chi tiét sau nay truwdc khi
d4au thau (cach ti€p can thanh cong trong mot sé trwong hop)

«  T6ng quan vé cac khu vire khong phu hop 13m véi dién gid ngoai khoi tir goc d6 dia chat hodc dia chat phirc tap hon (quan
trong doi véi ch dau tu dé nam dugc do phirc tap va khd ndng dy doan cla dia chat!)

Viéc sang loc dia chat khéng cung cap:

e V@i khodng cach 5-10 km gilra cic tuyén dija chdn & mot s6 khu viuee, day 1a ban d6 dja chat rat téng thé va so bé.

* Van con nhi*ng khu vure cé mirc dd bao pht dit liéu thap hodc khdng cé di liéu, vi du nhw cac khu viee méi trudng séng

* Khoéng |ap ban d6 chi tiét cac don vj va dac tinh dia ky thuat

Cac dw an nghién ctru ho tro: 0

« Dy an NOARG (Thung lling dwdng ham & Bién Bac - Cau tao, ngudn goc va dy bao, Trung tam dit liéu dia chat Dan Mach) &

¢ Dy an WINDFARM (H6 tro quy hoach ha tang dién gié, EUDP) GEUS
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