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Ung dung 1y thuyét "Toi wu héa di€ém ding cdc qué trinh ngau nhién
vao linh vuc tim kiém tham do dau khi
Tran Xuan Pao' , Nguyén Thé Vinh>* Lé Biic Vinh 2

' Hoi Coéng nghé Khoan - Khai thdc Viét Nam
2 Truong Dai hoc M6 - Pia chat

TOM TAT

Trong linh vuc dau tu cac du an vé dau khi, cdng tac tim kiém tham do dau khi 12 mot cong doan ma chi
phi dau tu ludn chiém mot ty trong 16n va ¢ nhiéu rii ro nhat. Sy thanh bai cua dy an déu phy thudc vao
giai doan nay. Mit khéc, voi ddc th cua cong viée 1a ddi twong nghién ciru nam & chiéu sau 3000-4000m
s0 voi muc nude bién ma lugng thong tin co dugc hét sic it 6i. Trong thye té, bang cdc giai phap nghién
ctru dbi tuong thiéu thong tin nhu toan tir mo, ly thuyet fractal, nguyén 1y tu to chirc, nguyén 1y Synergetic. ..
cling da phan ndo hd tro trong viée danh gia ddi twong va cho phép dua ra dugc céc giai phdp cong nghé
pht hop... Nhung trong linh vuc khoan tim kiém tham do dau khi, van tdi tai & d6 nhiing van dé phtrc tap
va khé khan nhat dinh. Cu thé, dé danh gia va nhan biét duoc dbi tugng tim kiém tham do ¢6 chira dau, khi
hay khong va mirc d6 nhu thé nao, doi hoi phai khoan qua cdc tang dét d4 tram tich cho t6i dbi trong nghién
ctru. Céc dic tinh cua dat da nhu nhiét do, 4p sudt 16 rdng, chat Iuu... trong via ludn la mot thach d6 abi
v6i k¥ su khoan. Khi nao thi t6i vang phire tap c6 nhiét do, 4p. suat di thuong 2, ding lai hay tiép tuc khoan
2 dp dung cong nghé nao ? v.v... Bang viéc _Ung dung 1y thuyét “tdi uu hoa diém dimg” lam cong cu nham
xdc dinh chinh xéc tai thoi diém nao, tai chidu siu nao phai dung cong viée dé 4 dp dung giai phdp cong nghe
khac phit hop hon con néu khong, kha ning gip phai sur o va phire tap c6 thé 1am ting chi phi 1én hang
triéu d6 la My, c6 khi con phai huy bo ludn ca giéng khoan véi hang chuc tri¢u do la.

Tir khéa: diém dung; diu khi; tim kiém tham do; ngéu nhién.

1. Pit van dé

Trong cong téc khoan dau khi, nhat 1a d6i v6i céc giéng khoan tim kiém tham do, ving nghién ctru, dbi
tuong nghién ctru 12 nhitng khu vire méi nén lugng thong tin vé ching 13 qua nghéo nan, ciing chinh vi vay
viéc nhan biét cy thé vé ching hau nhu 14 con s6 khong. Trong nganh khoan lu6n ding thuét ngir 1a “khoan
mu” nham 16t ta hét nhitng kho khin khi khoan vao ving dat ¢4 ma khong c6 14y mot mau thong tin nao.
Do diéu kién dia chat phic tap véi tinh chat dét da khac nhau, muc do gén két, nhiét d6 ap suét chat Iuu. .
ciing khong dong nhat. Trong thyuc té khi khoan tir tang dat d4 nay qua tang dat da khac, chi can khoan séu
thém 10-20 cm 1a ¢6 thé ~gap ngay phirc tap va sy c6 nhu phun trao, chdy nd. hay sap 10 thanh giéng va
ket bo khoan cu & ddy giéng, nhiéu truong hgp mat ludn ca bd khoan cu véi céc thiét bi do hay dong co day
co gla tri hang triéu d6 la My. Nhirng phirc tap trén c6 thé s& gy thiét hai tir vai trim ngan dén phai hay bo
ca giéng khoan vdi gid tri 1én dén hang chuc triéu d6 la My. Trong nhleu truong hop do khong luong trudce
dugc hét tinh phirc tap ctia dbi twong nghién ctru ma da dé Xay ra mét ludn ca gian khoan véi gid tri hang
tram triéu d6 la My. Nén viéc nghién ctru tmg dung 1y thuyét “t5i wu hoa diém dimg” vao quy trinh cong
nghé khoan tim kiém tham do nham xéac dinh chinh x4c thoi diém nao 12 can phai ding khoan dé thay doi
cong nghé hay dp dung giai phdp k¥ thuat phit hgp hon cho khoang khoan tiép theo 12 mot huéng nghién
ctru ing dung c6 tinh kha thi ctia todn hoc vao thyc té san xudt trong tim kiém va tham do dau khi.

2. Ly thuyét t6i wu diém dirng cic qua trinh ngiu nhién

Céch day khoang 50 niam vé trudc, M.Gadner c6 dua ra bai toan: “Chon chdng ciia cong chua”. Noi
dung ctia bai todn 1a: Sau khi 1am quen véi mot hoang tir, cong chiia c6 thé: hodc chip nhén 16i ciu hon
(khi d6 viéc lya chon s& két thic) hodc tir chdi anh ta (khi d6 s& mét anh ta: vi cdc hoang tir kiéu hanh s&
khong bao gid quay lai). Vay thi Cong chiia phai lya chon chién luge nhu thé ndo dé chon dugc nguoi gioi
nhét v&i xdc suét cao nhat.

Vao nam 1965, 6ng E. B. Bunkin trong bai thao luan ctia minh c6 dua ra cong thirc va cch giai cua bai
toan nay, nhung cach giai cia 6ng ta khong bao quat cho cac phuong an khac cuia bai todn, vi du truong
hop cong chiia khong chon ngudi gioi nhat ma chi chon mot trong 3 ngudi gidi nhat thi sao?. Dé giai cdc

* Tdc gia lién hé
Email: nguyenthevinh@humg.edu.vn
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dang nay cua bai todn, S. M. Gusein-Zade da ap dung mot phuong phap cho phép dé dang chuyén d6i sang
giai cdc bai todn gan gidng khac. Va nhu vay, tor mot bai toan vui da nay sinh mot phan cua todn hoc, ly
thuyét toi wu dlem dung cdc qud trinh ngau nhién. Ly thuyét nay da phat trién thanh mot linh viuc méi trong
ly thuyét xdc suat, tham chi 1y thuyét xdc suat (mg dung. Bai toan nay da duoc Berezovskii Boris
Abramovich nghién ciru va dd bao vé thanh cong luan 4n TSKH vé cac dé tai nay.

Noi dung bai todn c6 thé duoc téng quat nhu sau: Cong chua da quyét dinh, c6 ta s& rt hanh phiic néu
nhu chon dugce ngudi thir k vé “phdm chat” trong s tat ca nhitng ngudi duge tuyén chon lam chong. Khi
d6 murc @6 thoa mén cua co ta s& thay doi trong thang diém hay trong 1 don vi dinh mtrc. Tat nhién 13 muc
d6 hanh phic cua c6 ta cang cao thi nguoi chong tuong lai cang t6t. Chién lugc hoan hao nhat cua cong
chia trong truong hop nay 1a sé diém trung binh c6 thé 1a so 16n nhat khong. Trong 1y thuyét xdc suét khdi
niém trung binh duoc xac dinh théng qua khdi niém xdc suat. Trong tinh hudng mé ta thi gid tri trung binh

s& bang tong:
2.b.p,
i=1

Trong d6
pi- Xac sudt ma nguoi dugce chon lam chéng O vitri i theo “phém chat”;
bi- s6 diém chdm theo tiéu chuan cho trudc.

Bai toan ndy duogc giai quyét theo nguyén tic “Lap trinh héa tién trinh”.

Goi g 1a xdc suat thanh cong trong qud trinh kén chdng & thoi diém t, trong diéu kién ngudi duge chon
phai tai gioi hon nhitng nguoi trude. Nghia 13, ¢6 xdc suat ngudi d6 khong chi giéi hon nhitng ngudi trude
ma 1a gioi hon tat ca.

Goi h 12 xdc suat cong chiia cudi ciing c6 thé chon ra ngudi tai giéi nhat, & didu kién co ta bo qua nhiing
chinh kién thir t ban dau va tiép theo 1a img dung chién luoc hiéu qua nhat (& dy ngam ¥ rang, cong chia biét
lam thé nao t6t nhat bat dau tir budc t+1, d6 1a nguyén tac duoc (mg dung trong “Léap trinh héa tién trinh”).

That vay, gi6i han trong truong hop cong chia mudn c6 1 ngudi trong s6 m ngudi chong twong lai gioi
nhét, khong quan trong 1a ai. Gia str néu nhu cd ta khong lya chon duoc dén nguoi thir t. Gid tri hy 1a xdc
sut co ta c6 duoc su chon lua thanh cong. Néu nhu ¢6 ta tir chdi nguoi thr t, va tiép tuc dung chién luoc
hiéu qua nhat cia minh, xédc suét h; s& khong phu thudc vao viée ngudi thir t 1a ngudi nhu thé nao ddi voi
nhitng nguoi trudc. Ma xac suét cong chia chon lya nguoi thir t phy thudc vao diéu d6. Néu nhu anh ta
kém hon ngudi thir m (“theo pham chét”) trong sé nhitng ngudi trude do, thi ching co co hoi thanh cong
nao ca. Néu nhu anh ta tot hon t ngudi trude do6 thi sy lwa chon 13 thanh cong. Gid tri gi(k) 1a xdc sudt thanh
cong, néu nhu cong chua dat sy chon lya & nguoi thir t, trong diéu kién anh ta 1a ngudi thir k theo “pham
chat” trong s t ngudi O day, k 1a s6 (nguyén) bat ki trong khoang tir 1 dén t, cho nén néu k>m, thi g(k)=0.
Chung ta da biét rang ga(k)=1 kh1 k<m va gn(k)=0 khi k>m.

Tt nhiing dac tinh néu trén vé tinh don diéu ciia xdc suat ht va g(k) nhu nhitng ham sd tirt va k. Ton tai
nhiing s6 (nguyén) khong am t;<t<...... <tm<n, théng qua do chién luoc hiéu qua duge miéu ta nhu sau.
Cong chia can phai bo qua t; nguoi, khong ddng y két hon trong bét cir truong hop nao. Nguoi ing cur bt
dau tir s6 to+1 dén t; ¢o ta s€ chon néu nhu anh ta khong té hon ngudi thir 2 ve ¢ pham chat” trong sd tt ca
nhing nguoi trude, va clr tiép tuc nhu vay. C6 ta chon tng ctr vién c¢6 s6 16n hon tn, néu nhu anh ta 12 nguoi
trong s nhitng ngudi gidi nhit trude d6. Néu nhu c6 ta khong gip ngudi thoa min nhung diéu kién trén
thi c6 ta khong thanh cong.

Xuét hién cau hoi: 1am thé nao dé xac dinh duogc ht va gi(k)?

That vay, ta ¢6 hy,=0, gn(k)=1 khi k<m, va gn(k)=0 khi k>m. Gia sur ta da biét xdc suit hy va gi+1(k) cho
tat ca gid tri ciia k. Tinh h,. Néu nhu cong chua bo qua nguoi thi t, trede mit ¢o ta 13 ngudi thir t+1. Anh ta
c6 thé 1a ngudi giéi nhét, hay vi trf thir 2 theo “phdm chét”, hay thir 3,... dén (t+1). D& dang thiy ring xdc
suat trong mdi trudng hop bang nhau va bang 1/(t+1). Néu nhu nguoi t+1 12 nguoi thir k theo © phém chét”
thi xdc suét thanh cOng cua cong chia la max(h1, gu1(k)). Tém lai, véi xdc suét 1/(t+1) thi xac suét thanh
cong bang max(he1, g+1(1)), voi xac suat d6 no bang max(he1, g4+1(2)), va v.v.. Tur d6 ta co:

1+1

1
ht _mzmax(hﬁ—l’gtﬂ(k)) (1)

o t+1—m
= S max(h.,. g, (k)+ """
t+lz a2 814 (K)) r+1 !

k=1

Dé tinh gid tri gt(k), gia st cong chiia chon nguoi thir t, 1a ngudi thir k theo © phém chat” trong s nhiing
nguoi trude do. Dé tinh x4c suét thanh cong cua co ta, hay cho la c6 ta xem tiép ngudi thar t+1 vi hiéu ki.
Vi xdc sut 1/(t+1) anh ta 1a nguoi giéi nhat trong sé nhitng ngudi trude do, voi xdc sudt 1/(t+1) anh ta la
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ngudi gioi thir 2, v.v.. Trong danh sach t+1 ngudi, ngudi ma cong chiia chon lya c6 thé gitr dugc vi tri ciia
minh va la nguoi thir k theo * ‘pham chét”, hodc s& 1bi lai 1 vi tri va 1a nguoi thir k+1. D& dang nhan thay
rang xéc suét cua truong hop 2 1a k/(t+1), con xdic sudt truong hop dau 1a (t-k+1)/(t+1). Nén trong trudng
hop dau xdc sudt thanh cong cua cong chua 1a gt+1(k), con truong hop 2 1a gui(k+1). Khi dé cong thic
tong xdc sudt la:

8= g (k) + g 0 @)

Cong thtc (1)'va (2) cho phép tinh xac suat ht va gi(k) tir dudi 1én, nghia la t=n, ndi tom lai l1a tim chién
lugc phtt hop nhat ctia cong chia.

3. Ung dung Iy thuyét tdi wu héa diém dirng vao qu4 trinh khoan tim kiém thdm do dau khi

Nhu trén da trinh bay, ddi tuong nghién ctru trong qua trinh khoan dau khi 1a céc ting dat d4 tram tich
s& dugc khoan qua. Tinh chit va dic diém méi truong trim tich, thach hoc hau nhu khéng c6 s lidu, c6
thé goi 1a ddi twong thiéu thong tin. Qué trinh choong khoan lam viéc va phé v dét da c6 thé dugc coi 1a
ngau nhién. Thong tin nhan dugc trong qué trinh khoan 12 tdc do phé v dat d4 cua chodng khoan, ngoai ra
con mot s6 tin hiéu khac ciing nhan dugc nhu ham lugng khi, diu va nude xAm nhap vao dung dich khoan,
nhung céc tin hi¢u nay déu c6 mot do tré nhat dinh voi thoi gian thyc cua choong khoan.

Van d¢ ¢ day 1a ung dung 1y thuyét t6i vu diém dimg nay vao thuc té san xudt nhu thé nao? Dé dé dang
va thuan tién trong thu thap, x{r Iy va danh gia thong tin, mdi mot mét khoan dugc sé& dugc léy lam don vi
do. Nhu vay, sau khi khoan dugc mot mét, ching ta s& ¢6 nhitng thong tin sau: van tdc co hoc khoan Ve,
(chi phi thoi gian cho mét mét khoan), ham luong khi xdm nhép trong dung dich Puy, thé tich bé dung dich
khoan AV44, md men quay can khoan M, ... Py 1a nhitng tin hiéu phan dnh truc tiép dén thuc trang & chidu
sau ma choong khoan dang lam viéc. Cac gid tri nay s& dugc phan chia muc do tir an toan dén nguy hiém.
Trén co s6 1y thuyét da trinh bay & trén, cho phép tinh todn gid tri xdc suét trung binh cho timg mét khoan
trén cdc tiéu chi va thang d9 cua cdc thong tin nhén duoc trong qua trinh khoan va gid tri nay s& phan dnh
dén mirc d6 mét an toan cua hé thong Gia s rang, chidu siu giéng khoan hi¢n tai dang ¢ -3000m, trong
nhirng mét khoan tlep theo rat nhiéu kha nang s¢ gép phuc tap hay su ¢6 nhu phun trao, mat dung dich
khoan, sép 1¢ thanh giéng c6 thé gdy mat nhiéu thoi gian va nguy hiém dén sy an toan ctia gian khoan. Nhur
vay, néu khoan duoc dén chiéu siu 3000+n ma khong gap phue tap gi thi c6 nghia la ht =0, g(k)=1, t=1
n, trong trudng hop nay k=m=1, cdon néu khéng khoan duoc mét khoan nao xem nhu that bai. Tir cong thuc
(1) va (2), gia sir n=9 va m=1, tinh todn két qua h, va g(k) duoc trinh bay trong bang 1.

Bdng 1. Két qua tinh todn h; va gi(k)

t 0 1 2 3 4 5 6 7 8 9

g(k) - 2/9 5/12 7/16 13/18 5/6 11/12 | 35/36 1 1
233/ 233/ 233/ 233/

hy 360 360 360 360 28/45 | 41/72 172 7/18 2/9 0

Tir két qua tinh todn, xay dyung biéu dd h; va gi(k) theo mét khoan thtr t dugc thé hién trén hinh 1.

1.00 =

RS NI oo e e e e e e e e e o o
1 ] |y s st glkd

-

060 T e
0.50 qrmmmmrmmmmmmmenes e b T
040 R e
0.30 et e e
0
010 ke e e e
0.00 ; ; ; . . . : .

0 1 2 3 4 5 & 7 8 9

Hinh 1. Biéu do méi quan hé giita h, va gi(k)

Tir két qua nay cho phép xéac dinh rang tai chiéu sau 3000+3,3m, xdc xuét gap phuc tap la rat cao. Tir
két qua nay, cho phép canh bdo can c6 giai phap cong nghé phit hop khi khoan dén chiéu sau nay.
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4. Keét luin

Bing cong cu todn hoc, cu thé 1a “1y thuyét t6i wu héa diém dimg cic qua trinh ngiu nhién” da dugc
sir dung nhu 12 mot cong cu dy bdo ¢6 hiéu qua trong linh vuc tim kiém va tham do dau khi. Hiéu qua nay
da duoc thyc té minh ching trong cong tac thi cong x4y dung céc giéng khoan tim kiém tham do dau khi.
Hiéu qua nay da duoc thyc té minh chiig trong cong tac thi cong xay dung céc giéng khoan tim kiém tham
do déu khi.

Tir két qua trén, cho thdy kha ning img dung toan vao linh vuc dau khi néi chung va tim kiém tham do
dau khi néi riéng 12 hét stirc da dang va hiéu qua. Mbi truong con boé ngo va dang can sy hd trg ctia cdc
NHA TOAN HQC.
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ABSTRACT

Applying the Theory of “Optimal Stopping of Random Sequences”
in O1l and Gas Exploration

Tran Xuan Dao', Nguyen The Vinh?>* Le Duc Vinh?
! Vietnam Association of Drilling and Production Technology
2 Hanoi University of Mining and Geology

When investing the oil and gas projects, the oil and gas exploration process has a large proportion of
investment costs and has the most potential risks. The success of the project depends on this stage. On the
other hand, the researched object of the exploration process is located at a depth of 3000-4000m from the
sea level, but the amount of collected information is very little. In fact, the techniques used to research
objects with unavailable information such as fuzzy operators, fractal theory, self-organization principle,
synergetic principle, etc. have also partly supported object evaluation and used to introduce appropriate
technological solutions... But in the o0il and gas exploration drilling process, certain complex and difficult
problems have not been solved yet. Specifically, in order to assess and identify the occurrence of gas, oil
deposits and potential reserves, it is required to drill through the sedimentary layers to the target. The
determination of reservoir characteristics of rocks such as temperature, pore pressure, and fluid properties...
are always a challenge for drillers. A lot of questions have been quoted such as When to reach the complex
strata with abnormal temperature and pressure? Should we stop or continue the drilling process? Which
technological solutions are applied? etc... By applying the Theory of Optimal Stopping, the right time and
position of stopping the drilling process and shifting the appropriate technological solutions have been
proposed, or if not, the occurrence possibility of problems and complications can increase the project cost
to millions of dollars, even having to perform the well abandonment expensed to tens of millions of dollars.
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