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Nghién ctru ap dung cac thude tinh dia chan trong xay dung
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Tém tit: Bai bao gi61 thiéu mot cach tong quan phuong phap xay dyng mé hinh dia chét 3D dang
duogc nghién ctru trién khai & Viét Nam va mot sb két qua ing dung cac thude tinh dia chan vao
xdy dung mé hinh tuéng cho via chira cat két Miocen gitta cia mé X & 16 103-107 bén triing Song
Héng cua Viét Nam. Nghién ctu cho théy ré“mg su Kkét hop céc thudc tinh dia chin vao md hinh
tudng dia chit 3D da phéan anh sy phan bd tudng thach hoc va mdi truong tram tich tét hon, tiém
can gan hon véi thyc té, didu d6 ¢6 ¥ nghia 16n trong cong tac tim kiém thim do va khai thac dau
khi. Trong céac thugc tinh dugc lya chon phan tich, thudc tinh bién do cuc tiéu (minimum
amplitude) c6 sy phit hgp nhét ddi v6i cac than cat chira khi & mo khi X va dugc sir dung la dau
vao cho qué trinh mo phong tuéng thach hoc - mot phan khong thé thiéu ciia mé hinh dia chét.

Tir khéa: Mo hinh dia chét, tudng thach hoc, tudng dia chét, thudc tinh dia chin, mé hinh tudng.

1. Phin mé dau

Cong nghiép dau khi dang 13 nganh kinh té
miii nhon cia nudc ta cling nhu mot s6 nude
trén thé gigi. Pua ra phuong an phat trién hop
1y cho mot mé dau khi s& dem lai loi ich kinh té
v6 cung 16n cho dat nude. Mot trong nhiing
cong viéc quan trong dé c6 dugc phuong an
phat trién mo 1a xay dung mé hinh dja chat 3D
cho cac dbi twong chira quan tim. Bai bao s&
gi6i thidu mot s6 két qua nghién ctru ing dung
moi nhét cac thudc tinh dia chén, dia chat dé
x@y dung m6 hinh 3D cho mo6 khi X - mot trong
nhiing mo khi sap dua vao giai doan phat trién.

M6 khi X nam & dong bic 16 103, thudc bé
tram tich Song Hong, cach bo bién Hai Phong
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khoang 150 km theo hudéng déng nam véi do
sdu muc nudc bién thay dbi tr 30-45 m
(Hinh 1).

Dua vao cac két qua nghién ctu dia chat
cho thdy cac trAm tich Kainozoi trong khu vuc
mo khi X chii yéu duoc hinh thanh trong méi
truong tién chau thd va dong bang tam giac
chdu noi ¢ cac dong séng udn khuc va cac bai
bdi trAm tich (Hinh 2, 3). Chit lwong da chua tir
trung binh dén t6t voi do réng khoang 5-25%
va do tham tir 1-10 mD. Trong khu vuc mo X
dd khoan mét giéng khoan thim do véi phat
hién khi va condensate trong cac tdp da chua
cat két Miocen giita naim 1990 [4]. Tuy nhién,
dé 6 thé dua mo nay vao phat trién, can phai
¢6 nhirng nghién ctru chuyén sau thém vé dic
diém dia chét, qua trinh lang dong va phan b
tram tich phuc vu cong tac tham do, tham luong
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trong giai doan tiép theo. Dic biét, dé phuc vu cac via chtra cia mé X trong khong gian ba
cong tac tham do va phat trién mé khi X can chiéu, day 1a mot budc quan trong trong qua
phai mo phong su phén bo tudng thach hoc cua trinh xay dung mo hinh dia chat 3D.
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Hinh 3. Cot dia tang tong hop bé Song Hong [10].
2. M6 hinh dia chéat 3D do thém, do bao hoa nudc, v.v. dugce dua vao

md hinh theo mot mang ludi c6 kich cd phu
hop dwoc gidi han cua cac dit giy va ban dd
minh giai. Dya vao cac thong s6 xac dinh duoc
tai giéng khoan va céc tai liéu dia chét, dia chan

Mo hinh dia chit 14 mo phong lai phan bd
tudng thach hoc, dia chat trong khong gian ba
chiéu. Cac thong s6 cua via chira nhu d6 rong,
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két hop voi cac thuat toan xac sudt thong ké dé
mo phong lai cac thong sé via chira. Két qua
cho phép tinh duoc trit lugng tai chd cia toan
mo chi tiét theo timg 6 ludi.

Do mbi théng sd via chira déu anh hudng
dén qua trinh khai thac, cling nhu anh huong
dén phuong an phat trién mo, vi thé mé hinh dia
chét cang mé phong chinh xac cac thong sb thi
cang mang lai loi ich vé kinh té ciing nhu gia trj
nghién ctru khoa hoc. Quy trinh xay dung mo6
hinh dia chit duogc thé hién trén Hinh 4.

Phan mém sir dung d&¢é mo hinh hoa 3D la
phin mém Petrel, phién ban 2015 (Petrel E&P
Software Platform 2015), ddy 1a phan mém cia
cong ty dau khi quéc té Schlumberger. Céc
chtc nang cua Petrel rat da dang, tir v€ ban dd
cdu trac, v& ban do dang sau va dang day, minh
giai tai lidu dia vat 1y, lién két giéng khoan, xay
dung mé hinh dia chét, thiét ké giéng khoan,
danh gia rui ro dia chit cho dén mé phong cac
via chura, tinh todn trif lwong va du bao kha
nang khai thac, v.v... (Hinh 5) [6].
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Hinh 5. Giéi thiéu phdn mém Petrel [6].
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Trong qua trinh xay dung md hinh 3D thi
mod hinh tudng 13 mot bude quan trong can két
hop cac tai li€u vé dia chét, dja chn va giéng
khoan dé mé phong.

Mo hinh tuéng 1 mé phong lai sy phan b
clia cac tuéng thach hoc va méi truong trim
tich trong cic 6 ludi thoa man didu kién da
dugc xac dinh tai giéng khoan ciing nhu hinh
thai dja chit ca vé dinh tinh va dinh luvong nhu
hinh dang, kich thu6c, phuong cua cac yéu tb
dia chat va dut gdy. Trong mo hinh mo
phong, cac tudng thach hoc va dia chat dugc
thé hién bang cac s6 nguyén (0, 1, 2...) hay
con goi la cac bién sb roi rac.

Xay dyng tudng can co cac nghién ciru dia
chét va tai liéu giéng khoan dé xay dung phan
bd cua tudng thach hoc, dia chit 3D trong pham
vi ca mo. Trude ddy dé xac dinh phin bd tuéng
thach hoc tai nhirng ving khong c6 giéng khoan
mang tinh rai ro cao, 1y do 1a tai liéu giéng
khoan c6 d6 tin tuéng cao nhung sb luong
giéng va dir liéu 1a han ché. Tuy nhién ngay nay
véi nhitng cong nghé hién dai mang tinh chinh
x4c cao da hd trg cho md hinh md phong tiém
can véi thyc té hon, dic biét 1a co su két hop
gilta tai liéu giéng khoan véi cac tai liéu dia
chan 2D, 3D dé mé phong tuéng va moi trudng
dia chat [1, 2].

Dé mo phong lai cac tudng thach hoc c6 do
tin cdy va phu hop vé6i thuc t& can phai hiéu vé
c4c qua trinh hinh thanh trdm tich trong khu
vuc va kha nang lién két via chtra ciing nhu
mirc d6 bat ddng nhit trong via chtra. Mot cong
cu khong thé thiéu trong mé phong tuéng l1a
cong cu phan tich dir liéu diu vao (data
analysis). Theo d6, 4 yéu tb sau can phai duoc
phan tich gdm: (1) Su thay ddi ty 1é tuéng theo
chiéu doc (facies proportion); (2) Chiéu day cua
cac tudng (facies thickness); (3) Xéc suét phan
bd tuéng thach hoc trong md hinh (facies
probability) va (4) Phén tich twong quan cua
cac diém da biét (discrete variogram). Trong do
cac phan tich (1), (2), (4) dwa vao tai liéu giéng
khoan va phan tich (3) dua vao tuéng dia chn
dé xac dinh xac suat phan bd tuong thach hoc
trong mo hinh.

3. Co s6 phan tich twéng dia chin

Tuéng dia chin 13 mot phan cua tip dia
chan bao gdm tap hop cac yéu td phan xa co
dac diém tuong ty nhau va c6 sy khac biét so
v6i cac phan xung quanh. Su khac biét vé
truong song dia chin cua tuéng dia chdn phan
anh sy thay ddi tuéng tram tich [3]. Dé phan
tich su bién doi tudng dua vao cac déc trung
truong song dia chin nhu dic dlem phén 16p phan
xa, toc do truyén song, bién do, tan sb va tinh lién
tuc cua cac pha song, v.v. Ngodi ra con st dung
két hop vé6i cac thong tin dia chét co duge tir tai
liéu dia chét va tai liéu giéng khoan.

Sau khi phan tich tuéng dia chin, viéc minh
giai tudng thach hoc duge tién hanh thuén loi
néu co su két hop tai liéu giéng khoan va tai
liéu dia chat chung. Piédu nay s€ cho két qua
chinh x4c vé méi truong trim tich va sy phan
b thach hoc trong céac hé thong tram tich. M6i
quan h¢ gitra cac tham s6 tudng dia chan va dic
diém phan tich dia chit duoc néu ¢ Bang 1.

Céac dic diém trén cua truong song dugc s
dung voi thuat ngt chung 1a cac “thudc tinh dia
chan” (seismic attributes). Cac thudc tinh dia
chin bao gém ca cac dic diém dong hinh hoc
(thoi gian, toc d9...) va dic diém dong luc hoc
(pha, bién d¢, tin sb, do suy giam ning luong).

Co6 rét nhiéu thudc tinh dia chin c6 twong
quan vo&i tudng thach hoc, trong dé cac thudc
tinh bién d¢ dugc st dung nhiéu nhét dé nghién
ctru mbi twong quan. Cac diém di thuong bién
d6 cao c6 xac sut cao 1a than cat chira diu khi.
Do vay, thudc tinh dia chin bién d6 duge dung
dé dinh tinh cho than cat chira dau khi cua via
chtra [7]. Trong bai bao gi6i thiéu mot sd két
qua nghién ctru vé cac mdi quan hé giira cac
tuéng dia chat di dwoc xac dinh voi cac thude
tinh dia chin nhu bién d6 binh phuong trung
trinh (root mean square amplitude), nghich dao
dja chin (genetic inversion), bién do cuc tiéu
(minimum amplitude), d 16n bién d trung binh
(average magnitude) [9].

Thudc tinh bién d binh phuong trung binh:
thudc tinh nay biéu dién gid tri cin bac hai cua
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trung binh tong bién do binh phuong tai mot
diém miu duoc tinh bang:

RMS = 3 (@)

Trong d6: N 1a sb lwong miu trong cira sd
tinh, a; 1a gia tri bién do tai mau thir i.

Dic trung thudc tinh ndy duoc tng dung dé
phan tich cac tich tu dau khi lién quan dén cac
long séng cd, sy phan bd ndi lra, phan bd
cat/sét.

Thudc tinh do 16n bién do trung binh: gia tri
trung binh cta cuong do bién dd tinh theo cong

2, lamp
N

Trong d6: N1a s6 luong mau trong cira s tinh.

Thudc tinh nay st dung dé phat hién cac
tich tu dau khi.

Thudc tinh bién d6 cuc tiéu: day 1a gia tri
am toi da trong ctra s6 xac dinh. Thudc tinh nay
duoc st dung dé phat hién cac tich tu dau khi.

thiec:

Bang 1. Mbi quan hé giita cac thong s dia chét va dia chan [3]

Théng sb dia chin Théng tin dia chét
Cao Thuong cac 16p khong day, dat da gin két, it hip thu
Tan s6 ) , ) . .
an so Thi Phan 16p day, dit da & do sau 16n, do hip thu 16n, c6 thé lién quan chét
p luu trong da
Cao Céac da ran chic nhu mong carbonat, dolomit, am ti€u, mudi, anhydrit,
. d4 phun trao hodc da nim sau c¢6 do rong kém
Toc do ) , N )
Thé Cac da }(héng ran chac, co do rong 16n, co di thuong ap suat, cé khi
P hodc chat Ivu trong da
Cao D4 rén chic, co toc ‘d(f) va mat do cao, chét luu trong d4, do rong thay
d6i dot ngot, thicu tram tich (hodc bat chinh hop)
Bién do ) ) . .
Thé Cac da khong ran chac, phan 16p day hodc troi 1én mot loat thanh phan
p thach hoc, ¢6 thé lién quan chét luu
Tét Phén 16p rd rang véi cac 16p c6 thanh phﬁq khac nhau, bit chinh hop dia
tang lién quan dén tram tich bién, it thay doi tudng
Do lién tuc ) .
Kém Thay d6i tudng nhicu, dac trung tudng lyc dia, cac ddi cat sét, tudng

kénh lach, anh hudng nhiéu cia ché d6 thuy dong luc

Thudc tinh nghich dao dia chéan: 1a phuong
phap nghich dao khéi gia tri bién do két hop véi
thong so tai giéng khoan ding thuat toan mang
Notron nhan tao (ANN).

Quy trinh tinh toan va phéan tich cac thudc
tinh dia chdn dugc thé hién trén Hinh 6 [5].

Két qua phén tich thudc tinh dia chan cho
moé khi X (Hinh 7), duoc kiém chimg bang céac
tai lidu giéng khoan cho thiy ring cac thudc
tinh dia chin di thuong bién do cao twong tng

v6i than cat chira khi tai giéng khoan X, mdi
tuong quan nay 1a kha tdt, phan anh dung quy
luat phan bé thach hoc cua via chira. Trong do,
thudc tinh bién do cuc tiéu phan anh phi hop
nhit v6i than cat chira khi cia mo khi X (dai
mau tir vang dén do6 trong Hinh 8). Cac di
thuong bién do cao chii yéu tip trung ¢ dinh
ctia ciu tao phu hop véi quy luét di cu cia dau
khi. Két qua nay dugc ding lam di liéu dau vao
dé xay dung m6 hinh tuéng 3D ctia mé khi X.
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4. M hinh dia chét 3D mé khi X

Tai lidu dau vao dé xay dung mé hinh dia
chat cho m6 khi X st dung toan b cac két qua
nghién ctu dia chét, dia chan va khoan hién co.
Trong d6 cu thé, vé& dia chit bao gém cac tai
liéu nghién ctu dia chét trong ving va khu vue,
ban dd tudng dia chat; vé dia chdn gdm cac mit
cét, cac ban d6 minh giai ciu tric ting chua,
cac hé thong dit giy va cac két qua nghién ciru
thudc tinh dia chan; vé tai liéu giéng khoan gom

céc tai liéu phan tich dia vat Iy giéng khoan nhu
cac duong cong minh giai d6 rdng, do thdm, thé
tich sét, d6 bao hoa, két qua phan tich thir via.
Céc budc md phong mo hinh: mé hinh cu
truc 3D dugc xay dung dua trén bé mit dia t'Sng
va dat gdy minh giai tao thanh mdt mang ludi 6
mang (Hinh 9). Dya vao cac duong cong do ghi ¢
giéng khoan tinh toan duoc cac thong sd nhu do
rong va ham lugng sét (phan chia thach hoc) va xac
dinh ranh gidi khi/nudc ciia mo khi X (Hinh 10).

Cha thich
O Dau vdo, diu ra
L! Céc busc thuc hien
Kiém tra, dénh gid

Dang y - khoing dong y

) KT Hai ligy )
€
>
/'

Hinh 6. Quy trinh tinh toan va phan tich cac thudc tinh dia chin.

D6 16n bién do

Bién do binh
phuong trung binh

Nghich dao
dia chan

Bién do

cuc tiéu

Vi

Hinh 7. Két qua phan tich thudc tinh dia chén.
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Hinh 8. Ban db phén bd thudc tinh dia chan bién d6 cuc tiéu.
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Hinh 9. M hinh c4u triic mo khi X.
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Hinh 10. Mt cit doc mo khi X.

Mo hinh tudng thach hoc cua toan bd mo
duge moé phong dua trén co s¢ phan bd thach
hoc doc theo cac giéng khoan, mbi quan hé cua
cac tudng trong khong gian va két hop véi tai
lidu thudc tinh dia chin & nhitng ving khéng co
giéng khoan (Hinh 11).

Cac budc thuc hién trinh tu nhu sau:

Budc 1: Phan tich tai liéu giéng khoan, xac
dinh va phan chia tuéng thach hoc. Trong
nghién cuu nay, hai dang tuéng thach hoc la
tudng cat, mau vang c6 kha nang chira va tuéng
sét mau xam khong c6 kha nang chira da duoc
phan chia. Tu d6 tinh duoc ty 1¢ tudng theo
chiéu doc; chiéu day cua cac tudng.

Budc 2: Phan tich mdi twong quan cua cac
tuéng trong khong gian tir tai liéu giéng khoan
dé ap dung mdi tuong quan niy sang cac ving
khong c6 giéng. Nguyén tic phan tich va ap
dung dya trén cac nguyén ly cua dia théng ké.
Mot sb dinh nghia va nguyén 1y cta dia thong
ké nhu sau [1, 2]:

Dia thong ké: 1a mot phan ciia thong ké ting
dung ma chu trong vao thudc tinh dia chét cua
dir liéu va cac mdi quan hé khong gian gitta cac
dir lidu.

Biéu dd bién ddi (variogram): 1a biéu dd mo
ta su bién dbi voi thong sb va 1a mot ham phan
chia khoang cach giita cic diém. Dwa trén

nguyén tic 1a hai diém nam & gan nhau hon s&
c6 gia tri twong dong hon cac diém & xa.

Tinh dung: 12 mot gia thiét ma dic tinh cac
thong sé dugc phan tich véi cac cong cu dia
thong ké thi quy luat xac xuat 1a bat bién véi
mdt khoang cach khong doi.

Kriging: 1a mét cong nghé wdc tinh cac gia
tri & nhitg chd chua biét dwa vao twong quan
ctia dit lidu da biét trong khong gian. Ba nguyén
tac co ban khi Kriging 1a: 1. Dit liéu gan hon s&
chiém ty trong 16n hon; 2. Dit lidu gin nhau s&
¢6 ty trong bang nhau; 3. Di liéu theo huéng
chinh s€ co ty trong 16n hon (Hinh 12).

Mb6 phong Gauss (gaussian simulation): la
phuong phap chay ngau nhién dua trén Kriging
nhung dua ra nhiéu két qua khac nhau véi xéac
sudt twong duong. Thuat toan cho ta nhiéu hinh
thai khac nhau dé chon lua trong mét via chira
bat dong nhat.

Budc 3: Ap dung twong quan dit liéu trong
khu vie ¢6 giéng khoan két hop véi thudc tinh
dia chan vao cac ving khong cé giéng khoan
bang phuong phdp md phoéng ngiu nhién
(sequential gaussian simulation - SIS) véi céc
bién roi rac (twéng thach hoc). Phuong phap
dua trén c& s& cua thuat toan Gauss dé tinh xéac
sut cua ting tudng trong mdi 6 ludi 1am co s
dé dinh nghia tuéng cho 6 ludi (Hinh 13).
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Hinh 11. So @6 m6 phong tuéng thach hoc mo khi X.

Ving nghién ctru

2(50) = Y r(x)

\ Huodng chinh cua variogram K
T§ trong . quyét dinh béi Variogram:

. Dir liéu da biet, Z(X;) . Vitd
B Gid tr cin udc tinh, Z(X,) * Hudng

Hinh 12. Céng thirc udc tinh gi4 tri bang Kriging.
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Hinh 13. M phong tuéng bang phuong phép SIS.

Phuong phap SIS két hop v6i thudc tinh dja
chin, xac sudt cua timg tudéng s& chiu anh
huéng cua bién tht hai (thudc tinh dia chin)
theo cong thirc sau:

Xac suat méi = (Xac suét tai x) x (Gia tri
bién 2 tai x) / (Gia tri trung binh cta bién 2)

Nhu vay gia tri cia thudc tinh dia chin s&
chiém ty trong trong viéc dinh nghia tuéng
thach hoc. Diéu nay cho phép ta két hop thuoc
tinh dia chan dé dat két qua tot hon tai cac ving
khong c6 giéng khoan.

Thudc tinh dia chan bién d6 cuc tiéu dugc
chon lam diu vao cho mé hinh tuéng nhu da

néu & muc 3, két hop véi cac dir liéu da phan
tich tai giéng khoan cho ra mé hinh tudéng 3D
cua mo khi X ¢ d6 tin cdy cao. Mo hinh tudng
3D duoc kiém tra ¢ timg 16p véi cac do sau
khac nhau, ban d6 tuéng trung binh theo chiéu
doc ¢ hinh thai trong tu so vdi thudce tinh bién
do (Hinh 14, 15). Cac két qua déu cho thiy than
cat chira khi nam ¢ dinh céu tao phu hop véi
cAu truc dia chat va quy ludt tich tu dau khi, do
d6 mé hinh tuéng duge ding 1am co so dé tinh
toan cac thong s6 cua via chira nhu do rong, do
bdo hoa va tinh toan trit lugng dau khi ctia mo
khi X.

Thudctinh bién do

‘ M hinh tudgng 3D ‘

‘ Ban db tudng trung b‘lrﬂ

f|

soes.
Z2z8sk2adaes

sesecess
=

La500m 1

1:38984

Hinh 14. Két qua 4p dung thudc tinh dia chdn vao mé hinh tuéng.
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Hinh 15. Mot s6 lat cit & cac d sau khac nhau trong md hinh tudng.

5. Két luan

Mo khi X dang trong giai doan tham do,
tham luong, viéc md phong phan bd tudng
thach hoc va méi truong tram tich cua via chira
X trong khong gian ba chiéu c¢6 ¥ nghia quan
trong trong cong tac tim kiém tham do dau khi.

DPé mo phong tudng thach hoc phu hop véi
thuc t& can két hop cac tai li¢u vé dia chit, dja
chan va giéng khoan. Cac thudc tinh dia chan 3D
c6 quan h¢ chiac ché voi cac tuong thach hoc
trong cic via chira dau khi, trong d6 thudc tinh
bién do cuc tiéu phan anh phu hop nhét ddi véi
cac than cat chira khi cia mo khi X va 1a dau vao
quan trong ctiia m6 hinh tuéng thach hoc.

Viéc st dung tai li¢u giéng khoan va thudc
tinh dia chin dé mo phong tuéng thach hoc
trong mé hinh 3D cho toan bd khu vyc mo
nghién cuu cho Kkét qua ti€ém cén voi thuc té
hon. Néu khong co tai lidu dia chin dinh tinh
cho phéan bd thach hoc, viée xac dinh phan bd
thach hoc ngoai giéng khoan hét sirc kho khan,
mang lai rai ro cao trong viéc tinh toan cac
thong s6 via chura, tinh trit lugng dia chét va dé
ra phuong an phat trién cho mo khi X. Do do,
viéc xdy dung mé hinh khong gian ba chiéu c6
su dinh hudng cia thudc tinh dia chin mang y
nghia cuc ky quan trong trong giai doan tham
do tham luong va ca giai doan phat trién mé.
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The Application Atudy of Seismic Attributes to the 3D
Geological Facies Model of the Field X in the Blocks 103-107,
Song Hong Sedimentary Basin, Vietnam

Nguyen Hien Phap', Nguyen The Hung?

"PetroVietnam Exploration Production Corporation, 117 Tran Duy Hung, Cau Giay, Hanoi, Vietnam
ZFaculty of Geology, VNU University of Science, 334 Nguyen Trai, Thanh Xuan, Hanoi, Vietnam

Abstract: The paper is intended to present a general introduction of 3D geological model, that has
been studied to use in Vietnam and some results of applying seismic attributes to the model
construction for Middle Miocene gas reservoir of the X field, located in the blocks 103-107 in the
Song Hong Basin, Offshore Vietnam. The studied results show that integration of seismic attributes
into the 3D geological facies model is better with lithofacies distribution and sedimentary
environment, it is approaching closer to the reality, that will bring a great meaning to hydrocarbon
exploration and production activities. The Minimum Amplitude attribute, one of the seismic
attributes selected to analyze, is the most suitable to indicate the gas sand reservoir in the X field
and it has been used as an input variable for the facies modeling process - an indispensable part in
3D geological model.

Keywords: Geological model, litho facies, geological facies, seismic attributes, facies modelling.



