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Tém tat: Viéc du bao tudng thach hoc va moi truong tram tich dé xac dinh trang thai thuy
dong luc cho cac tang da voi chtra dau khi voi ddc trung dia chat riéng biét trong subt qua
trinh thanh tao ciing nhu cac anh hudng trong qué trinh bién d6i tha sinh 1a thach thirc 16n
d6i voi cac nha dia chat. Nghién ctru ctia nhom tac gia da du bao 3 tap tram tich d4 voi trong
bé tram tich Séng Hong trén co s 6 tudng thach hoc dién hinh. Két qua phan tich thach hoc
lat mong két hgp voi tai liu dia chan da du bao méi truong tram tich ctia da chia thugc loai
khéi xay ria thém; Sir dung Logic md trong phan loai 6 tuéng d4 vai cac loai do rong riéng
biét twong tng v4i 6 don vi dong chay. Két qua ing dung mé hinh logic mo trong viéc phan
loai twdng thach hoc va du béao d6 thim trén co s& s6 lidu dia vat Iy giéng khoan cia 3 giéng
tham do dd dugc kiém chung tuong tmg theo phuong phap truyén théng va do thim cua
mau 161 véi mirc d6 thong nhit cao trén toan khoang via d4 voi. Trén co so d0, bai bao gidi
thiéu phuong phéap ing dung mé hinh logic m¢ dé xay dung quy trinh phan chia don vi dong
chay va du bao d6 thdm cho céac giéng khong duoc 1dy mau 15i tai tang d4 voi khu vyuc phia
Nam bé Song Hong.

Tir khéa: D4 voi; Do thim; Pon vi dong chay; Via chira; Logic mo.

1. Mé diu

Da voi (chii yéu 1a thanh phan carbonate) 13 loai d4 trim tich phd bién, c6 y nghia quan
trong trong cong nghiép dau khi, véi hon 60% trit lwong dau va 40% trir luong khi trén thé
gidi dugc tich ty trong d6. P4 voi ¢ mot sb dic diém khac biét so véi da tram tich khac vé
nguén géc thanh tao, thanh ph?m khoang vét, héa hoc va sinh khoang. Tram tich vun luc
nguyén dugc tao thanh tr vat liéu pha huy cac da co trude va duge van chuyén dén mai
truong 1§1ng dong [1-2], do vay dac diém cau tao va kién trac cua da tram tich vun phéan anh
ché do thuy dong lyc cta via chira. Bat ky mot ting chira khong dong nhat nao ciing co thé
dugec mo ta ché do thuy dong luc bang cac don vi dong chay. Mot don vi dong chay
(Hydraulic Flow Unit—HU) dugc dinh nghia 1a mot khdi dai dién co ban cta da chia, ma
trong d6 cac dic tinh dia chat va tinh chat vat 1y thach hoc anh hudng dén dong chay cua chat
luu 1a khong doi va khac vdi cac ddc tinh ciing nhu tinh chat ciia cac khoi khac [3]. Khéng
gidng nhu cac da tram tich vun luc nguyén khac, cac tang da voi dugc thanh tao chu yéu tur
cac chat két tia ‘hodc khung xuong sinh vat trong moéi truong tram tich [4]. Vi vdy, cac tang
da voi co mot sd cac dic tinh rat riéng biét vé moi trudng tram tich, thanh phan thach hoc va
dic trung do rong—do tham.
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Trong thyc té, gi4 tri d6 tham cua via dugc tinh toan tir cac duong cong dia vat ly gleng
khoan thong qua ham quan hé¢ rong—tham tir s6 liéu do mau 15i. Do han ché vé s6 luong miu
161 tir cac giéng khoan tham do tham luong, cac ham tuong quan rong—tham thuong gia dinh
tuyen tinh hodc phi tuyen dan toi két qua chira dyng nhiéu sai s6 va can c6 hé s hiéu chinh
rat 16n (hang chuyc 1an). B¢ ting muc d6 chinh xac khi dy bao do tham, nhiéu nha nghién ctru
da ing dung cong nghé tinh toan thong minh nhu mang no ron nhan tao (ANN) véi nhiéu két
quéa kha quan. Tuy nhién do ANN str dung phuong phép thir—va—sai nén con chira dung nhiéu
nhuge diém nhw mo hinh khong 6n dinh khi du bao gia tri trong dai rong hodc khong thé du
bao cac tham sb khong chic chin/khong rd rang .

Dbi v6i via chira da voi co tinh bat dong nhat cao vdi cau tric 18 rdng phirc tap, nhom
tac gia da nghién ctru mg dung h¢ logic mo trong 2 cong doan: Phan nhom cac kiéu tuéng
da va du bao gia tri 6 tham trong cac giéng khoan khong dugc lay mau 18i. M6 hinh logic
mo khéc phuc nhugc diém ciia ANN véi kha ning phan nhom t6t ciing nhu du bao duoc cac
gia tri khong rd rang. Két qua nghién ciru dugc trinh bay trong bai bio nay s& gop phan lam
sang to buc tranh vé moi truong trAm tich, tudng thach hoc va dac tinh thdm chura cua da voi
chira khi tai mot s6 mo phia Nam bé Song Hong [5-7], ngoai khoi Viét Nam.

2. Phuong phap nghién ciru

2.1. M6 hinh dia tang phén tdp

Dia tang phén tap da tr thanh phuong phép hiéu qua trong nghién ctru lich sir phat trién
dbi v6i tram tich da voi [8]. Rat nhidu cOng trinh [5-7] da st dung hoac chép nhan mo hinh
dia tang phén tap dua ra cho tram tich hat vun (mo hinh Exxon) dé giai thich su phat trién
cua cac tap tram tich loai nay. Sy hinh thanh cua tip da voi (Hinh 1) ¢ su khac biét so voi
tram tich vun, dugc thanh tao tai chd ¢ cac khu vuc ¢6 moi truong bién boi cac qua trinh tram
tich hitu co va vo co [9]. Do ¢6 nhiéu ngudn gdc va chiu anh hudng cua cac yéu td moi truong
thanh tao (thay doi tuong ddi cta muc nuée blen), su bién doi cua dic tinh d4 véoi dién ra
manh va da dang [4]. Médc du nhiing nguyén tac co ban cua dia tang phén tép co thé 4p dung
vGi tram tich da voi, nhung nhimg khac biét so vdi tram tich vun s& dan dén moé hinh phan
tap, ving hé thong tram tich voi riéng biét.
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Hinh 1. M6 hinh phan tap ciia khéi da voi [2].
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2.2. Cdc phwong phap dia vat ly giéng khoan

Tai liéu dia vat ly giéng khoan cho phép cac nha dia chit minh giai thanh phan thach hoc
va moi truong trim tich cua cac l6p dat da, lién két ching v6i mat cit dia chan. Tur do, lién
két tuéng dia chan véi tinh chat dat da va tuéng tram tich. Tai li¢u dia vat ly giéng khoan
dugc st dung cho nghién ctru tang d4 voi thudng bao gdbm mot loat cac duong cong bién d6i
truong dia vat 1y theo chiéu sdu nhu: dudng cong gamma (GR); dién thé tu nhién (PS), dién
tr6 (RT), duong cong si€u am (DT), dudng cong mat do (RHOB). Viéc minh giai dudng cong
dia vat ly giéng khoan cho phép chinh xac hoa dia tang, xac dinh dic diém moi truong tram
tich. Hién nay, viéc nang cao hiéu qua phan tich méi quan hé giita dic diém dudng cong dia
vat ly giéng khoan véi thanh phan thach hoc va cac tham s dia vat ly dia chin khac rat duoc
quan tam.

Resistivitys Porosity Porosity Combined Permeshility

Carbonste

Ranh dioi

Hinh 2. Tai liéu dia vat Iy giéng khoan trong khoang via d4 voi, GK-2 [10].

2.3. Cdc phwong phap thach hoc tram tich

Phuong phap phén tich thach hoc lat mong duoc st dung trong nghién ciru ndy nham
xac dinh thanh phan, ham luong ctia khoang vt tao d4, dic diém kién trac nhu: d6 chon loc,
d6 mai tron, kicu xi ming gén két, mirc d bién doi tht sinh... Viée xac dinh ddc diém thanh
phan, kién trac cua da bang phuong phap nay rat quan trong, do day 1a yéu td dinh lugng
phan anh ngudn gdc vat lidu cung cap, diéu kién dong lyc cua qua trinh van chuyén va ling
dong trim tich, c6 anh hudong dén qua trinh bién doi th sinh cua da.

2.4. Phuong phdp cé sinh

Phuong phap cb sinh duoc sir dung dé phén tich cac bé trAm tich cling nhu cac tang da
da voi, dung dai cac hoa thach theo thoi gian de lién két cac mat cat dia tang va moi trudng
co nham cung cap cac thong tin cua dia ting tram tich trong tién trinh phat trién dia chat. Pic
biét, tram tich voi v6i sy phong pht va bao ton gan nguyén ven cac hoa thach dong thuc vat,
do d6 viéc luan giai moi truong trim tich s trd nén tin cay hon.

2.5. Phwong phap phan nhom va dy bao

Trong nghién ctru ndy, nhom tac gia da ap dung 1y thuyét Logic mo (Fuzzy logic) [11]
dé du bao cac don vi dong chay trén toan bo khoang via tai cac giéng khoan. Logic mo 1a
Hpi nghi khoa hoc toan quéc “Chuyén déi s6 va cong nghé sé trong Khoa hoc Trdi dat, M6 va M6i truong” (EME 2021)



Tap chi Khi twong Thuy van 2022, EME4, 42-52; doi:10.36335/VNJHM.2022(EME4).42-52 45

nén tang de xay dung cadc h¢ mo nham gidi quyet cac van de dat ra trong thuc t€ san xuat.
Trong do, cong cu chu chot clia Logic mo 1a tién d€ hoa va 1ap luan xap xi vai phép suy dién
mo va giai mo. Mo hinh suy dien mo (Hinh 3):

Dau
vao ro \
Hé suy dién <:l
Dau vao /

mo

Hinh 3. M6 hinh hé suy dién mo.

Pau vao la cac tap gia tri 6 hodc mo cua céc tinh chit, hé théng bao g6m hé suy luan va
dua vao tap luéat (tri thuc). Pau ra 1a céc gia tri 10 ma da dugc suy luén dya trén cac tap luat
va phuong phap suy luan.

Nhu vay, theo nhu hé suy dién thi két qua 1a mot tdp mo [12], chinh vi vy ma can cb
thanh phan giai mo dé lam két qua ¢ dau ra tr¢ thanh rd. Pay 1a thanh phan cudi ciing cia
mo hinh ¢6 nhiém vy xac dinh dugc mot phan tir zo 1am dai dién cho dau ra.

Mot s6 phuong phap giai mo thong dung trong danh gia via dau khi (phuong phap phan
d6i, phuong phap binh quéan hodc 16n nhét hodc nho nhat cia giatrilon nhat, trong tim ving),
trong 6 phuong phap Trong tam ving (3) dugc st dung nhiéu nhét:

. A asl Zm Zn
Phuong phap phan déi: 2o = f u, (z)dz = f . (z)dz 1)
Zq Zm
Phuong phap binh quan
hodc 16n nhat hodc nho nhat Zo = Zmom; Zlom, Zsom 2)
cua gia tri 1on nhat:
Z * U, (z)dz
Trong tam vung: Zg = fz—c 3)
J, He()dz
Trong do6 zo, Gia tri rd (sau giai mo); zmom: id tri binh quén trong tap mo; zim gia tri cuc
dai trong tAp mo; zym: gid tri nho nhat trong tip mo; z, z; (i= I-n): phan ti trong tap mo; pe:
ham thudc (membership function); ¢ (z) 1 do thudce cua z vao tdp mo; Z: Mién xac dinh cua
tap mo.

3. Ung dung logic m& dé du bao twéng thach hoc va xac dinh don vi dong chay

Trong ph?m nay, nhom tac gia nghién ciru dic diém thach hoc va moi truong tram tich
tir tai liu mau 161, 1at mong két hop phén tich, minh giai lat cit dia chat tang d4 voi theo tai
lidu dia vat Iy giéng khoan tai giéng khoan tham do (GK—1) va cac giéng khoan tham luong
(GK-2 va GK-3) ¢ khu vyc phia Nam bé Song Hong [5-7]. Tong hop, so sanh cac két qua
mau 16i co 1y d4 va phén tich thach hoc dé xiy dung quan hé do rong—do thAm. Trén co s
d6, nhom tac gia da sir dung dic tinh cta cac dudng cong dia vat 1y giéng khoan dé phan
nhom cac loai da chura (tudng thach hoc) va dy doan kha nang thdm chira cho toan khoang
tap da voi trong giéng khoan theo quy trinh nhu duwoc mé ta ¢ Hinh 4.
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Hinh 4. Quy trinh du bao tuéng thach hoc va tinh chat thim chira via d4 voi.

3.1. Pdc diém va méi truong tram tich carbonate phia Nam bé Séng Hong

Theo lat cit dia chan, phan dudi cing 14 tap d4 voi tudi Langhian dugc phat hién tai
gieng khoan tham lugng C véi dac trung hoa thach san hé va trung 16 benthic nho dugc hinh

thanh trong méi trudng ndi thém c6 anh hudng cia ria thém (Hinh 5).

Phan gitra 14 tap d4 voi c6 tudi Serravallian voi 2 phan tap: phan tap Serravallian 1 (Serra
1) tram tich theo chu ky trong méi truong suon mo voi déc trung tao do va trung 16 benthic
16, trit lwgng hydrocarbon chii yéu tép trung trong phan tap nay; phan tp Serravallian 2
(Serra 2) phu lén trén phén tap Serra 1 v6i dac trung 1a cat két glauconite va sét két moi

truong bién sau.

Phan trén cung 1a tap da voi tudi Tortonian dugc nhén biét trén tai liéu dia chin. Tuy
nhién, thanh phan thach hoc cua tap Tortonian tai g1eng khoan tham lwong C da chuyén tiép
sang tudng sét bién sau. Dé nghién ctru va giai quyét van dé nay can thu thap thém thong tin,

dir liéu can thiét tir cac ngudn khéc.
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Hinh 5. Trich doan mit ct dia chin 3D minh hoa cac dang tudng dia chan chinh trong trim tich tudi Miocene.
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3.2. Xdc dinh thanh phan thach hoc

Trén co so tong hop cac két qua phén tich mau cd sinh, thach hoc, dia vat 1y giéng khoan,
két qua nghién ctru chi ra thanh phan thach hoc ctia carbonate trong khu vuc nghién ctru gdm
nhitng sinh vat tao voi lién quan téi cac da dugc xac dinh:

— San ho, trung 156 bam day, rhodolite — boundstone;

— Tao dd, skeletal, equinoderm packstone — grainstone;

— Tao do, mollusk, bryozoa grainstone — packstone;

— Trung 16 va ostracode troi ndi, tao do grainstone — wackestone.

3.3. Xac dinh kiéu do rgng

Két qué phan tich mau thach hoc lat mong da xac dinh kién trac da voi dang hat nhu:
rudstone, floatstone va grainstone. Tai 2 mau nghién ctru kién tric da packstone chira tao do,
tring 16 bam day c6 d6 hat trung binh phd bién ¢ ¢& 0,18-0,71 mm nhung thay ddi trong
khoang kha rong 0,062—30 mm. Khi quan sat xac dinh phan loai d¢ r5ng ctia d4 voi, co thé
nhan biét dugc phat trién d6 rong thir sinh do rira liia khung xuong sinh vét (moldic porosity)
va do rong gitra hat (Hinh 6). Ngoai ra, cac loai o rong thir sinh khac nhu nirt né va dolomite
hoa kha pho bién va dong vai tro rat quan trong d6i véi tram tich da voi.

Hinh 6. Mot s6 kiéu d6 rdng dién hinh: (a) giita hat, (b) khuén duc, (c, d) hang héc.

Céac kiéu tudng da dugc dinh danh tir 1-6 theo muc do chat lugng via tir kém dén rat tot
dugc xac dinh ranh giéi ving va muc d§ ham lién ket véi gia tri d§ rong mau 161 6@ mtc do
chap nhén dugc (Bang 1). HE so lién két cua mau 161 3 giéng nghién ciru dang & muc do tu
0,65 toi 0,87, tirc 1a con qua nhieéu moi quan hé chua rod rang.

Bang 1. Tong hop cac loai tudng da voi dic trung quan hé do rdng—do tham tir mau 15i.

Ky hiéu Thach hoc Loai d rong Bién dbi tao da Phén b Lién két

Packstone, Mud— Khuén duc cuc Xi mang hoa & it rira Phan dudi cta Serra 1

RRTI1 ] y 0,70
lean Packstones bd va giira hat ltia giéng khoan B

, Duéi bét chinh hop

Packstone, Mud— Khuén duc cuc Xi mang hoa & rura liia y

RRT2 , Serra 2 giéng khoan 0,65
lean Packstones bd & hang hoc (sém va mudn) B.C
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Ky hiéu Thach hoc Loai do rong Bién doi tao da Phan bo Lién ket
Phan trén cuia Serra 1
Mud-lean Khuon duc & ) »
Ximang hoa & rira lia  giéng khoan B (>30m
RRT3 Packstones, khuon dtc cuc ) , 0,85
) hat vun dudi mat bat chinh
Grainstones bo
hop carbonate)
Packstone, Mud— . . . .
Gifra tinh th¢ &  Dolomite hoa & rira Trén ranh gidi tap
RRT4 lean Packstones, 0,87
) khuoén duc ltia (mudn?) Serra 1
Grainstones
Mud-lean ) . Trong khoang 30m
Giira hat,hang It xi mang hoa, rira liia ) ,
RRT5 Packstones, , dudi mat bat chinh 0,75
) hoc, khuon dic (mudn)
Grainstones hop carbonate
Packstone, Mud— o ,
, Rura liia khong chon Dudi bé mat bat
RRT6 lean Packstones, Hang hoc 0,65

Grainstones

loc sém va mudn

chinh hgp carbonate

3.4. Xac dinh don vi thuy dong lyc (HU)

Két qua phan tich do tham trén mau 15i cac giéng khoan (GK) tham luong GK-2 va GK-
3 cho thay ché d¢ thuy dong luc ctia ¢4 voi chira khi tuoi Miocene gitra phu thudc chu yéu

vao loai d6 rong hon 1a kiéu kién trac va tudéng d4 (Hinh 7).
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Hinh 7. Phian nhom mdi tuong quan hé rong—tham theo kiéu d6 rong tir mau I6i GK thim lugng GK—2.

Két qua phan tich toan b cac mau ciia cac giéng khoan thim do thim lugng trong khu
vuc nghién ciru cho thay 6 kiéu tuéng da (ky hiéu tir RRT1 t6i RRT6) v6i thanh phan thach
hoc va kiéu do réng dic trung. Trén co s& ndy, nhom téc gia da xay dung cac ham quan hé
d6 réng—do tham ciing nhu xac dinh cac don vi dong chay (HU — Hydraulic Flow Unit) (Hinh
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Hinh 8. Quan hé d6 rong—do thdm theo tudng da.

Sau khi tong hop va danh gid trén co so cac phan tich/minh giai (Hinh 8), cho thay sb
lidu d6 tham va do rdng tir mau 161 s& phi hop va nam trong gii han phan nhém trong 6 kiéu
tuéng d4. Tuy nhién, cac gidi han nhom khong ddng déu vé kich thudc, huéng, tham chi
ching con chom 13n 1én nhau din dén sai s6 rat 16n khi du bao d6 tham cua cac giéng khoan
tham do khong 1ay mau 18i. Nhom 3 va nhom 4 (twong tng véi RRT3 va RRT4) thé hién mbi
lién két t6t gitra do rong va do tham.

3.5. Két qud di bdo do tham tai cdc giéng tham do, tham long

Phuong phap du bao duge sir dung 1a Logic mo (Fuzzy Logic) trén co s& phan mém
minh giai tai liéu dia vat 1y giéng khoan vé6i ho cac dudng cong: Gamma ray (GR), Dién trd
(Resistivities); Mat ¢ (RHOB), No-tron (NPHI) va séng 4m (DT). Hé suy dién dugc xay
dung tir cac phan tich, minh giai trong Bang 1 va phan cum thach hoc trong Hinh 8. Kiém
ching két qua dy bao HU ciing nhu gi tri do thAm cho thay rat phu hop véi tai liéu mau 16i
(Hinh 9).

bic biét, khi dung hoan toan tai liéu cia mo6 hinh du béo tai giéng khoan GK-2 dé ap
dung cho giéng khoan GK-3, sau d6 dem két qua so sanh v&i tai liéu phan tich d6 thim tur
mau 13i giéng khoan GK—3 cho thiy sy phu hop trén hau hét tang chira (Hinh 10). Piéu nay
da khang dinh tinh ding dén cua phuong phap xac dinh quan hé d6 réng—-do thim va dy bao
d6 tham da nghién ctru Gng dung.
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Hinh 9. Kiém ching két qua du bao do tham tai giéng khoan tham lugng GK-2.
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Hinh 10. Két qua kiém ching du bao do thém trén giéng khoan thdm luwong GK-3.

4. Két luan

Trén co so cac nghién ctiiu vé ddc diém tram tich, thach hoc va du bao d6 thdm cho via
da voi phia Nam bé Song Hong, bai bao dwa ra cac két luan sau:

Két qua nghién ctru dia chat, dia vat Iy két hop véi phan tich 1at mong da xac dinh duoc
cac tap trAm tich trong via da voi voi cac dac trung vé tudi dia chit va thach hoc riéng bict:
Phan dudi cung 1a tap d4 voi tudi Langhian, gitra 1a tap d4 voi tudi Serravallian véi 2 phan
tap: phan tap Serravallian 1 (Serra 1) va phan tap Serravallian 2 (Serra 2); trén cung la tap da
voi tudi Tortonian.
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Két qua phan tich d6 thim trén mau 16i giéng khoan tham lwong GK—2 va kiém chung
tai giéng khoan tham luong GK—3 cho thay quan hé do rdng—do thdm cuia da voi tudi Miocene
giita phu thudc chil yéu vao loai d6 rdng hon 1a kiéu kién trac va tudng da. Céc loai d6 rong
moldic, hang hic (vuggy), bién d6i dolomite c6 vai tro quyét dinh dén du bao do tham cia
da chura.

Trong via da voi da xdc dinh 6 loai tuéng da voi kiéu kién trac va loai do rdng dic trung
twong ing v6i 6 quan hé do rong—do thim. Kiém chimg két qua ng dung m6 hinh logic mo
trong xac dinh don vi dong chay (HU) va gia tri d¢ thim cho thay sy phi hop véi tai lidu
mau 16 trén hau hét khoang via trong cac giéng khoan trong khu vuc nghién ctru. Diéu nay
da khang dinh tinh kha dung ctiia phuong phaplogic mo trong phén loai tuéng thach hoc va
du bao d6 thdm ting d4 voi phia nam bé Song Hong.
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Abstract: Carbonate reservoirs show challenges to geologists and engineers to predict
lithology facies and depositional environment for determining hydraulic characteristics.
Due to the different formation and diagenesis processes, carbonate reservoirs have distinct
geological characteristics compared to the clastic reservoir. In this study, 03 typical
sequences in the carbonate formation in Song Hong basin were investigated basing on 06
main seismic facies. Data of well log, routine and specific core analysis lab have been used
with 3D seismic to identify the depositional environment of carbonate rock as platform
margin, with 06 rocktypes corresponding with 06 Hydraulic Flow Units. The well logs from
3 exploration wells are used for permeability prediction by employing Fuzzy Logic
technique and validating with the traditional method. The results of permeability prediction
show consistent agreement with permeability value from core plugs for the entire interval
of carbonate reservoir. As a result of the Fuzzy logic application, the paper presents the new
workflow to classify hydraulic flow units and then predict permeability of carbonate
reservoirs in the un—cored wells.

Keywords: Carbonate; Permeability; Hydraulic Flow Units; Reservoir; Fuzzy Logic.
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