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TOM TAT

Tai bé Ciru Long, khai thac dau tir cac via cat két bo roi tang Mioxen giira ludn tiém an rii ro sinh cat
nghiém trong, giy mét 6n dinh giéng, gian doan khai thac va vuot ngan sach du an. Nghién ctru dé xut
mot khung quén 1y rii ro tich hop, lién két phan tich dia co hoc véi danh gia kinh té nham hd tro ra quyét
dinh phat trién mo. Md hinh Dia co hoc mét chidu duge xay dung tir dir liéu giéng khoan va tham sb co ly
da dé xac dinh trang thai ung suat, do bén thanh hé va ngudng pha huy. Trén co s¢ do, xac suét sinh cat
dugc dinh luong theo cac kich ban suy giam ap suét via va che d6 khai thac khac nhau. Cac xéc suét nay
dugc tich hop vao mé hinh phén tich rui ro sir dung Ciy quyét dinh (Decision Tree) két hop véi gia tri tién
t€ ky vong (EMV), cho phép danh gia va so sanh cac phuong an phat trién va kiém soat rui 10. Két qua cho
thdy ngudng chénh ap khai thac 1a yéu t6 chi ph01 chinh dén 6n dinh thanh h¢, véi xac suét sinh cat ting
nhanh khi ap suat day giéng vuot gidi han bén co hoc. M6 hinh EMV cho phép luong héa tic dong tai
chinh ciia timg kich ban, bao gdm chi phi can thiép, ton thit san lugng va thoi gian dimg khai thac. Phan
tich chi phi — loi ich cho théy cac giai phap nhu chen so6i hoac kiém soat chénh ap, mic du lam tang chi phi
dau tu ban dau , nhung gitp giam dang ké rti ro k§y thuat va chi phi van hanh trong dai han, tir d6 ti wu hoa
gié tri kinh té tong thé ctia du an. Phuong phap tiép can tich hop nay cung cdp mot cong cu dinh lwong hi¢u
qua cho viéc lya chon chlen luoc phat trién mo, gitp can bang giira rui ro k¥ thuat va hiéu qua kinh té trong
diéu kién khai thac thyc té.

Tir khoa: Quan ly rii ro dy an; Rui ro sinh cat; Gia tri tién té ky vong (EMV); Dia co hoc, Bé Ciru Long.

1. Mé dau

Bé Ciru Long 1a mot trong nhimng bé tram tich déng vai trd chi luc, dong gbp phan 16n san luong dau
khi tai thém luc dia Viét Nam. Nhiéu nghién ctru da khang dinh day 1a mot trong nhitng bé dau khi quan
trong nhat khu vuc Péng Nam A, vdi cac phat hién 16n nhu Bach Ho, Rong va Su Tir Pen (Bojesen-
Koefoed va nnk., 2009). Trong d6, cac via cat két thudc hé théng trim tich tudi Mioxen giita duoc danh gia
1a tAng chira quan trong v&i tiém néng trit luong thuong mai dang ké. Cac trim tich nay hinh thanh chua yéu
trong moi trudng delta—bién ndng, tao diéu kién thuan loi cho tich tu va bao tdn hydrocarbon. Tuy nhién,
dac trung dia chat ndi bat cua cac via nay la trang thai cat két b roi, do ga“'m két xi mang kém va do bén
nén don truc (UCS) thudng ¢ muc rat thap. Cac nghién ctru thuc nghiém cho thdy UCS trong cac via cat
két bo 10i c6 thé chi dao dong trong khoang 5-10 Mpa (Pham va nnk., 2025). Pic tinh co hoc bét lgi nay
bién hién twong sinh cat (sand production) tré' thanh mot rii ro ky thuét tat yéu trong sudt vong doi khai
thac mo, dic biét & giai doan suy giam ap suat via hogc khi c6 sy xAm nhap cta nudc lam suy yéu lién két
giita céc hat khoang vat (Heo va nnk., 2022; Ubuara va nnk., 2024; Shabdirova va nnk., 2019). Co ché nay
da dugc ghi nhan rong rii trong cac nghién ctru dia co hoc dau khi (Fjaer va nnk., 2008).

Du6i goc d6 quan 1y du an, rui ro sinh cat khong don thuan 1a mot hién tuong vat 1y tai day giéng, ma 1a
nguyén nhén cbt loi dan dén sy pha v cdu trac tai chinh ciia du 4n. Khi dong luu thé mang theo cat di
chuyén Vo1 van toc cao, chang hoat dong nhu mét tac nhan dn mon cyc manh, gay hu hong thiét bi hoan
thién giéng, hé théng van tiét luu va mang ludi duong dng ngam Hién tugng x61 mon do cat da dugc tiéu
chuén hoa danh gia trong nganh theo API RP 14E, cho thy toc do dong chay c6 thé lam gia ting nhanh
mirc d6 hu hai thiét bi. ‘Hau qua tryc tiép 1a sy gia ting dot bién cua chi phi can thiép, stra chira giéng.
Nghiém trong hon, su cb sap giéng do cat gay ra sy gian doan van hanh khai thac, dan dén khoi luong dong
tién khong 16 bi hao hut do san lugng suy giam. Trong nhiéu trudng hop thuc té, chi phi can thiép giéng co
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thé chiém ty trong dang ké trong téng chi phi van hanh (OPEX) ctia mo. Diéu nay dat cac nha quan Iy truge
mot bai toan danh d6i nan giai trong giai doan 1ap ké ‘'hoach phat trién mo: Lua chon tiét kiém chi phi dau
tu ban dau (CAPEX) bang cac thiét ké hoan thién gleng co ban, hay d6i mat véi nguy co syt giam gia tri
hién tai thuan (NPV) trong dai han. Cac phan tich kinh té trong nganh dau khi cho thay quyét dinh nay c6
thé anh huong truc tiép dén hidu qua dau tu va vong doi du an (Ponomarenko va nnk., 2022; Li va nnk.,
2020; Osunrinde va nnk., 2019).

Thuyec tién quan tri riii ro tai nhiéu du 4n hién nay van dang ton tai mot khoang trong 16n giita phan tich
ky thuat va quyét dinh tai chinh. Cac nghién ctru dinh lugng vé dia co hoc thudng doc lap, thién vé viée du
béo gidi han ap suat ma thiéu di su gin két véi cac chi sd kinh té. Nguoc lai, ho so quan 1y riii ro trong quan
1y du 4n lai thuong dimg & mirc danh gia dinh tinh (Cao/Trung binh/Thap), thiéu ving cac co so dinh lugng
minh bach dé thuyét phuc céc co quan hiru quan phé duyét som cac khoan ngén sach phong ngira dat do,
chang han nhu ap dung phuong phap hoan thién than tran c6 chén so6i (Open Hole Gravel Pack - OHGP).
Khoang trong nay di duoc dé cap trong nhiéu nghién ciru SPE, nhan manh nhu cau tich hop giita k¥ thuat
va kinh té trong quan 1y rui ro (Elias va nnk., 2014).

Nhim lap day khoang trong hoc thuét va thyc tién néu trén, nghién ciru nay dé xuit mot khung tiép can
quan ly rti ro tich hgp (Integrated Risk Management Framework) ap dung chuyén biét cho via Mioxen gitta
tai bé Ciru Long. Bai bao str dung mo hinh Pia co hoc mot chiéu dé x4c dinh dinh lugng xac suét pha huy
co hoc cua dé via, tir d6 tich hop vao md hinh phan tich Gia tri Tién t¢ Ky vong thong qua phuong phap
Cay quyét dinh. Cach tlep can nay cho phép chuyén héa rui ro ky thuét thanh cac dai luong tai chinh dinh
luong, tao cau ndi tryc tiép giita phéan tich k§ thuat va quyét dinh dau tu. Myc tiéu cua nghién ctru la lugng
hoéa rii ro sinh cat thanh gia tri tai chinh thuc té, qua d6 cung cap mot ludn cw kinh té vimg chic giup nha
quan tri tdi wru hoa chién luoc hoan thién giéng, dua rui ro du an vé mirc thép nhét co thé chép nhan duogc
(ALARP - As Low As Reasonably Practicable) theo chuan muyc ISO 31000. Nguyén tic ALARP 1a mot
trong nhing nén tang quan trong trong quan 1y rui ro hién dai, dugc quy dinh trong tiéu chuan ISO 31000
(ISO 31000, 2018).

2. Nhan dién va danh gia rii ro ky thuat
Theo chuin myc Quan 1y rii ro ISO 31000, dé lugng hoa duoc tac dong tai chinh, bude tién quyét 1a
phai nhan dién chinh x4c co ché vat ly va danh gia dinh luong xac suét xay ra su c¢b. D6i v6i rui ro sinh cat

tai hé thong cat két bo roi thude ting Mioxen gitra bé Ctru Long, qua trinh nay doi hoi sy tich hop chat ché
gitta cac nguyén 1y co hoc da va mo phong trang thai ing suat via.

2.1. Co ché phit sinh riii ro sinh cdt

Su ¢d sinh cat xay ra khi trang thai can bang img sudt tai ving can day bi pha v&, dan dén su suy giam
hodc triét tiéu hoan toan kha nang chiu tai cta lién két xi mang gitra cac hat khoang vat. Vé ban chat dia co
hoc, day 14 qua trinh pha hity theo tiéu chudn bén (failure criterion) khi tmg suét tic dung vugt qua gidi han
bén ctia da via, thuong dugc mé ta thong qua cac mé hinh nhu Mohr—Coulomb hoic Drucker—Prager. Qué
trinh pha huy nay ch1u su chi phéi cua hai lyc chmh

- Ung sudt nén cit: Do sy tap trung Gng suét xung quanh thanh gleng (than tran) hoic 15 bin via khi
giéng duogc dua vao khai thac. Hién tuong tap trung Gmg sudt nay dic biét nghiém trong tai cac vung c6 di
thudng tng suét hodc khi goc phuong vi giéng khong t6i wu so vai truong ung suét ban dau.

- Luc kéo thuy dong lyc hoc: Pugc tao ra bai dong chay cia luu thé (dau, khi, nudc) hudng tir via vao
giéng. Luc kéo nay phu thudc nhiéu vao gradient ap sudt va van téc dong chay, trong d6 su gia ting chénh
ap khai thac 1am ting déng ké luc kéo tac dong 1én cac hat roi, thuc day qua trinh boc tach va van chuyén
hat cat vao giéng.

Ngoai hai co ché chinh trén, cac yéu t6 nhu tinh di huéng co hoc ctia d4, mirc do xi miang hoa, do rong
va lich sir khai thac cling dong vai trd quan trong trong viéc kiém soat ngudng bat dau sinh cat.

Dbac biét, tai tﬁng chira Mioxen gitta, hién tuwong nudc xam nhap dugc nhan dién 1a nguyén nhan 16n
nhit. Sy xam nhép ciia nudc khong chi lam thay ddi diéu kién dong chay da pha ma con gay bién doi hoa
— co hoc trong ciu triic 4. Nudce hinh thanh lam hoa tan cac khoang vat sét dong vai tro chét gin két ty
nhién, dong thoi triét tiéu lyc mao din, lam suy giam tir 40% dén 60% do bén nén don truc cia hé thong
da via. Qua trinh nay thuong di kém véi hién tuong truong n6 sét va phan tan hat min, lam giam thém d6
on dinh co hoc cua thanh hé. Sy dich chuyén trang thai tir pha "dau" sang pha "ngdp nuéc" lam ting dot
bién x4c suit sup 16 thanh giéng. Didu nay xay ra do su két hop giita suy giam do bén co hoc va gia ting
lyc kéo thuy dong, tao ra diéu kién thuan loi cho su khéi phat va phat trién nhanh chong cua hién tugng
sinh ct trong giai doan cudi doi mo.

2.2. Xdy dung Mé hinh dia co hoc mét chiéu
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M©6 hinh DPia co hoc mot chiéu (1D Mechanical Earth Model-1D MEM) 1a m6 hinh m6 phdng cac dac
tinh co hoc ctia dat da va trang thai tmg suat dia ting theo phuong thing dimg cia giéng khoan. Day la
cong cu quan trong trong nganh dau khi, dia nhiét va luu trit CO, nhdm danh gia diéu kién dia co hoc cua
tang chtra va dam bao an toan trong qua trinh khoan, khai thac ciing nhur van hanh mé. M6 hinh 1D MEM
dugc xay dyung dua trén viée tich hop nhiéu ngudn dir lidu nhu tai liéu dia chét, sb liéu dia vat 1y giéng
khoan, mau 161, thi nghiém co hoc d4, ap suét via va dir liéu khoan. Tir 6, mé hinh cho phép xac dinh cac
tham s6 ‘quan trong nhu ng suét thang dung (overburden stress), tmg suat ngang cuc dai va cuc tiéu, ap
suét 16 rong, déc tinh dan hdi ciia dat da (Young’s modulus, Poisson’s ratio) va cuong do pha hiy cua da.

Trong thyc té, 1D MEM duoc sir dung rong rdi dé phan tich 6n dinh thanh giéng, xac dinh cura so mat
d6 dung dich khoan an toan, du bao nguy co sap 16 hodc nit v& thanh giéng, thiét ké chong ng va tbi uu
hoa chuong trinh khoan. Ngoai ra, mé hinh con hd tro danh gia nguy co cat xam nhap, nit via thiyy lyc va
bién dang dia tang trong qua trinh khai thac 1au dai. Mac du chi phan anh diéu kién dia co hoc theo mot
chiéu tai vi tri giéng khoan, 1D MEM déng vai trd nén tang cho viéc xdy dung cac m6 hinh dia co hoc 2D
va 3D c¢6 d6 phirc tap cao hon. Hién nay, cing véi sy phat trién cta cong nghé mé phong s va tri tué nhan
tao, md hinh 1D MEM ngay cang duoc ning cao vé do chinh xac va kha ning tng dung trong quén 1y rai
ro va tdi uu héa khai thac dau khi.

Dbi v6i bai toan danh gia rui ro sinh cat, 1D MEM lién tuc doc theo than giéng dong vai trd 14 co s& dit
liéu ddu vao dé tinh toan gi6i han 4p suét van hanh an toan. Khong chi dimg lai & viéc xac dinh ngudng
pha hay cua dat d4, mé hinh con cho phép tich hop cac tham s6 dia co hoc v6i diéu kién khai thac thyc té
nham du bao dong thai 6n dinh cia thanh giéng theo thoi gian. V& ban chat, 1D MEM la sy tich hop ¢6 hé
thdng gitra dir licu dia chat dia vat ly giéng khoan va co hoc d4, dugc hiéu chinh thong qua cic quan sat
thuc té nhu sy ¢6 mét 6n dinh gleng, hién tuong sap 16 hodc cat xam nhép da ghi nhan. M6 hinh nay dong
vai tro then chdt trong viée chuyén do6i cac thong tin roi rac thanh mét bo tham s6 lién tuc theo chiéu sau,
phuc vu cho cac phan tich dinh luong tiép theo. Céac thong s6 chinh cua 1D MEM bao gdm:

- Ap suat via va Trang thai ing sudt tai chd:

Ap suét via (P,) dugc xac dinh thong qua dit liéu do ap suét truc tiép (MDT/RFT). Ung suét phuong
dung (Sv) dwoc tinh toan bang cach tich phan ty trong cta dat da tir gia tri log ty trong (Density log) cb
duoc tir bé mat dén do sau khao sat z:

sv = [, p(2)gdz )

Trong dé: p(z) la ty trong tai do sdu z; g 1a gia toe trong truong.

Ung suét ngang cuc tiéu (Spmin) dugc hidu chinh tir két qua thir via (Leak-off Test - LOT) hodc Minifrac,
trong khi (mg suat ngang cuc dai (Stme) dugce ndi suy tir hién twong 16 thanh giéng quan sat qua Caliper
log.

- béac tinh co hoc da:

Cac mo dun dan hoi dong dugc tinh toan tir van toc song nén (¥,), song cat (V) va L ty trong (p). Sau do,
thong qua cac phuong trinh thue nghiém dugc hi€u chinh bang dit lidu thi nghiém mau 161, cac gia tri nay
dugc chuyén d6i sang mé dun tinh. Gia tri d6 bén nén don tryc UCS — thong s6 quyét dinh kha nang khang
cit cuia via cat két — duoc xac dinh theo ham ctia d6 rdng va van tdc song am:

UCS =1(¢, Vp, Vs) )

2.3. Ddnh gid ranh gidi an toan va Ap sudt chénh léch t6i han

Dua trén 1D MEM, rui ro da bi pha huy dwoc danh gia théng qua tiéu chuin phéa hity Mohr-Coulomb.
Theo tiéu chuén nay, d4 via s& bat ddu sup 16 va sinh cat khi img sudt cit hiéu dung (Effective shear stress)
vuot qua sirc bén khang cit ciia dat d4. Ung sudt hidu dung (o”;) dugc dinh nghia boi dinh luat Terzaghi:

G’ = ojj - oPpo; 3)

Trong d6: oy 14 tensor (mg suat tong; « 1a hé sé Biot (thuong xap xi 1 dbi véi cat két b roi); & 1a ham
Kronecker delta.

Théng qua m6 phong dia co hoc tai khu vuc 14n cén 15 bin via, nghién ctru tinh todn dugc Ap suét chénh
1éch t6i han (Critical Drawdown Pressure - AP,). D4y 1a gia tri chénh léch t6i da cho phép giita ap sudt via
va ap suét day giéng dong (P.,) ma tai d6 céu triic vom cat van duy tri dwoc tinh 6n dinh:

AP. = 1:’p - ow, critical (4)

MGéi lién hé v6i quan 1y rai ro: Gia trj AP. khong phai 1a mot hang sé ma 13 mot ham suy giam theo tudi
doi cia mé. Néu kich ban khai thac vuot qua ngudng AP, ndy, x4c sut sup 16 cdu tric vom cat (P s€ tién
dén gi tri 1.0 (su kién chic chin xay ra). Bang cach so sanh AP, v6i cac kich ban luu luong khai thac thiét
ké, nghién ciru dd lwong hoa dwoc Xac sudt xdy ra rii ro cho timg chién luoc hoan thién giéng (Base case
vs. Sand Control). Gi4 tri x4c sudt nay s& 1 dau vao truc tiép cho cdy quyét dinh tai chinh EMV & phan tiép
theo.
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3. Panh gia rii ro dinh lwgng theo EMV

Sau khi xac dinh duoc gi6i han pha huy co hoc cia da via va lugng hoa dugc xac suét xdy ra su b ()
thong qua mé hinh 1D MEM, budc tiép theo trong khung quéan 1y rii ro du 4n 1a chuyén d01 cac thong so
ky thut nay thanh gia tri tai chinh. Nghién ctru ap dung phwong phap phan tich Gia tri tién t¢ ky vong
(Expected Monetary Value - EMV) két hop vé6i cong cu Cay quyét dinh (Decision Tree) nhim danh gia
dinh lugng thiét hai va tdi uu héa chi phi dau tw (CAPEX) cho céc kich ban hoan thién giéng khac nhau.

3.1. Lugng hoa tac dpng tai chinh

Tac dong tai chinh téng thé clia mot su ¢d sinh cat nghiém trong (khi vom cat bi pha hay dan dén cat
xam nhap vao gleng, yéu cau phai can thiép bang gian khoan) dugc cdu thanh tir hai yéu td chinh: Chi phi
khic ‘phuc truc tiép (Cairec) va Chi phi mét doanh thu do gian doan khai thac (Caeermen).

Tong thiét hai tai chinh gia dinh (Itotal) néu sy kién rui ro chic chan xay ra (xac suat 100%) dugc xac
dinh theo phuong trinh:

Tiotal = Cirect T Caeferment (5)
Itotal [(I{nf> X TNPT) + Cequlp] + (Q X P(nl X TNPT) (6)

Trong do: Rrig: Pon gid thué gian (150.000 USD/ngay); TNPT: Thoi gian dung giéng (Non-Productive
Time) khéc phuc sy ¢ (20 ngay); Cequip: Chi phi vt tu, thiét bi thay thé (800.000 USD); Q: San luong khai
thac (3.000 thung/ngay); P.s: Gia dau co sé (75 USD/thung).

Bdng 1. Cdc théng sé van hanh va hiéu qua kinh té.

Théng s Gida thanh Don vi
San lugng khai thac 3.000 Thung/ngay
Gié dau co so 75 USD/thing
Khi giéng gap sw co
Thoi gian dimg giéng khic phuc su cd 20 Ngay
DPon gia thué gian 150.000 USD/ngay
Chi phi vat tu, thiét b thay thé 800.000 USD

Két qua tinh toan vé thiét hai tai chinh trong truong hop xay ra su ¢b dugc thé hién nhu Bang 2.

Badng 2. T(fng gid tri thiét hai vé tdi chinh.

Cic chi phi Gid thanh (USD)
Chi phi Stra chira truc tiép 3.800.000
Chi phi mat doanh thu 4.500.000
Tong Téc dong 8.300.000

Dua trén cac tham sé dau vao dic trung ctia mo, chi phi can thiép truc tiép (Cuireer) duoc tinh todn ¢ mirc
3.800.000 USD. Trong khi d6, dong tién doanh thu bi mat (Cyefermen) trong 20 ngay dimg giéng 1én téi
4.500.000 USD. Do 46, tong tac dong tai chinh tuyét dbi (Ziewy) dat 8.300.000 USD cho mét 1an xay ra sy
¢b. Két qua nay phan anh dic thu cia cong nghiép khai thac ngoai khoi, noi rii ro phi san xuit (NPT) luén
chi phéi trong s6 16n nhét trong cAu trac thiét hai tai chinh.

3.2. Cdy Quyét dinh va phén tich EMV

Do sy ¢b sinh cat mang tinh bét dinh, gia tri thiét hai thuc té ddi v6i du an phai dugc phan b6 theo xéac
suat xay ra twong (mg véi timg chién Iuge kiém soat. EMV duoc tinh bang tich ciia xac suat rii ro (P) va
tong thiét hai tai chinh (Zpw):

EMV = Pf X Itotal (7)

Nhom nghién ciru da thiét 1ap mot Cay quyét dinh so sanh 3 kich ban thiét ké, bao gdm Kich ban Co s
(Base Case), Kich ban lya chon l(Lép dat ludi loc doc 1ap - SAS) va Kich ban lya chon 2 (Hoan thién than
tran chén soi - Open Hole Gravel Pack).

Két qua tir md hinh 1D MEM déi véi ting Mioxen gitra bé Ciru Long cho thdy dic trung nél bat cia h¢
thdng via 13 bé roi voi do bén nén don truc (UCs) rat thap. Khi mé phong trang thai img suat tai chd két
hop véi kich ban khai thac suy giam ap sudt va ngap nude, mé hinh chi ra ring mg sudt cét hiéu dung
thuong xuyén tiém can va vugt qua dudng bao pha hity Mohr-Coulomb. Mirc x4c sut rii ro cho Kich ban
Co s6 dugc xac dinh qua mé hinh 1a 25%, con s6 nay chinh 1a sy lugng hoa truc tiép ty 1é cac truong hop
ma muc chénh ap khai thac (drawdown) vuot qua ngudng chiu tai ty nhién cua via da, dan dén sy sup 10
tat yeu clia cAu tric vom cat can day giéng.
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Déi vai kich ban lwa chon 1, mé hinh khing dinh ring SAS nay mang tinh thu dong va hoan toan khéng
lam thay d6i trang thai (mg suat nguyén thiy cia thanh giéng. P4 via van s& nit vd véi ty 1¢ nhu kich ban
co s&, nhung rui ro sinh cat 1én hé thong bé mat dwoc kiém soat va giam xudng mirc 10%. Con sb nay dugc
bién luan dua trén giGi han do tin ciy co hoc ctia ban than thiét bi loc SAS: 10% rui ro ton du dai dién cho
cac sy ¢ thir cip khi khdi lugng dat da sap xudng qua 1on gay bit nhét (plugging), lam dong chay tap trung
x61 mon thung ludi loc (erosion), hodc 1am mép méo hoan toan ludi loc dudi tic dong cia tai trong co hoc
da duoc du bao tir md hinh.

Chuyén sang kich ban lya chon 2, sy can thiép cong ngh¢ da lam thay d6i hoan toan bai toan dia co hoc.
Lép soi duoc lap day vao khoang khong vanh xuyén cung cp mot luc chéng d& hudng tam lién tuc, gitp
phuc h01 {mg suét - ngang va day duong stic bén cia via Mioxen vé lai viing an toan tuyét d6i. M6 hinh ha
xac sudt riii ro xudng mirc 2% phan anh viée loai bo thanh cong nguyén nhén gbe 1é giy sap via tir goc do
dia chit. Mirc rui ro cuc thap nay nay chi con phu thudc vao cac sai s6 mang tinh thi cong, lap dat (nhu 15
bom s06i tao ra cac khoang trong cuc bd) thay vi sy bt dinh cta ciu tric dat da.

Két qua tinh toan va 1ap Cay quyét dinh cho 3 kich ban néu trén dugc tom tit nhu dudi day.

- Kich ban Co s& (Base Case - Khong kiém soat cat): M6 hinh dia co hoc cho thay khi d6 suy giam ap
suét via dat ngudng toi han, x4c sudt sap via 1én t6i 25%. Kich ban nay khong yéu cau CAPEX phong ngira,
nhung dy an phai ganh chiu mirc rii ro ky vong 14 2.075.000 USD.

- Kich ban Iya chon 1 (Lip dat lu6i loc doc 1ap -SAS): Phuong phap nay doi hoi khoan diu tu thém
(Mitigation CAPEX) 1a 400.000 USD, gitip giam xac suét rii ro xuéng con 10%. Gia tri EMV twong tng
giam xudng mirc 830.000 USD.

- Kich ban Iya chon 2 (Hoan thién than trdn chén soi (Open Hole Gravel Pack-OHGP): Pay 1a giai phap
ky thuat c6 do tin cay cao nhat, triét tidu xac suat sap via xudng dudi 2%. Tuy nhién, hé thdng nay doi hoi
CAPEX 16n nhét, & mirc 1.200.000 USD. Rii ro ton dur luc nay dwgc giam xudng chi con 166.000 USD.

Bang 3. So sanh cdc kich ban thiét ké.

. , Xac Khoan dau tw Tong chi phi dw
Céc kich bin sugt | themsp) | EMV(USD) i (U%D)
Base Case (Khong kiém soét cat) 25% 0 2.075.000 2.075.000
Lya chon 1: Stand-alone Screen (SAS) 10% 400.000 830.000 1.230.000
Luya chon 2: Gravel Pack (OHGP) 2% 1.200.000 166.000 1.366.000

3.3. Téi wu héa CAPEX dua trén tong chi phi ky vong

2,200,000
2,000,000
1,800,000
1,600,000
1,400,000
1,200,000
1,000,000
800,000
600,000
400,000
200,000

0 {
Base Case (Khing kiém sodt cat) Option 1: Stand-alone Screen (SAS) Option 2: Gravel Pack (OHGF)

400,000

®)Mitigation CAPEX ™ Risk Exposure (EMV)

Hinh 1. Phdn tich EMV va t6i uu héa CAPEX (Decision Tree Model).

Trong 1ap ké hoach phat trién mo, quyét dinh dau tu dugc phé duyét khong dya trén CAPEX thép nhat,
ma duya trén tong chi phi ky vong (TEC) tdi wu:
TEC = CAPEXmitigation + EMV ®)
Ap dung cho cac kich ban trén, tur Kkét qua tinh toan tai Bang 3 va Hinh 1, ta c6 thé th'?iy:
- Base Case: Tong chi phi ky vong 12 2.075.000 USD (hoan toan 14 rui ro 4n).
- Kich ban SAS: Téng chi phi ky vong 14 400.000+ 830.000 = 1.230.000 USD.
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- Kich ban OHGP: Tong chi phi ky vong 1a 1.200.000+166.000 = 1.366.000 USD.

Két qua phan tich dinh lwong chimg minh ring, dbi véi cau hinh giéng khai thac 3.000 thung/ngay, kich
ban lap dat ludi loc doc 1ap (SAS) dang mang lai gia tri kinh té t6i wu nhat (tiét kiém 845.000 USD so véi
kich ban Co s6). Cac dir liéu dinh lugng nay cung cap khung tham chiéu minh bach, h trg Ban quan 1y du
an dua ra cac quyét dinh "Go/No-Go" khach quan va thiét 1ap chuan muc ALARP (As Low As Reasonably
Practicable) trong thiét ké hoan thién giéng tai bé Ctru Long.

4. Lwa chon giai phap

Tir két qua phan tich dinh luong (QRA) tai Muc 3, ¢6 thé thay viéc quan 1y rui ro sinh cat khong chi don
thudn 13 viéc ap dung céc rao can k¥ thuat mot cach may moc, ma 1a mot qua trinh can bang dong giita chi
phi dau tu CAPEX va kha nang bao vé dong tién. Viéc Iua chon chién lugc tng phé rui ro phai tuan thi
nguyén tic t6i uru hoa kinh té dy an va thoa mén tiéu chuan ALARP.

4.1. Phén tich lgi ich - chi phi va lwa chon téi wu

Du6i goc nhin quan tri du an, quyét dinh dau tu hé thdng kiém soat cat khong dua trén viéc tim kiém
giai phap c6 gia thanh ré nhat, ma phai hudng t6i phuong an c6 Tong chi phi ky vong (TEC) thdp nhit. Vi
kich ban co s ciia mo tai bé Ciru Long (san lwong dy kién 3.000 thung/ngay, gia diu 75 USD/thung), su
so sanh giita cac phuong an cho thiy mot nghich 1y thu vi trong dau tu dau khi: "Khéng tiéu tién c6 thé 1a
phuong 4n dat d6 nhat". Cu thé, viéc khong 4p dung bién phap kiém soat cat (Base case) khién du 4n ganh
chiu mirc chi phi ky vong 1én t&i 2.075.000 USD/giéng.

Trong khi d6, giai phéap lap dat ludi loc doc 1ap (SAS) véi mire dau tu CAPEX 400.000 USD da chimg
minh duoc hiéu qua vuot troi khi kéo giam TEC xubng muc 1.230.000 USD. Giai phap cong nghé cao nhat
1a chén so6i tran OHGP, mic du triét tiéu gén nhu hoan toan rui ro co hoc (x4c sut < 2%), lai khong phai 1a
lua chon t&i wu vé mat kinh t& cho kich ban nay do mitc CAPEX ban dau qua 16n (1.200.000 USD), déy
TEC 1én mtrc 1.366.000 USD.

Do d6, di véi cac giéng cé san luong trung binh tai khu vuc nghién ciru, giai phap SAS duoc xac dinh
1a "diém ngot" (Sweet spot) vé mat kinh t&, mang lai gia tri i ro duoc giam t&i 845.000 USD/giéng so v&i
phuong an Base Case.

4.2. Phén tich dp nhay theo bién dpng sin lwong

Trong thuc té phat trién mo, cac thong sé dia chit va cong nghé khai thac ludn chira dung d6 bat dinh
cao. P& kiém dinh tinh bén vimg cta quyét dinh lya chon giai phap, nghién ctru tién hanh phan tich d6 nhay
dbi véi bién sb quan trong nhét, d6 13 san lwong khai thic muyc tiéu (Q) vdi cac sb liéu duoc thé hién trong
Bang 4.

San luong (Q) va gia dau (P): Hai ¢4t nay cho ra két qua gidng hét nhau vi chung déu 13 nhan tir bac 1
tac dong tryc tiép vao chi phi mat doanh thu (Cueferment).

Bién s6 nhay cam nhét (T): Nhin vao dong +50%, ban s& thdy néu thoi gian dung giéng kéo dai thém
50% (tir 20 ngay 1€n 30 ngay), tong thiét hai vot 1én 12.050.000 USD (cao nhat trong céc bién).

Bién sé it nhay cam nhat (R): Du gia thué gian khoan c¢6 bi doi 1én 50% (tir 150.000 1én 225.000
USD/ngay), tong thiét hai ciing chi ting 1én 9.800.000 USD.

Hinh 2 minh hoa tryc quan mire d chi phéi ctia bon bién s rui ro bt 16i dbi vai téng thiét hai tai chinh,
dua trén bién do dao dong quanh gia tri co s¢ (Base case: 8.300.000 USD). Két qua phan tich cho théy, thoi
gian dung gleng (NPT) 1a bién s6 nhay cam nhit va mang tinh quyét dinh cao nhét (nam & dinh 16¢ xody).
Khi NPT bién thién, téng thiét hai bi kéo gian voi bién do lon nhit, dao dong tir 4.550.000 USD dén
12.050.000 USD. B¢ nhay vuot trdi nay xut phat tir viéc NPT dong vai tro 1a nhan ti chung, khuéch dai
dong thoi ca hai cdu phan thiét hai: chi phi khac phuc truc tiép (thoi gian thué gian) va chi phi gian tiép
(tong lugng doanh thu dinh tré). Dtng & vi tri th hai va thir ba 1a san lugng khai thic muc tiéu (Q) va gia
dau (P), véi mirc d9 tac dong dong hang do déu 1a bién sb bac mot cia ham doanh thu (bién d¢ dao dong
tir 6.050.000 USD dén 10.550.000 USD). Péang chu y, don gia thué gian khoan (R)- yeu to thuong bi e ngai
1a nguyén nhan chinh gy thdm hut ngan sach can thiép, lai 1a bién s0 it nhay cam nhit ¢ day biéu do. Ngay
ca trong kich ban cuc doan khi gia thué gian ting séc toi 50%, téng thiét hai ciing chi tiém can muc
9.800.000 USD, thap hon dang ké so véi kich ban kéo dai thoi gian NPT. Ham ¥ quan tri dy an: Du6i goc
nhin quan ly rui ro, phan tich nay khang dinh rang chién luoc tmg pho rui ro hdu sy c6 (Reactive Strategy)
khong nén dat trong tam vao viéc c6 gang dam phan giam gia nha thiu cung cép dich vu can thiép. Thay
vao do6, Ban quan ly du an (PMB) can uu tién phan bd ngan sach cho céc giai phap gitp rat ngan t6i da thoi
gian NPT. Cdc bién phap nay bao gbm viéc duy tri lugng vat tu du phong thiét yéu cho hé thong van bé
mat va xay dung san cac kich ban hop dong md (Call-off contracts) dé dam bao kha nang huy dong gian
can thiép khan cap trong thoi gian ngan nhat. Gia dinh dy an trién khai cic giéng khoan ngang c6 d6 tham
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via cao, day san luong 1én mirc 5,000 thung/ngay. Luc nay, theo két qua tinh toan, chi phi mat doanh thu
do gian doan khai thac (Cuefermen) ting vot 1én dén 7.500.000 USD, day tong thiét hai tuyét ddi (L) 1én
mirc 11.300.000 USD. Vi kich ban san lugng cao nay, két qua chay mé hinh EMV tai Bang 5 cho thiy
birc tranh kinh té thay d6i hoan toan:

- Tong chi phi ky vong ciia phuong 4n SAS (TECSAS) tiang 1én mirc 1.530.000 USD (do phén rui ro ton
du 10% nay da nhan voi mot khéi lugng thiét hai 16n hon rat nhiéu).

- Tong chi phi ky vong cua phuong an OHGP ltic nay chi ¢ mirc 1.426.000 USD.

Két qua phén tich d6 nhay cung cap mot quy tac thiét ké mang tinh chién lugc cho thém lyc dia Viét
Nam: Ddi véi cac gleng chu lyc (high-profile/high-rate wells), chi phi co hoi do mat san luong la qua lon.
Khi d6, phwong an kiém soat cat chu dong va dét tién nhit OHGP lai tr¢ thanh giai phap kinh té va an toan
nhat. Kha ning dich chuyen diém t6i uu nay minh ching cho su can thiét cta viéc tich hop linh hoat mo
hinh EMV vio timg giéng cu thé, thay vi ap dung mot thiét ké rap khudn cho toan mo.

13,000,000

12,000,000
11,000,000
10,000,000
8,300,000 9,000,000
8,000,000
7,000,000
s 6,000,000

5,000,000

4,000,000

-50% -40% -30% -20% -10% 0% 10% 20% 30% 40% 50%

—&—Sin lugng (Q) —*— Gid déu (Ol price) —®—Théi gian ngimg khai thac (NPT) —®—Gia thué gian (Rig Rate)

Hinh 2. Pénh gid do nhay dwa trén tong mikc chi phi tai chinh.
Bdng 4. Tong mirc chi phi tdi chinh theo bién dong cdc tham sé dau vao (USD).

Muic do thay San luong Gid dau Thoi gian ngung khai | Gia thué gian
doi (%) (0) (Oil price) thac (NPT) (Rig Rate)
-50% 6.050.000 6.050.000 4.550.000 6.800.000
-40% 6.500.000 6.500.000 5.300.000 7.100.000
-30% 6.950.000 6.950.000 6.050.000 7.400.000
-20% 7.400.000 7.400.000 6.800.000 7.700.000
-10% 7.850.000 7.850.000 7.550.000 8.000.000
0% 8.300.000 8.300.000 8.300.000 8.300.000
10% 8.750.000 8.750.000 9.050.000 8.600.000
20% 9.200.000 9.200.000 9.800.000 8.900.000
30% 9.650.000 9.650.000 10.550.000 9.200.000
40% 10.100.000 10.100.000 11.300.000 9.500.000
50% 10.550.000 10.550.000 12.050.000 9.800.000

Bdng 5. So sanh cdc kich ban thiét ké trong triong hop O = 5.000 thing/ngay.
Cac kich ban Xéie sudt ge’fn‘”;lj‘;’g )t”" EMV (USD) ,Zoe’;g (f]hbfl’)’)hi due
Base Case (Khong kiém sodt cét) 25% 0 2.825.000 2.825.000
Lua chon 1: Stand-alone Screen (SAS) 10% 400.000 1.130.000 1.530.000
Lua chon 2: Gravel Pack (OHGP) 2% 1.200.000 226.000 1.426.000
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4.3. Qudn Iy riii ro ton dw theo tiéu chuin ALARP

Viéc lwa chon thiét ké hoan thién giéng (SAS hoic OHGP) chi méi giai quyét duoc phan xac suat cia
bai toan rui ro. Tuy nhién, theo tiéu chuén ISO 31000, moi rui ro ton du phai dugc kiém soat lién tuc trong
subt vong doi du 4n dé dam bao tiéu chi ALARP (As Low As Reasonably Practicable).

Dé dat dugc dleu nay, nghién ciru kién nghi song hanh giai phap phan ctmg (Thiét bi kiém soat cat) voi
giai phap phan mém (quy trinh van hanh khai thac). Cu thé, dya trén mo hinh Dia co hoc mot chiéu tai Muc
2, céc k¥ su khai thac can thiét 1ap mot gidi han van hanh an toan (Safe Operating Envelope - SOE). Pudng
ranh gidi ciia SOE sé& xac dinh mirc 4p suit chénh léch téi han (Critical Drawdown) cho phép tai timg thoi
diém suy giam 4p suat via.

Trong giai doan md giéng hodc van hanh thong thuong, gian truong phai duy tri trang thai khai thac
nam hoan toan bén trong viing an toan ctia SOE. Sy két hop giita rao can vat Iy (thiét bi long giéng) va rao
can van hanh (tuan thu SOE c¢6 két hop cam bién am thanh phat hién cat bé mit - ASD) s& tao thanh hé
théng phong vé da 16p, dam bao rui ro sinh cat thyc sy dugc co 1ap va kiém soat triét dé.

5. Két luan

Nghién ciru nay di trinh bay mot khung tiép can toan dién, pha v& ranh gidi truyén thong gilra bd phén
phan tich ky thuat va bo phan quan ly tai chinh du an trong viéc giai quyet rii ro sinh cat tai tang chira
Mioxen giita, bé Ciru Long. Bang cach tich hop mé hinh Bia co hoc mét chiéu véi cong cu phan tich EMV,
nghién ctru di lugng hoa thanh céng mot rui ro vat 1y phtc tap thanh ngén ngit dong tién minh bach, hd tro
truc tiép cho qua trinh ra quyét dinh dau tu (FDP).

Céc két qua nghién ctru da chi ra 4 van dé ¢t 16i sau day:

-Vé ban chat va tac dong tai chinh ctia rui ro: Trong quan 1y rui ro khai thac ngoai khoi, chi phi gian
tiép do mat san luong thudng chiém ty trong ap dao (hon 54%) so véi chi phi sira chira vat Iy. Chlen luge
thu dong "chay dén khi hong" (Run-to-failure) dbi vai cac via cat két bo roi khong chi gy mat an toan
giéng ma con 1a phuong an dat do nhat, v6i mic rii ro ky vong vuot qua 2 triéu USD/gleng

- V& gi6i han an toan ky thuat: Rui ro sinh cat c¢6 thé duge du bao va luong hoa xé4c suét thong qua tiéu
chuin pha huy Mohr-Coulomb va &p suit chénh 1éch téi han (APc). Gia tri ndy suy giam manh khi 4p suét
via can kiét hodc khi c6 nudc xam nhép, doi héi phai thiét 1ap va tuan thu nghiém ngét biéu dd gidi han van
hanh an toan (SOE) trong sudt doi mo.

- V& tbi wu hoa quyét dinh dau tu: Quyét dinh 1ap dit hé thdng kiém soét cat khong mang tinh cao béng
ma phy thugc manh m& vao san lugng muc tiéu. Phan tich EMV chimg minh rang: Do1 v6i giéng ¢ san
luong trung binh (3.000 bopd), hé théng Ludi loc doc lap (SAS) la diém t6i wu kinh té. Tuy nhién, dbi véi
cac giéng chu lyc nang suét cao (5.000 bopd), phuong an dat tién nhat 1a Chén so6i tran (OHGP) lai tro
thanh giai phap tiét kiém nhat nho kha ning triét tiéu rii ro mat dong tién khong 15.

- Vé tiéu chuan quan 1y riii ro ALARP: Viéc ap dung khung dénh gia tich hop MEM - EMV cung cép
mot ludn ¢t kinh té viing chéc. Piéu nay gitip nha ‘quan ly dy an ty tin phé duyét cac khoan CAPEX phong
ngira ngay tur giai doan thiét ké, dam bao rui ro tong thé cia dy an dugc kiém soat va duy tri & muc thap
nhit c6 thé chap nhan dugc (ALARP).
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ABSTRACT

Sand production risk management in middle Miocene reservoir in the
Cuu Long basin during field development: Integrating geomechanics
analysis and expected monetary value

Le Vu Quan', Nguyen Van Thinh?
! Vietnam Petroleum Institute, Petrovietnam, Vietnam
2 Faculty of Petroleum and Energy, Hanoi University of Mining and Geology, Vietnam

In the Cuu Long Basin, oil production from unconsolidated Middle Miocene sandstones is consistently
associated with significant sand production risk, leading to wellbore instability, production interruptions,
and project cost overruns. This study proposes an integrated risk management framework that links
geomechanical analysis with economic evaluation to support decision-making in field development. A one-
dimensional geomechanical model is developed using well data and rock mechanical properties to
determine the in-situ stress state, formation strength, and failure thresholds. Based on this model, the
probability of sand production is quantified under different reservoir pressure depletion scenarios and
production regimes. These probabilities are incorporated into a quantitative risk analysis model using a
Decision Tree approach combined with Expected Monetary Value (EMV), enabling the evaluation and
comparison of development and risk mitigation options. The results indicate that critical drawdown is the
dominant factor controlling formation stability, with the probability of sand production increasing rapidly
when bottom-hole pressure exceeds the mechanical strength limit. The EMV model allows for clear
quantification of the financial impact of each operational scenario, including intervention costs, production
losses, and downtime. Cost—benefit analysis shows that solutions such as gravel pack installation or
drawdown management, although increasing initial capital expenditure, significantly reduce technical risks
and operating costs in the long term, thereby optimizing the overall economic value of the project. This
integrated approach provides an effective quantitative tool for selecting field development strategies,
enabling a balance between technical risks and economic performance under real operating conditions.

Keywords: Project risk management; Sand production risk; Expected monetary value (EMV);
Geomechanics; Cuu Long Basin.
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