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Toém tit

Xay dung mo hinh dia chit ba chiéu (3D) cho cac tang tram tich néng dudi day bién 13 bude
quan trong trong khao sat dia k¥ thuat phuc vu phat trién dién gi6 ngoai khoi. M6 hinh nay giup
tai hién cu trac va dic diém dia chat, cung cép co sO tin cdy dé danh gia diéu kién nén mong va
phat hién cac di thudng tiém 4n nhu hé sut, tai khi hay d6i bun yéu. Thong qua viée tich hop dit
liéu dia chan nong, giéng khoan, miu 18i va thi nghiém CPTu, mo hinh 3D vira nang cao d6 chinh
xac cua phan tich dia ky thuat cong trinh bién vira gop phan tbi uu hoa chi phi va thoi gian khao
sat. Pay ciing 1a ngudn dir liéu dau vao quan trong cho thiét ké nen mong, m6 phong ky thuét va
danh gia rui ro, tir 46 nang cao hiéu qua dau tu va dam bao phat trién bén virng. Bai bao trinh bay
phuong phap nghién ctru va quy trinh tich hop da ngudn dir liéu nhiam xac dinh cau trac, dic diém
thach hoc va su bién doi khong gian cta tram tich nong. Quy trinh nay két hop dia chan dia tang
voi dir ligu thye dia gitp tai hién chinh xac sy phan b6 tram tich va ranh gidi dia chat. Két qua
nghién ctru khang dinh tich hop da nguén dir liéu vao mo hinh 3D giup nang cao do tin cdy, giam
thiéu rui ro va hd trg lya chon giai phap nén mong tdi wu, qua d6 gop phan giam chi phi, ting an
toan va thiic ddy phat trién bén viing dién gié ngoai khoi.

Tir khéa: M6 hinh dia chét 3D; Dia ky thuét; M6 hinh hoa; Nén mong cong trinh; Pién gid
ngoai khoi.

1. Pit van dé

Viét Nam, v6i duong bo bién dai hon 3.200 km va tiém ning gié doi dao, dugc danh gia la
mot trong nhitng qudc gia c6 loi thé ddc biét trong phat trién ning lwong gid ngoai khoi. Tuy nhién,
sur thanh cong cua cac du an dién gid ngoai khoi phu thudc khoéng chi vao ngudn gio, cong nghé
turbine hay diéu kién hai duong, ma con gin lién chit ché v6i hiéu biét day du va chinh xac vé
diéu kién dja chit - dia k¥ thuat ctia khu vuc trién khai.

Tang tram tich nong dudi day bién dong vai tro quyét dinh dén su 6n dinh va tudi tho cong
trinh. Pay 1a moi truong phuc tap, chiu tac dong manh mé cia qua trinh kién tao, x6i 16 - boi tu va
dong luc tram tich, nén c6 thé chtra nhiéu di thudng dia chat nhu hd sut, d6i bun chay, thi khi, 16p
tram tich yéu hodc ranh giéi phan 16p phirc tap. Nhitng yéu t6 nay néu khong duoc nhan dién va
danh gia chinh x4c c6 thé din dén nhiing rui ro nghiém trong trong thiét ké nén méng turbine gio,
lam gia tang chi phi xay dung, giam hi¢u qua khai thac, tham chi gay mét an toan trong qua trinh
véan hanh. Trudc day, cong tac khao sat dia ky thuat thuong dua chu yéu vao dir liéu giéng khoan,
mau 151 va thi nghiém tai chd (CPT, CPTu). Mic du cung cap thong tin chi tiét tai tirng diém, cac
phuong phap nay lai mang tinh cuc b va khé phan anh duoc tinh bién d6i khong gian cua dia
tang. Trong khi d6, dit liéu dia chan nong phan giai cao c6 thé cho hinh anh lién tuc theo mit cat
nhung thuong cin duoc hiéu chinh bﬁng dir liéu thuc dia dé tang do tin cay. Do do, viéc tich hop
da ngudn dir liéu trong mot mo hinh thdng nhat 1a yéu cau tit yéu nhim dam bao tinh toan dién
trong phan tich dia k¥ thuat phuc vu phat trién dién gi6 ngoai khoi.

Mb hinh dia chét ba chiéu (3D) dugc xem la cong cy hd trg hitu hidu dé giai quyét thach thirc
nay. Khac vdi cac phuong phap truyén thong, mo hinh 3D cho phép két hop dong bd cac loai dix
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li¢ukhac nhau turdia chan, gleng khoan, mau 15i dén thi nghiém CPTU trong cung mét khong gian
s6. Nho do, cau trac dia chat, dic diém thach hoc va su bién ddi cua cac tang tram tich nong co
thé dugc tai hién truc quan va chinh xac hon. M6 hinh 3D khong chi hd trg nhan dién ranh gidi
dia tAng va cac di thuong tiém 4n ma con 1a dir liéu dau vao quan trong cho cac budc tiép theo,
bao gom thiét ké nén mong, phén tich twong tac dit cong trinh, mé phong ki thuat va danh gia rai
ro. Bén canh gia tri khoa hoc, mé hinh dia chat 3D con c6 ¥ nghia vé kinh té, ki thuat rd rét. Thir
nhat n6 gitp téi wu hda chuong trinh khao sat, giam thleu s6 luong giéng khoan hodc thi nghiém
can thiét nho tan dung hiéu qua dir liéu hién co; tir do tiét kiém chi phi va thoi gian. Th hai, mo
hinh tao co s dé dua ra quyét dinh chinh xac hon trong Iwa chon vi tri 1ap dat turbine va thiétké
mong, giam thiéu rui ro trong thi cong va van hanh. Thir ba, bing viéc truc quan hoa cac diéu kién
nén moéng va nguy co dia chit, mé hinh 3D gilip nang cao tinh minh bach, tao thuén lgi cho qua
trinh phé duyét du an ciing nhu thu hat dau tu.

O Viét Nam, mdc du tiém nang dién gio ngoai khoi rat 160, nhung nghién ctru vé& mo hinh dia
chat 3D cho tang trim tich néng van con han ché, chu yéu méi tap trung & mirc do khao satdonl¢
hodc phan tich cuc bd. Do vy, viéc phat trién mot quy trinh tich hop dir liéu da ngudn dé xay dung
mo hinh dia chat 3D cho khu vye ven bién, dic biét tai mién Trung va Nam B9, noi c¢6 nhiéu du
an dién gi6 dang duoc trién khai c6 ¥ nghia ca vé khoa hoc va thuc tién.

Xuét phét tir boi canh trén, bai bao nay nham trlnh bay phuong phap nghién ciru va dé xuat
moét quy trinh xay dung m6 hinh dia chat 3D cho céc tang tram tich nong dudi day bién. Quy trinh
nay tich hop dong bd dit 1iéu dia chan nong phan giai cao, tai li¢u dia cht, giéng khoan, mau 161
va két qua thi nghiém CPTU dé xac dinh céu trac, dac diém thach hoc va su bién ddi khong gian
ctia tram tich nong. Két qua mé hinh hoa 3D khong chi gbp phan nang cao do tin cdy cua phan
tich dia k¥ thuat ma con ho trg danh gia diéu kién nén mong, nhan dién nguy co dia chét, lua chon
giai phap thiét ké hop 1y, giam chi phi va ting cudng d6 an toan cho cac du an dién gid ngoai khoi.

Trong nhirng nim gin day, viéc xdy dung mo hinh dia chit ba chiéu (3D) cho céc tang tram
tich néng dudi day bién phuc vu thiét ké mong turbine dién gi6 ngoai khoi da dugce quan tim nhiéu
trong cac nghién ctru trong nude va qudc té. O chau Au, nhiéu du 4n tai Bién Béc va Bién Ireland
da phat trién mé hinh dia chat 3D tich hop dir 1iéu dia chin, khoan, CPT(U) va dja vat 1y, cho phép
phan dinh chinh xac cac don vi trAm tich, nhan dién cac dic trung dia chét nguy co, tr d6 giam
thiéu rui ro trong thiét ké va thi cong mong turbine (Dimmock et al., 2025; Sauvin et al., 2025;
Peng et al., 2024). Nghién ciru tai khu vuc Sorlige Nordsje II (Na Uy) ciing cho thiy viéc két hop
dit liéu dja chan 2D/3D vé&i mau 16i da mang lai hi€u qua trong viéc xay dung mo hinh khai niém
dia chat phuc vu thiét ké mong turbine (Petrie et al., 2022).

O Viét Nam, mic do con han ché vé sb lugng nghién ctru, maot sb cong trinh da budc dau ap
dung mé hinh dia chit va dja mao 3D tai khu vyc Binh Thuan dé nhan dién cac ddc trung nhu gon
cat, dut giy nong va 16 hong khi - cac yéu té c6 thé anh hudng 16n dén 6n dinh moéng turbine va
tuyén cap (Bui et al., 2024; Nguyén Dinh Hai va nnk. , 2023). Ngoai ra, nghién ctru tai khu vire
ven bién Bac Liéu da sir dung dia chin phan xa nong de phan tich tram tich Holocene, cung cap
dir liéu quan trong cho quy hoach dién gi6 gan bo (Nguyen et al., 2025). Nhin chung, cac két qua
nghién ctru nay khang dinh vai tro then chdt cia mo hinh dia chat 3D trong viéc danh gia diéu kién
nén moéng, ti wu thiét ké va dam bao an toan cho phat trién céc trang trai dién gi6 ngoai khoi.

Khéc v6i cong trinh trén bo, tuabin gio ngoai khoi phai d6i miat voi tai trong dong phirc tap
do gi6 manh, séng 1on, dong chay va béo, cung vo1 sy &n mon khic nghiét ciia méi truong bién,
nén nén mong khong chi can chju lic tinh ma con phai chdng lai cac tac dong dong hoc lip di 1ip
lai trong thoi gian dai. Lya chon loai mong (monopile, jacket, suction bucket, gravity-based hay
floating) phu thudc truc tiép vao diéu kién dia chét va do sdu nudc tai vi tri x@y dung, trong d6 chi
phi nén méng co thé chiém t&i 30-40% tong chi phi du an, anh hu6ng truc tiép den hiéu qua kinh
té. Mot nén mong duoc thiét ké va thi cong tdi rru s& gitp cong trinh van hanh 6n dinh, keo dai
tudi tho 20-30 nam, dong thoi giam thiéu chi phi bao tri va rui ro hong héc, trong khi sy ¢d nén
mong sé& gy ra ton that tai chinh nghiém trong do viéc sira chita dudi bién rat phtrc tap va ton kém.
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Trong qua trinh thiét ké, viéc mé hinh hoa nén mong day bién tro thanh budc khong thé thiéu
nham danh gia kha ning chiu tai cia dat, d6 6n dinh ciia méng va twong tac dat - két ciu dudi cac
diéu kién moi trudng khic nghiét. Dc biét, mo hinh dia chat va dia ky thuat tich hop 3D mang lai
gia tri vuot trdi so voi cac phuong phap truyén thong. V&i kha nang tai hién chi tiét cdu trac dia
tang, dic tinh co hoc cua timg 16p dét da, cling nhu sy bién thién theo chleu sdu va mit bang, mo
hinh 3D gitp k¥ su c¢6 cai nhin toan dién hon vé diéu kién nén méng thuc té. TAm quan trong cta
md hinh 3D thé hi¢n ¢ nhiéu khia canh nhu:

- Ho tro lya chon loai mong phu hop (monopile, jacket, suction bucket, hay gravity-based),
tly thudc vao dic tinh dia cht tai vi tri cu thé;

M6 hinh 3D cho phép xac dinh kich thuéc, do sau chon lép, va cac thong s6 thiét ké tdi uu
nhim dat dugc su can béng gitra d§ an toan va chi phi dau tu;

- Gitip du bao cac nguy co tiém an nhu ltn khong déu, truot hodc x6i 16 nén moéng dudi tac
dong ciia song, dong chay va gio bio. Ngoai ra, viéc sir dung mé hinh con gop phan giam thiéu
chi phi khao sat thuc dia, nho vao kha nang tich hgp va phan tich dir liéu dia chat, dia vat ly, dia
k¥ thuat trong mot hé théng dong bo.

Chinh vi vay, nghién ctru k¥ diéu kién dia chét, lua chon giai phap méng hop ly va ing dung
cac cong cu md hinh hoa hién dai, dic biét 1a mé hinh dia chat, dia k¥ thuat 3D, 1a yeu tb then chot
bao dam su thanh cong va bén ving ciia cac du an dién gié ngoai khoi. C6 thé khang dinh rang,
viéc xdy dung mo hinh dia ky thuat 3D khong chi don thuén phuc vu muc dich phan tich ma con
1a cong cu ra quyét dinh chién luge trong thiét ké va trién khai dy an dién gi6 ngoai khoi. N6 giup
néng cao do tin cdy cua thiét ké, toi uvu hoa chi phi xay dung, rit ngin thoi gian trién khai va keo
dai tudi tho cong trinh. Trong bdi canh cac du an dién gié ngoai khoi ngay cang mé rong vé quy
mo va dich chuyén ra cac vung bién sau hon, noi diéu kién moi truong khéc nghiét hon, vai tro
ctia mo hinh dia chat va dia k¥ thuat 3D cang tré nén quan trong va mang tinh quyét dinh dén sy
thanh cong cua toan bo du an.

Muc tiéu cua nghlen clru nay la xay dung quy trinh mo hinh dia chat 3D cho cac ting tram tich
nong dudi day bién nham phuc vu viée phat trién cac trang trai dién gio ngoai khoi ciia Viét Nam.

2. Co s 1y thuyét va phwong phap nghién ciru

Mo hinh dia chét 3D la mét cong cu s6 hoa thé hién cdu trac khong gian ba chiéu ctia cac lop
tram tich va dia tang duoi day | bién, dong vai trd quan trong trong viéc danh gia diéu kién nén
mong, thiét ké hé thong cap ngdm va dam bao an toan dia k¥ thuét cho céac du an dién gié ngoai
khoi. Co s¢ ly thuyet cua qua trinh xdy dung m6 hinh nay dya trén nguyén tac tich hop da ngudn
dir liéu dia chit, dia vat 1y va dia k§ thuét theo phuong phap tiép can dia chat, khong gian
(geospatial-geological integration). Trong d6, dir liéu dia chdn néng tin sb cao (high-resolution
seismic), dit liéu khoan mau 18i (borehole/core data), khao sat dja vat 1y day bién (sub-bottom
profiler, side-scan sonar, multibeam bathymetry) va két qua thi nghiém trong phong/ngoai hién
truong (CPT, SPT, shear test) dugc xem la nén tang dé x@y dung khung dia tang (stratigraphic
framework) ciing nhu déc trung co hoc ciia nén dat. Chi tiét dugc thé hién nhu trong Hinh 1.

Vé phuong phap luan, mé hinh dia chat 3D thuong dugc xay dung théng qua cac budc chinh:

- Thu thdp va phan tich s6 liéu dau vao: Bao gom céc tai liéu dia chét, kién tao, dia chén, moi
truong tram tich, dia vat ly gieng khoan, dia k¥ thuat, dia thong ké. Hinh 1.

- M6 hinh hoa cau triic (structural modelling): Bé mit cac ranh gidi dia tang dwoc ndi suy tir
dir liéu dia chan va khoan.

- M6 hinh hoa tmh chat (property modellzng) Céc tham sb dia ky thuat va dia vat ly (su:c
khang xuyén, d6 bén cit, do rong, van toc song dia chan) dugc phén b trong khong gian 3D bang

cac k¥ thuat mé phong ngiu nhién (stochastic simulation) hodc déng bién thién véi dir liéu dia
chan (co-kriging).
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- Hiéu qhinh moé hinh: Mo hinh duoc hiéq chinh va kiém dinh thong qua so sanh véi dir liéu
thuc do, nham dam bao dg tin cay cho thiét ké k¥ thuat.

Dia k¥ thuat CPTu

M6i trirérng trAm tich
Hinh 1. M6 hinh dia chat 3D va cac dit lidu ciia mé hinh dia chat (Schlumberger, 2020)

Mot yéu té cdt 161 khac trong xdy dung mé hinh d6 1a su két hop gitta dia chit tram tich hoc
va dia mao day bién. Cac mé hinh 3D khong chi phan anh phan bd thach hoc ma con phai tich hop
cac yéu tb dia hinh day bién (sandwaves, channel fill, gas pockets, buried valleys), von anh huong
manh dén sy 6n dinh cua mong turbine va tuyén cap ngam. Bang cach sir dung mo hinh dia chit
3D, céc nha thiét ké co the nhan dién som cac nguy co dia ky thuat (geohazards) nhu khi nong,
x0i 16 cuc bd, ving dét yéu hay cac 16p tram tich khong 6n dinh, tir 46 dé xudt giai phap tbi wu cho
bb tri turbine, neo moéng va chén 1ap cap.

Xét & goc do 1y thuyét, mo hinh dia chat 3D con duoc coi 1a nén tang cho cac phén tich trong
tac thuy dong luc, dia chat (hydro-geological in‘geraction) vamo phong so da trudong (multi-physics
simulation). Vi duy, khi két hop m6 hinh dia chat voi mé hinh thuy dong luc hoc, c6 thé danh gia
tac dong 1au dai cua song va dong chay dén bién ddi dia hinh day bién, tir 46 du bao tudi tho cong
trinh. Ngoai ra, cling c6 thé tng dung tri tué nhén tao va hoc may (machine learning) dé tu dong
phan loai dia tang, nhan dang di thuong va t6i wu hoa md hinh.

Dé mé hinh hoa ciu triic c¢6 thé st dung nhiéu phuong phap khac nhau nhu: Phuong phap
Kriging, Inverse Distance Weighting (IDW) hay cac ky thuat n6i suy dia thong ké khac thuong
dugc ap dung dé mo6 ta sy bién thién khong gian cua cac bé mat nay (Peng et al., 2024; Michel et
al., 2025; Wang et al., 2025). "ljrong s0 cac phuong phap ndi suy, k¥ thuat Kriging dugc lya chon
do kha nang mo ta chinh xdc cau trac khong gian thong qua variogram. Ordinary Kriging, voi cac
mo hinh variogram dang cau (spherical) hodc ham mi (exponential), dugc ap dung dé udc luong
gia tri trung binh cing nhu sai s6 ndi suy tai tung diém, dong thoi xét den tinh di hudng
(anisotropy) - yéu té dic biét quan trong trong cac méi truong tram tich bién von chiu tac dong
manh mé€ cia dong chay va song.

Mot ndi dung khong thé thiéu 1 phan tich rui ro dia chat 1ién quan dén mong turbine. Céc rui
ro thuong gap bao gom:

- Xuyén chan dé (punch-through), xay ra khi tai trong méng vuot qua strc khang cit cua 16p
dat yéu phia dudi;

- Hoa long (liquefaction), dac biét nguy hiém trong cac 16p cat bdo hoa khi chiu tac dong rung
dong tir sobng hoac dong dat;

- Khi nong (shallow gas), thuong la methane tich tu trong cac 16p tram tich Holocene, giy
nguy co chay no;

- X6i mon mong, do dong chay bién lién tuc lam bién ddi hinh thai day bién quanh try mong.
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D¢ hién thuc héa cac mé hinh trén, nhiéu phan mém chuyén dung di duoc ap dung v&inhiing
vai tro bo tro 1an nhau. Cu thé, Petrel va Kingdom Suite dugc sir dung dé tich hop dir liéu dia vat
ly va dia chét, hd tro viéc xdy dung mé hinh dia chit 3D mét cach chinh x4c va toan dién. Trong
khi do, GS+ va ArcGIS 3D Analyst dong vai tro quan trong trong viéc ndi suy khong gian va truc
quan hoa mé hinh dia k¥ thuat, giup thé hién rd sy phan bd cac dic trung co 1y ciia nén dat.
MATLAB lai 13 cong cu hd tro manh mé cho viéc hiéu chinh variogram, phan tich tinh di huéng
va d4nh gia sai s6 ctia m6 hinh, dam bao co s khoa hoc virng chéc cho cac budc phan tich. Sy két
hop ddng bd cuia cac cong cu nay khong chi nang cao d¢ tin c@y va tinh chinh xac cia m6 hinh ma
con gép phan quan trong trong viée toi wu thiétké, giam thiéu rui ro va trién khai hidu qua cac du
an dién gio ngoai khoi.

3. Quy trinh xiy dung mé hinh dia chét 3D cho cac ting trim tich nong

Trong phét trién cac trang trai dién gié ngoai khoi, viéc hiéu biét chinh xac vé céu trac
dia chét va diéu kién nén mong dudi day bién 1a yéu té quyét dinh cho thiét ké mong, dinh vi
cap ngdm va dam bao an toan thi cong. Cac ting tram tich nong dudi day bién thuong co sy bién
thién khong gian phuc tap, chira cac di thuong dia chat nhu hd sut, tai khi hay ving bun yéu, do
d6 viéc khao sat truyén thong hai chiéu hodc dwa vao tung diém khoan don 1¢ kho phan 4nh toan
dién. Viéc tmg dung mé hinh dia chit 3D c6 thé giai quyét han ché nay, bang cach tich hop da
nguén dit liéu dja chat, dia vat ly va dia ky thuat dé tao ra mdt mod hinh téng thé, truc quan hoa
su phan bb khong gian ciia cic tang tram tich va dic tinh co 1y ciia chung. M6 hinh 3D khong
chi 1a cong cu hinh hoc ma con la co s¢ dir liéu dau vao cho céc phan tich k¥ thuat tiép theo, nhu
thiét ké nén mong, mo phong tuong tac thity dong luc - dia chét, danh gia rii ro va lap ké hoach
thi cong. Dé xay dung mo hinh ndy mot cach hé thdng, quy trinh thuong duoc trién khai theo
cac budce cu thé sau:

Burde 1: Thu thip va chuin héa dir liéu

Tién hanh thu thap va chudn hoa dir liéu (desktop study) tir cic ngudn cong khai (WB/ETP,
ENS, RVO), két qua ESIA/khao sat di cong bd, ban do va anh vé tinh, sau d6 chuin hoa hé toa d6
(CRS) va kiém soat chit lugng metadata. Dir liéu dau vao 1a nén tang ciia mé hinh 3D, bao gdm:

Dir liéu dja chan nong (high-resolution seismic) trong d6 thiét ké tuyén MBES, SSS,
SBP/UHR phu day toan khu vuc du kién bd tri tuabin, tram va cap, déng thoi b tri CPTu va
vibrocore theo ludi-transect déng nhat dé hiéu chinh dir 1iéu dia vat ly va xac dinh clu trac dia
tang va ranh gidi cac 16p tram tich.

Dt liéu khéo sat dia vat 1y giéng khoan- dia k¥ thuat tich hop. Dit li¢u khao sat dia ky thuat
tai chd (CPT, SPT, shear test) dé xéac dinh céac tham sb co 1y quan trong. Dir liéu nay dugc chuan
hoa, kiém tra chit lugng va loai bod cac diém bat thudng trude khi st dung.

Két qua minh giai dia ting nong, bao gdm viéc pick cac horizons (mit xam thyc, rinh cd, ranh
gi6i facies) tir SBP/UHR, két hop dir liéu 161 khoan va CPTu (u2) dé nhan dién cac tang 4 sét bio
hoa hodc khi néng. Két qua nghién ciru méi truong dia chit, moi truong thanh tao cac tang tram
tich nong khu vuc nghién ctru tr tai li¢u dia chén, tai liéu giéng khoan va mau 16i.

Buréc 2: Xay dung mé hinh ciu triic

Xay dung mé hinh ciu tric cac 6 ludi mé phong cau trac dia chét, cac dut giy, ting tram tich
cua khu vyc nghién ctru. Kich ¢d 6 ludi phu hop voi cac tudng dia chat thyc té khai thac (hinh
dang, goc nghiéng, s6 lugng 6 ludi déu anh hudng dén két qua mo phong (Hinh 2).
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-
Fautt modeling fpilar gridding Jllake horizons

Hinh 2. Cac bude xdy dung mé hinh cdu tric (Schlumberger, 2020)

Budce 3: Xay dirng mé hinh tuong

M6 phong cAu truc cac tudng: Cac don vi dia chat, tuéng dat da, kha ning lién két va muc do
bat dong nhit cua cac tang tram tich. Cong ngh¢ moé phong dung phuwong phap xac dinh-
Deterministic khi c6 nhiéu théng s6 ddu vao nhu nhiéu giéng khoan, dia chin, dia chit) hoic ngau
nhién-Stochastic khi c6 it dit liéu dau vao (Hinh 3).

Hinh 3. M6 hinh tuwéng (Schlumberger, 2020)
Burde 4: Xay dung mé hinh tinh chat

Céc bé mit ranh gidi dia ting duoc dung tir dit liéu khoan va dia chan bang cac phuong phap
ndi suy dia théng ké (Dubrule, 1984) nhu Kriging hoic Inverse Distance Weighting (IDW). Qua
trinh nay mo phong chinh xac bién thién khong gian cua cac 16p tram tich, dic tinh cia dat da, cac
tinh chit dia chit, dia k¥ thuat va giup nhan dién cac di thudng tiém an nhu hd sut, tai khi hay d6i
bun yéu (Hinh 4).
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PRIMARY DATA

Major range: | 2100
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Hinh 4. M6 hinh héa thuéc tinh bang phwong phdp dia thong ké va Kriging
(Schlumberger, 2020)

Burde 5: Pdnh gid riii ro, hiéu chinh va kiém dinh mé hinh

Danh gia cac mdi nguy dia chat (geohazards) va rang budc thiét ké, trong d6 14p ban d6 va mé
hinh khéi thé hién cat di dong/dune field, boulder hodc di tich da, khi nong/shallow gas va
pockmark, rdnh ¢ hoic b6i tich kénh, ciing nhu cac d6i tuong UXO, trén co so hudng dan
CIRIA/OSIG. Tir do, phan cap khu vire thanh No-go, Caution va Suitable dé phuc vu thiét ké mong
try tuabin va bd tri tuyén cap ngam mot cach an toan, tin cay va tbi wu.

M5 hinh 3D dugc hiéu chinh dua trén dit liéu bd sung, quan sat thuc dia va cac thir nghiém bod
sung néu can. Viéc kiém dinh ddm bao tinh nhat quan ctia md hinh véi dicu kién thuc té va tang
do tin cay cho cac phan tich ky thuat tiép theo.

Chi tiét quy Quy trinh xay dung mé hinh dia chat 3D cho cac tang tram tich nong dugc thé
hién nhu trong Hinh 5.

Thu thép va phan tich
s6 liéu dau vao

i
= l.rv-

Mé hinh cau tric

Mé hinh twéng

Dénh gia rairo

M6 hinh tinh chat

Hinh 5. Quy trinh xdy dung mé hinh dia chat 3D cho cdc tang tram tich néng
(Schlumberger, 2020)
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4. Két qua va thao luin

MBS hinh dia chét 3D cubi cung dugc st dung dé danh gia diéu kién nén mong va lga chon vi
tri mong turbine tdi wru. Ngoai ra, m6 hinh con dugce dung dé phan tich rai ro dia chét, xac dinh
cac khu vue c6 nguy co bét loi. Va mot phan rat quan trong la mo hinh dugc dung dé hd tro thiét
ké k¥ thuat, 1ap ké hoach thi cong va dinh vi tuyén cap ngam. Qua céc phan tich ¢ trén c6 thé thiy,
mo6 hinh dia chat 3D duogc thiét ké dé dam bao hai muc tiéu quan trong:

Thir nhdt, mé hinh phai phan anh chinh xac ciu truc dia chat dudi day bién, bao gom cac tang
tram tich nong, cac ranh gioidia tang, su phan b thach hoc va cac di thudng tiém an nhu hé sut,
tui khi hay cac 16p bun yeu. Viéc sir dung dir liéu dia chén nong phén giai cao két hop voi thong
tin khoan giéng, mau 15i va thi nghiém CPTU cho phép tai hién su bién thién khong gian cua cac
16p tram tich v&i d chi tiét cao, dong thdi mé phong ciu tric 3D theo thuc té dia chit.

Thit hai, md hinh 3D con cung cap dit liéu co s¢ dang tin cay cho cac quyét dinh k¥ thuét trong
thiét ké va phat trién trang trai dién gi6 ngoai khoi. Cu thé, cac tham sb dia ky thuat dugc ndi suy
va gan vao mo hinh ba chiéu gitip danh gia kha ning chiu tai cia nén mong, xac dinh vi tri téi uu
cho cac turbine va dinh huéng tuyén cap ngdm. M6 hinh nay ciing hd trg phéan tichrii ro dia chat,
dur bao nhitng ving c6 nguy co bét loi va 1ap ké hoach thi cong hiéu qua.

Nho su két hop gitta mo hinh hoa dia chat chi tiét va dir liéu ki thuat thuc dia, quy trinh nay
tao ra mdi lién két virng chéc giira khao sat dia chét va thiét ké k¥ thuat, dam bao cac quyét dinh
xay dung dugc thyc hién trén co sé khoa hoc, giam thiéu rui ro, téi wu hoa chi phi va nang cao
hiéu qua dau tu. Pong thoi, mé hinh 3D con hd trg viéc mé phong tuong tac thuy dong luc - dia
chit va cac phan tich da truong (multi-physics), gop phan dam béao tinh bén viing va an toan lau
dai cho céc trang trai dién gio ngoai khoi.

5. Két luin

Su phat trién thanh cong cua cac trang trai dién gié ngoai khoi phu thudc quyét dinh vao mtrc
d6 hiéu biét chi tiét vé c4u tric dia chat va diéu kién nén moéng day bién. Cac ting tram tich nong
thuong thé hién su bién d6i khong gian phtrc tap va tiém an nhiéu di thuong dia chat nhu hé sut,
tai khi hogc 16p bun yéu... Day la nhitng yéu t6 ¢6 thé anh huong nghiém trong dén thiét ké méng,
bd tri tuyén cap ngdm va an toan thi cong.

Két qua nghiénc tru di khang dinh, mé hinh dia chat 3D la cong cu. cot 161 @é giai quyét cac
thach thirc trén. Thong qua viée tich hop da dang ngudn dir liéu bao gdm dia chan néng, giéng
khoan, mau 13i va thi nghiém dia k¥ thudt, mo6 hinh 3D cho phép tai hién mot cach tryc quan va
chinh x4c ciu tric tram tich dudi day bién. Khong chi phan anh bién thiénkhong gian chi tiét, mo
hinh con tao 1ap co s¢ dir lidu tin c@y cho cac quyét dinh k¥ thut quan trong, tir danh gia kha ning
chiu tai nén moéng, lua chon vi tri t6i wu dat turbine, dén du bao cac khu vure rui ro dia chét.

Viéc ndi suy, két hop v6i cac tham sé co 1y, thach hoc cho ting thé tich trong khong gian ba
chiéu giup xdy dung cac kich ban ky thudt toan dién, khac phuc han ché cta phuong phap khao
sat truyén thong vbn dua chi yéu vao dir liéu 2D hogc s6 lidu giéng khoan don 1¢. Quan trong hon,
mo hinh dia chat 3D con dong vai tro nén tang dé trién khai cac phén tich da truong (multi-physics)
va mo phong phire hop, bao gdm tuwong tac thuy dong luc, dja chit, tac dong cua song, dong chay
va tai trong turbine 1én hé nén mong.

Céch tiép can nay khong chi néng cao do tin cay trong thiét ké, giam thiéu sai s6 va rai ro k§
thuat, ma con t6i uu hoa chi phi dau tu va tién do thi cong. Nho vay, mo hinh 3D mang lai mot
nén tang khoa hoc, k¥ thuét vitng chic, bao dam cho qua trinh phat trién trang trai dién gi6 ngoai
khoi dat dugc cdc muc ti€u an toan, hi¢u qua va bén viing lau dai.
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Research on building a 3d geological model of shallow sub-seabed sedimentary
layers for the development of offshore wind farms
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Abstract

Building the three-dimensional (3D) geological models for shallow subsea sediments is a
critical step in geotechnical site investigations for offshore wind farm development. Such models
enable the reconstruction of subsurface structures and geological features, providing a reliable
basis for assessing foundation conditions and detecting potential anomalies such as sinkholes,
shallow gas pockets, or weak clay layers. By integrating high-resolution seismic data, borehole
logs, core samples, and CPTU tests, 3D models not only enhance the accuracy of offshore
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geotechnical analyses but also contribute to optimizing survey cost and time. Furthermore, they
serve as essential input for foundation design, engineering simulations, and risk assessments,
thereby improving investment efficiency and ensuring sustainable development. This paper
presents the methodology and workflow for multi-source data integration to characterize the
structural framework, lithological features, and spatial variability of shallow marine sediments.
The workflow combines stratigraphic seismic interpretation with ground-truth data to accurately
reconstruct sediment distribution and stratigraphic boundaries. The results demonstrate that multi-
source data integration into 3D models significantly increases reliability, mitigates geohazards,
and supports the selection of optimal foundation solutions, ultimately reducing costs, enhancing
safety, and promoting the sustainable growth of offshore wind energy.

Keywords: 3D Geological Modelling, Marine Geotechnics; Foundation Engineering,
Subsurface Characterization, Geohazard Assessment, Offthore Wind Farm.
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