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LOI NOI PAU

Pugc phép cua Bo Gi4o duc va Pao tao va sy ung ho rong réi cua cac t chirc khoa hoc va cong
nghé trén toan quéc, Hoi nghi Toan qudc “Khoa hoc Trai dat va Tai nguyén véi Phét trién bén viing -
ERSD 2018~ dugc t6 chirc tai Truong Dai hoc Mo - Dia chat (HUMG) voi su tham gia va phdi hop
t6 chuc cua nhidu don vi quan Iy, nghién ctu khoa hoc, dao tao va san xuét c6 uy tin goém Truong
Pai hoc M6 - Dia chét, Téap doan Cong nghiép Than - Khoang san Viét Nam, Tong cuc Dia chit va
Khoang san Viét Nam, Tong hoi Dia chat Viét Nam, Cuc Po dac, Ban db va Thong tin dia ly Viét
Nam, Hoi Co hoc da Viét Nam, Hoi Pia chat Thuy van Viét Nam, Hoi Dia chat Céng trinh va Moi
truong Viét Nam, Hoi Khoa hoc Cong nghé Mo Viét Nam, Hoi Ky thuat N6 min Viét Nam, Hoi Cong
nghé khoan - Khai thac Viét Nam, Hoi Tric dia - Ban d - Vién tham Viét Nam, Vién Dia chat thugc
Vién Han 1am KHCN Viét Nam, Vién Dia chat va Dia vat Iy bién thuoc Vién Han 1am KHCN Viét
Nam, Vién Khoa hoc Cong nghé M6 - VINACOMIN, Vién Khoa hoc Dia chét va Khoang san, va
Vién Vit ly dia cau thuoc Vién Han 1am KHCN Viét Nam. Hoi nghi nham tao mét dién dan dé cac
nha khoa hoc, chuyén gia va cac nha quan ly gioi thiéu nhirng két qua nghién cttu khoa hoc méi, trao
dbi thong tin, thao luan va d& xuat cac y twong, husng nghién ciru mai, nhdm nang cao chit luong
cong tac dao tao va nghién cuu khoa hoc, chuyen giao cong nghé va phuc vu phat trién kinh té - x&
hoi, hudng t6i hoi nhap quéc té va phat trién bén viing ddi véi Khoa hoc Trai dat va Tai nguyén thién
nhién va nhiéu linh vuc khoa hoc khac c6 lién quan nhu Co - Bién, Cong nghé Thong tin, Xay dung,...

Trong qué trinh to chirc Hoi nghi, Ban To chirc Hoi nghi da nhan dwoc rat nhidu su quan tam cua
cac nha khoa hoc, nha quéan 1y trong va ngoai nudc, trong d6 c6 hon 300 béo céo va tom tat béo cao
khoa hoc duoc giri t6i Ban bién tap. Trén co s& d6, Ban Bién tap di tuyén chon duoc 234 béo céo co
chat lugng, phan anh nhitng két qua nghién ciru khoa hoc cdng nghé mai nhét thugc nhiéu linh vuc
khac nhau lién quan t6i cac chu dé cua Hoi nghi. Cac thong tin khoa hoc méi dugc trinh bay tai Hoi
nghi dugc ding trong Tuyén tap tém tat céc bao co va Tuyén tap cac bao céo toan van cua Hoi nghi,
trong do6 toan bo thong tin khoa hoc vé hoi nghi duge ghi trong dia CD. Riéng tuyén tap bao c4o toan
van dugc in thanh 16 tap, mdi tap tng véi mot chu dé khoa hoc sau:

. Dia chét va Tai nguyén dia chat

. Dia chét cdng trinh - Dia chét thay vin

. Cong nghé ky thuat mai trong xu ly méi truong

. Quan ly Tai nguyén va Mo6i truong

. Sinh thai méi truong va Phét trién bén viing

. Nhiing tién bo trong Khai thac mo

. Nhitng tién bo trong Tuyén khoéng

. Nhiing tién bo trong Xay dung cong trinh ngam

. Nhirng tién bo trong Vat liéu va Két ciu xay dung

10. K¥ thuat Dau khi tich hop

11. Trac dia cao cap va Quan tric dia dong hrc

12. Cong nghé vién tham va dir liéu khdng gian

13. C6ng nghé thdng tin va tng dung

14. K§ thuat Bién va Bién tu

15. Ky thuat diéu khién va Ty dong hoa

16. Ky thuat Co khi va Bong luc

Ban to chuc xin tran trong cam on Trudng Pai hoc Mo - Dia chét, véi tu cach 1a don vi dang cai
va chii tri Hoi nghi, cliing cac don vi dong t6 chie da hop tac va gép phan quan trong vao su thanh
cbng cua Hoi nghi ndy. Cam on céc nha khoa hoc da dong gdp cac cong trinh khoa hoc cho Hoi nghi
va dic biét 1a cac chuyén gia dd tham gia bién tap dé nang cao chit lugng cua bao céo khoa hoc.

Mic du da cb gang bién tap dé dam bao chat luong ciia cac bao cao khoa hoc nhung khdng thé
tranh khoi céc 18i ky thuat trong cac bao céo, rat mong nhan dugc sy cam thong cua tac gia bao céo
va ban doc. Ban t6 chirc mong mudn tiép tuc nhan duoc su hop téc chit ché va gop y chan thanh cua
cac don vi va ca nhan ddi vai viéc td chirc va bién tap, xuat ban céac két qua khoa hoc caa Hoi nghi
nham nang cao chat luong cua cac hoi nghi tiép theo va gop phan thiic day sy phat trién bén viing cia
cac hoat dong nghién ciru khoa hoc, chuyén giao cong nghé thugc cac linh vuc Khoa hoc Trai dat va
Tai nguyén va cac linh vyc khoa hoc khac cd lién quan
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THAY MAT BAN TO CHUC
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Giai phap toi vu trong khai thac gaslift tai cac gieng dau
c6 ham lugng nuéc cao & mé Thang Long
~ Nguyén Hai An**, Nguyén Vin Thinh?
Tong cong ty Tham do Khai thac Dau khi (PVEP)
2 Khoa Ddu khi, Truong Dai hoc Mé-Dja chat (HUMG)
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TOM TAT

Gaslift hién 1a phuong phap nang nhan tao dang dugc ap dung rong réi trong céc giéng dau & cudi thoi ky
khai thac c6 ham lwong nuéc cao va 1an tap chit co hoc. Mo Thiang Long 1a mét trong nhitng mo da va
dang 4p dung khai thac thir cip bang gaslift trén co s sir dung khi ddng hanh 1am khi nén gaslift. Ham
lwong nuéc trong chat luu khai thac cang tang 1én, luong dau khai thac duoc trén mot don vi khi gaslift
ding dé bom ép ciing giam di dang ké, thém vao dé 1a chi phi xir Iy nuwéc dan dén hiéu qua kinh té bi anh
huong nghiém trong. Muc tiéu quan trong nhét trong viéc ap dung lau dai phuong phép khai thac gaslift
lién tuc 1a t6i da hoa loi ich klnh té cia mo dau. Bé dat duoc diéu nay, muc tiéu tdi wu hoa phai tinh dén
chi phi bom ép khi gaslift (bao gdm chi phi nén khi), gia ban dau va khi, chi phi san xuat khac, su mat gia
cua tién va ty 18 lam phat, tat ca co thé thay ddi theo thoi gian. Trong nghlen ciu nay, gia tri hién tai rong
(NPV) cua mo duogc tinh toan dé dat muc tbi da, tir d6 diéu chinh cac thong sé quyét dinh trong sudt thoi
gian khai théc cia mo bao gom: Iuu lwong khi bom ép, 4p suat binh tach va duong kinh dng khai théac.
Nhu vay, md hinh loi nhuan kinh té chinh 1a ham muc tiéu cta qué trinh téi wu héa khai thac gaslift lién
tuc.

Tir khoa: Gaslift, Toi wu hoa khai thac gaslift, M6 hinh héa, M6 Thang Long

1. Pit van dé

Mo Thiang Long nam & Lo 02/97, phia Pong Bac cua bon triing Ciru Long cach thanh phé Viing Tau
khoang 160 km vé phia Pong (Hinh 1). Chidu shu muc nudc bién khoang tir 40m dén 70m. Mo dugc phét
trién khai thac tir nim 2014 cing véi mo Pong Do. Trong giai doan xay dung va lip dat cong trinh ngoai
bién da co tdng sb 9 giéng khai thac duoc khoan vao ca 3 ddi twong, bao gom: TL-1P; 2P; 3P; 4P; 5P; 7P;
8P va 2 giéng khoan tham do két hop khai théac (TL-9XP; TL-10XP). Tat ca céc giéng khoan phat trién
trén mo Thang Long duoc thiét ké véi quy dao hinh chir J. Tang va giit géc nghiéng trong cong doan 167
va 12-1/4”. Trong cong doan khoan 8-1/2” cac giéng dugc khoan ngang va song song theo via chira dau.

Déi v6i Mo Thing Long, day 1a mot trong nhitng mo di va dang ap dung khai thac thir cap bang gaslift
trén co so sir dung khi dong hanh 1am khi nén gaslift. Tuy véy, theo thoi gian ning lugng via giam dan
dén nhu cau dung khi gaslift d& bom ép ciia toan bo mo ting 1én dang ké trong khi kha nang cung cap khi
gaslift 1a c6 han dan dén su thiéu hut ngudn khi gaslift trong twong lai. Mit khac, ham lugng nudc trong
chat Iuu khai thac cang ting 1én, luong dau khai thac duoc trén mot don vi khi gaslift dung dé bom ép
cling giam di dang ké, thém vao d6 1a chi phi xir Iy nuéc dan dén hiéu qua kinh té bi anh huong nghiém
trong. chinh vi vdy, viéc dam bao hiéu qua st dung khi gaslift cho toan moé tré nén ngay cang cap thiét,
doi hoi phai ¢ nhitng nghién ciru nham téi uu héa ché do cong nghé cho ting loai giéng, ciing nhur lugng
khi phan phdi cho céc giéng trén toan mé ma van dam bao dwoc san lugng khai théc dau trong ting giai
doan khai thac cua mo. Nhu vay, véi thuc trang hién nay cua mo Thang Long, nang lugng via giam dan
V6i d6 ngap nudc trong san pham khai thac ngay cang tang, s6 luogng giéng co luu luong thap chiém ty
trong cao, chi phi khi nén dé khai thac 1 tin dau ting theo thoi gian, hiéu qua khai théc thap va ton hai via
I6n. Diéu nay doi hoi phai ¢ nhiing nghién ctru va dé xuat cac giai phap cong nghé - k¥ thuat nham toi
uu hoa lgi nhuan chung trong ca hé thong khai thac gaslift.

*Tac gia lién h¢
Email: annh1@pvep.com.vn
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Hinh 1. Vi tri dia ly mé Thang Long

2. Xac dinh ché d§ cong nghé gaslift cho tirng giéng khai thac mé Thing Long

Sau mot thoi gian dai khai thac, niang lwong ty nhién cua via s& giam, thuc té cho thdy &p suit céc via
san pham délu khi mo Thang Long da suy giam rat nhiéu. Vi vay, dé tang hiéu qua trong khai thac gaslift,
chung ta can phai c6 nhitng tinh toan cu the va phi hop véi céc thdng sé ddi véi ting gleng, trong do ta
can tinh lai do sau dat van gaslift cua c4c giéng va tan dung cac tii mandrel di dwoc gan san trén ong khai
thac dé lap van gaslift mai. Két qua tinh toan do sdu dit van gaslift theo diéu kién via hién tai va két qua
cuia qua trinh xay dung mé hinh mé phong cua céc giéng twong @ng véi tirng thoi diém khac nhau, tir d6
riit ra danh gia cho tirng giéng.
2.1. Tang Mioxen dwdi

Tir nhitng thong sb ban dau caa giéng 4P tng véi cac mirc luu lugng khi nén tir 0-2000 Mscfingay, ta
c6 biéu dd &p suit day giéng theo luu luong khai thac nhu sau (Hinh 2). Trong Hinh 2, cac duong GL_0,

GL 500, GL_1000, GL_1500, GL_2000 la duong VLP tuong tng véi cdc muc luu lugng khi nen 0, 500,
1000, 1500, 2000 (mscf/ngay).
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Liru hrgng chét long khai thac, thiinp/ngay Linu legmg khi nén, mscfingay
Hinh 2. Ap sudt ddy giéng theo luu hrong chat Hinh 3. Moi quan hé giita luu lhirong chat long
Iong khai thac khi thiz via - gieng 4P khai thdac va leu leong khi nén khi thec hién thar
via, ¢ ché d¢ khai thdc ban dau va hién tai - giéng

4p

Hinh 2 biéu dién duong dc tinh dong chit luu tir via khi thuc hién thir via (IPR) va duong VLP cia
dong chay trong 6ng khai thac, dya trén sy giao nhau gitra hai duong, ta c6 biéu dd mdi quan hé gitra luu
lwong chat long khai thac va luu lwong khi nén & cac truong hop khac nhau. O day, ta xét 3 trudng hop
cac duong IPR cua via khac nhau: khi thir via ban dau, khi dwa giéng vao khai thac va ¢ ché d¢ khai thac
hién tai (Hinh 3).

2.2. Tang Oligoxen dudi

Tu nhung thdng sb ban dau cua giéng 10P va cach xay dung mé hinh md phong cho tung giéng, twong
g véi cac mire Iuu lwong khi nén tir 0 — 2000 Mscf/ngay, ta cé biéu do ap Suét day gleng theo luu lugng
khai thac nhu sau (Hinh 4). Twong ty nhu trén (muc 2.1), tir Hinh 5 ta ¢6 biéu d¢6 mdi quan hé gitra luu
lwong chat long khai thac va luu lwong khi nén khi thyc hién thir via, & ché do khai thac ban dau va ché
d6 khai thac hién tai.
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2.3. Tang Mong
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Tuong tu nhu cac phan truéc, tir nhiing thong s6 ban dau cua giéng TL-1/2/8P va cach xay dung mo
hinh md phong cho tung gleng, tuong ung véi cac mire Iuu lugng khi nén tir 0 — 2000 Mscf/ngay, ta xay
dung dugc biéu do ap suat day giéng theo luu lugng khai théc. Tir d6 suy ra biéu ¢6 méi quan hé gitra luu
luong chat long khai thac va luu lwong khi nén trong 3 truong hop: theo két qua thir via ban dau, theo ché
d6 khai thac ban dau va theo ché do khai thac hién tai. Dudi day s& trinh bay két qua tinh toan cho tirng

giéng (Hinh 6-11).
* Giéng 1P
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Hinh 6. Ap suat day giéng theo luu lwong chat Hinh 7. Moi quan h¢é giita luu lwong chat long
long khai thac - gieng 1P khai thdac va luu lwong khi nén khi thyc hién tha
via, ¢ ché d¢ khai thdc ban dau va hién tai - giéng
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Hinh 8. Ap sudt day giéng theo leu heong chdt long
khai thac - gieng 2P

Hinh 9. Méi quan hé giita heu heong chat long
khai thac va luu lwong khi nén khi thec hién tha
via, ¢ ché dg khai thac ban dau va hién tai -
giéng 2P
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Hinh 10. Ap sudt day giéng theo luu lirong chdt Hinh 11. Mai quan hé giita lwu lwong chat léng
Iéng khai thac - giéng 8P khai thac va luu lwong khi nén khi thuc hién the
via, ¢ ché dg khai thac ban dau va hién tai -
giéng 8P

Nhdn xét chung: Qua xay dung nhitng mé hinh trén, ta nhan thiy tang Oligoxen dudi ning lwong con
tuong d6i cao, vi thé giéng TL-10P van con kha ning khai thac tu phun, chwa nhét thiét phai khai thac
bang gaslift. Chinh vi vay, ta chi can xét vai 4 giéng con lai (TL-1P/2P/4P/8P). Nhiing giéng ¢ tang
Mébng c6 d6 ngap nudc cao (WCT tir 70 dén 90%) doi hoi phai c6 phuong phap t6i wu khai thac gitp dat
hiéu qua cao nhat ma khong qua 1am tén hai dén via khi phai khai thac I&n qua nhiéu nuéc.

3. To6i wu héa khai thac gaslift vé kinh té

Trong noi dung nghién ciu ndy, md hinh lgi nhuan kinh té chinh 1a ham muc tiéu caa qué trinh t6i uu
hoa khai thac gaslift lién tuc. Diéu d6 c6 nghia 1a tit ca cac mo hinh dugc xay dyung va tinh toan sao cho
loi nhuan vé kinh té 12 16n nhat. O giai doan dau khai thac, nang lugng via cao, giéng c6 thé khai thac tu
phun va d6 ngap nudc cua giéng thap, lugng dau khai thac ty 1é thuan véi loi nhuan. Tuy nhién, sau mot
giai doan khai thac dai, nang lwong via suy giam nghiém trong, giéng khdng con kha nang ty phun.
Thong thuong, khi kha nang tu phu kém hiéu qua, nguoi ta chuyén sang dung phuong phap khai thac
gaslift, didu nay dan dén lam tang chi phi. Mat khac, do ngap nudc cua giéng cao, ddng nghia vai luong
dau thu duoc trén mot don vi chit luu khai thac duoc & giam, kém theo d6 1a chi phi tang l1én do sy tang
chi phi cua viéc tach va xir ly nuéc. Gid tri rong hién tai trong khoang thoi gian t nhu sau:

{NPV}t = PViev ity — PVeaa ity 1)
Trong d6: PV, .+, = [Luong dau khai thacx Gié dau]t;
PV,ast 1 = [Lugng khi x Chi phi nén]t +[Lwong nudc khai thac x Chi phi xir Iy nudgc]t.
. Trong khuon khé cua nghién ctu nay, nhém tac gia tinh gia tri NPV cho khoang thai gian 30
ngay.
{NPV}30 = PVieriao) — PVogeran (2
Trong d6: PV, 2g, = [Luong dau khai thac trong 30 ngayx Gia dau]t

PV, .z 30, = [Luong khi nén trong 30 ngay x Chi phi nén]t + [Lugng nudc khai thac trong 30
ngay x Chi phi xtr Iy nuéc]t.

M hinh lgi nhuan kinh té gitp uée lugng loi nhuan trong mot khoang thoi gian cho truéc, bao gom ca
doanh thu va chi phi. Nhitng md hinh nay tinh toan gia tri rong hién tai (NPV) bang gia tri hién tai cua
dong doanh thu PV, trir di gia trj hién tai ciia chi phi san xuat PV, trong d6 doanh thu PV,,. phan &nh
gié tri thwong mai cua dau khi. PV,,., dugc tinh nhu gia tri hién tai cua tong luong chi phi can c6 dé duy
tri sy khai thac cua giéng trong khoang thoi gian cho truge. Chi phi ndy bang tong chi phi san xuat va
thué. Chi phi san xuét nay lién quan dén qua trinh khai thac va bao tri caa giéng. Phan chi phi tra thué
dugc wdc tinh dua trén gia tri hién tai cua dong doanh thu va luat thué hién hanh. Tuy nhién, dé don gian
hoa trong tinh toan, ta coi thué l1a gié tri khong do6i va chi xét t6i wu vé loi nhuan va chi phi san xuat. Trén
co s¢ d6 nhom tac gia xem xét cac truong hop tuong ng véi cdc mire luu lwgng khi nén khac nhau cung
cap cho hé thdng.



3.1. Trwomg hgp ché dg khai thac cuc dai (khdng bi gidi han lwu lwgng khi nén)

Trong truong hop khong bi gisi han Iuu lugng khi nén, ta chon diém c6 Iuu luong khai thac duoc 1a
I6n nhét (diém cuc dai) cho mdi giéng, twong tng véi cac mirc Iuu lwong khi nén nhu Hinh 12.
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Hinh 12. Lweu lwong khai thdc theo heu lrong khi nén ¢ céc giéng khi khdng giGi han heu hirong khi nén

Tir cac diém duoc chon nhu trong biéu do, ta c6 bang luu luong khai thac cuc dai twong ung véi luu
lugng khi nén nhu sau (Bang 1).

Bang 1. Luu lrong khi (Qg) va long (Ql) ¢ ché dé khai thac cue dai (khdng gidi han lieu heong khi nén)

Giéng Qg (mscf/ngay) Qi (thung/ngay)
TL-1P 2000 1090
TL-2P 1000 2350
TL-4P 1500 500
TL-8P 2000 1990

Dua yao cong thac tinh do ngam nuéc WCT, ta 6 cong thire tinh luu lugng nude khai thac Qu va luu
lwong dau Q, theo luu lwgng chat long khai thac Qi nhu sau:

@y = Q= WCT (3)

, . '?n = '?u' - Qh' (4)

T cbng thtce tinh ty s6 khi dau GOR, ta tinh dugc luu lugng khi khai thac dugc Qg nhu sau:
Q@ap = @, % GOR %)

Ta c6 Qg la Iuu lugng khi nén cao &p s& dugc bom ép vao giéng, bao gom Qgp 1a Iuu luong khi tach
dugc tir dong khai thac va da c6 ap suat cao (khdng chiu phi nén) va Qeom 14 luu lugng khi s& phai chiu
chi phi nén. Gié tri cua Qeom & bang hiéu ciia Qq va Qgp (CONg thirc 6):

, '?rmﬂ; = Q,q + Q,qu , (6) i
Tur cdng thtc tu (3) dén (6) va bang 1, ta tinh dugc Qo, Qw, Qgp, Qeom CuA CAC giéng cho truong hop ché
d6 khai thac cuc dai (khéng gidi han luu lugng khi nén) nhu trong Bang 2.
Bang 2. Luong dau, khi va nueée cho trirong hop khong gidi han heu lieong khi nén

Qg Ql Qo Qw Qgp Qcom WCT GOR
Giéng (mscfin | (thung/n | (thung/n | (thang/n | (mscf/ | (mscf/ (%) (mscf/

gay) gay) gay) gay) ngay) | ngay) thung)
TL-1P 2000 1090 152,6 937,4 114,45 | 1885,55 86 0,75
TL-2P 1000 2350 705 1645 528,75 471,25 70 0,75
TL-4P 1500 500 350 150 73,50 1426,5 30 0,21
TL-8P 2000 1990 199 1791 149,25 | 1850,75 90 0,75
Tong 6500 5930 1406,6 4523,4 865,95 | 5634,05

3.2. Trwong hep ché d@é khai thac toi wu thir nhat

Trong trudng hop ndy, cac tiép tuyén cua duong luu lugng khai thac duoc vé di qua gbc toa do, cac



tiép diém nay s& duoc chon dé tinh toan NPV twong ng véi mute chi phi khi nén va lwu luong khai thac
(Hinh 13).
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Hinh 13. Luu lwong khai théc theo luu lirong khi nén ¢ cac giéng trong triong hop toi weu thir nhat

Tir cac diém duoc chon trén Hinh 13, ta c6 bang Qqva Q| twong tng (Badng 3). Tuong ty nhu cdc tinh
toan trong muc 3.1, ta xac dinh dugc gié tri Qo, Qw, Qgp, Qcom cua Cac giéng nl}u trong béng 4,
Bdng 3. Luu lwong khi (Qg) va long (Ql) ¢ ché dé khai thac toi wu thir nhat

Giéng Qg (mscf/ngay) Qi (thung/ngay)
TL-1P 920 960
TL-2P 450 1650
TL-4P 550 280
TL-8P 500 1400
Bdng 4. Luong dau, khi va nudc cho truong hop ché do khai thac toi wu thir nhat
Qg Ql Qo Qw Qgp Qcom WCT GOR
Giéng (mscf/n | (thung/n | (thung/n | (thang/n | (mscf/ | (mscf/ (%) (mscf/
gay) gay) gay) gay) ngay) | ngay) thing)
TL-1P 920 960 134,4 825,6 100,8 819,2 86 0,75
TL-2P 450 1650 495 1155 371,25 78,75 70 0,75
TL-4P 550 280 196 84 41,16 508,84 30 0,21
TL-8P 500 1400 140 1260 105 395 90 0,75
Tong 2420 4290 965,4 33246 | 618,21 | 1801,79

3.3. Trwong hep ché dé khai thac téi wu thir hai

Trudng hop nay, ta vé cac tiép tuyén cua duong luu lugng khai thac cuia cac giéng song song véi nhau,
cac tlep tuyén nay duoc chon dua trén dong thai khai thac cia cum giéng khai thac trong ting méng. Cac

tiép diém cua cac tiép tuyén nay dwoc chon 1a diém dé tinh todn NPV cho hé théng nhu hinh 14.
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Hinh 14. Lwu lwong khai thdc theo heu lirong khi nén ¢ cac giéng trong trieong hop toi wu thit hai



Tir cac diém duoc chon trén Hinh 14, ta ¢6 bang Qgva Q| tuorng ng (Bang 4). Tuong ty nhu céc tinh todn

trong muc 3.1, ta xac dinh dugc gia tri Qo, Qw, Qgp, Qcom Clia CAC giéng nhur trong bang 5.
Bang 4. Luu lrong khi (Qg) va léng (Q1) & ché dé khai thac téi weu thik hai

Giéng Qg (mscf/ngay) Qi (thung/ngay)
TL-1P 930 950
TL-2P 600 1980
TL-4P 400 185
TL-8P 700 1700
Bang 5. Luwong dau, khi va nude cho truong hop ché dé khai thac toi wu thir hai
) Qg Ql Qo Qw Qgp Qcom weT | CGOR
Giéng (mscf/n | (thung/n | (thung/n | (thang/n | (mscf/ (mscf/ (%) (mscf/
gay) gay) gay) gay) ngay) ngay) thing)
TL-1P 930 950 133 817 99,75 830,25 86 0,75
TL-2P 600 1980 594 1386 4455 154,5 70 0,75
TL-4P 400 185 129,5 55,5 27,195 372,805 30 0,21
TL-8P 700 1700 170 1530 127,5 572,5 90 0,75
Tong 2630 4815 1026,5 | 3788,5 | 699,945 | 1930,055

3.4. Trwong hep ché dé khai thac toi wu thir ba

Khéc véi truong hop dugc trinh bay trong muc 3.3, truong hop nay ta vé céc tiép tuyén cua duong luu
lwong khai thac cua cac giéng song song v¢i nhau va dugc chon dya trén dong thai khai théc cua giéng
TL-4P tang Mioxen dudi. C4c tiép diém cua cac tiép tuyén nay duoc chon 1a diém dé tinh toan NPV cho
hé théng (Hinh 15).
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Hinh 15. Luu heong khai thdc theo heu lwong khi nén ¢ c&c giéng trong trieong hop téi wu thir ba

Tuong ty ta c6 bang Qg va Q) trong tng (Bang 6) va gié tri Qo, Qu, Qgp, Qeom Clia C4C giéng nhur trong

bang 7.
Bang 6. Luu lirong khi (Qg) va léng (Q) ¢ ché dé khai thac toi weu thir ba
Giéng Qq (mscf/ngay) Qi (thung/ngay)
TL-1P 910 920
TL-2P 500 1910
TL-4P 330 100
TL-8P 650 1610
Bdng 7. Lwong dau, khi va nueée cho trirong hop ché dg khai thac toi wu thir ba
Qg Ql Qo Qw Qgp Qcom WCT GOR
Giéng (mscfing | (thang/n | (thung/n | (thang/n | (mscf/ | (mscf/ (%) (mscf/
ay) gay) gay) gay) ngay) | ngay) thung)
TL-1P 910 920 128,8 791,2 96,6 813,4 86 0,75
TL-2P 500 1910 573 1337 429,75 70,25 70 0,75
TL-4P 330 100 70 30 14,7 315,3 30 0,21
TL-8P 650 1610 161 1449 120,75 529,25 90 0,75
Tong 2390 4540 932,8 3607,2 661,8 1728,2




3.5. Truwong hep ché dé khai thac téi wu thir e

Trong truong hop ndy, véi cac giéng tang Mong (TL-1P/2P/8P) ta giir nguyén ché d¢ khai thac da
duoc chon & truong hop ché do khai thac téi wu thir 3, chi diéu chinh luu lugng khi nén cap cho giéng
TL-4P ¢ tang Mioxen nén dé giéng lam viéc o ché do khai thac cuc dai (nhu truong hop ché do khai thac
cuc dai). Ta 6 biéu d6 luu luong khai thac theo luu lwong khi nén gaslift cua ting giéng & mo Thing
Long nhu hinh 16.
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Hinh 16. Lweu lwong khai thdc theo heu lirong khi nén ¢ cac giéng trong triweong hop toi wu thit tue

Tuong tu ta c6 bang Qqva Qi twong ing (Bang 8) va gia tri Qo, Qw, Qgp, Qcom ClIA CAC giéng (Bang 9).
Bang 8. Luu lwong khi (Qg) va long (QI) ¢ ché dg khai thac toi wu thir tw

Giéng Qq (mscf/ngay) Qi (thung/ngay)
TL-1P 930 950
TL-2P 600 1980
TL-4P 1500 500
TL-8P 700 1700
Bang 9. Lurong dau, khi va nurée cho trieong hop ché do khai thac toi wu thir tur
Qg Ql Qo Qw Qgp Qcom WCT GOR
Giéng (mscfin | (thung/n | (thang/n | (thang/n | (mscf/ | (mscf/ (%) (mscf/
gay) gay) gay) gay) ngay) | ngay) thung)
TL-1P 930 950 133 817 99,75 830,25 86 0,75
TL-2P 600 1980 594 1386 4455 154,5 70 0,75
TL-4P 1500 500 350 150 73,5 1426,5 30 0,21
TL-8P 700 1700 170 1530 127,5 572,5 90 0,75
Tong 3730 5130 1247 3883 746,25 | 2983,75

4. Két luan

Sau mot thoi gian khai thac, ning lwong via suy giam, dic tinh via va chét luu via ciing thay ddi, hiéu
qua khai thac bi anh huéng I6n, doi hoi phai c6 phuong phéap diéu chinh ché do cong nghé phi hop véi
nhimg thay ddi nay. Giai phép chinh Ia sir dung phuwong phap xay dung mé hinh két ndi hé thong caa mo
Thang Long dua trén cac md hinh md phong nho hon cuia cac giéng khai thac. Thuc trang do ngap nuée
cao cua Cac giéng, dac biét vai céc giéng ¢ ting Méng, dan dén hiéu qua khai thac bi giam st nghiém
trong, kéo theo do6 lgi nhuan tir viéc ban dau ciing bi anh huéng I6n do chi phi tch va xir 1y nudc ting
cao. Phuong 4n dé xuit dya trén két qua tinh toan ché do cong nghé dé mang lai gié tri loi nhuan cao nhét
nhu trong bang tong hop dudi day.

, Qg Ql Qo Qw Qup Qcom

Gieng (mscf/ (thang/ (thung/ (thang/ (mscf/ (mscf/
ngay) ngay) ngay) ngay) ngay) ngay)

TL-1P 930 950 133 817 99,75 830,25
TL-2P 600 1980 594 1386 4455 154,5
TL-4P 1500 500 350 150 73,5 1426,5
TL-8P 700 1700 170 1530 127,5 572,5
Tong 3730 5130 1247 3883 746,25 2983,75




Trén co s cac két qua nghién ciru duoc trinh bay trong bai bao, nhém nghién cuu kién nghi cho phep
&p dung céc két qua nghién ctu nay vao cac giéng khai thac dau bang gaslift & mé Thang Long. Déi véi
cac vang mo khéc trong thém luc dia Viét Nam c6 diéu kién twong tu ciing ¢ thé sir dung phuong phap
nghién ctru nay vao cdng tac thiét ké ché do khai thac cho toan hé théng khai thac gaslift lién tuc.
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ABSTRACT

Solutions to gaslift optimization in producing reservoir with high

water concentration at Thang Long oil field
Nguyen Hai An*", Nguyen Van Thinh?
!PetroVietnam Exploration Production Corporation (PVEP), Vietnam
2Faculty of Oil and Gas, Hanoi university of Mining and Geology (HUMG), Vietnam

Artificial gas lift is frequently used to boost the production rate of mature oil fields. The ultimate aim is to
design and operate a gas lift system that can maximize the economic return of the well over a long period.
The oil production in the Thang Long field, in secondary recovery period, is contrained by the gaslift
application with utilizing associated gas. The high water-cut of production stream can increase the
amount of gas for lifting a volume unit of crude. In addition, the production operation is costly because
water/oil rate and gas/oil ratios can be high and production rates are low. The ultimate aim in the long-
term application of the continuous gas lift process is the maximization of the economic return of the oil
field. To this end, the optimization target must take into account the cost of lift gas injection (including
re-compression costs), the sale price of oil and gas, various other production costs, the money discount
rate and the rate of inflation, all of which may change over time. In this study, the net present value (NPV)
of the field is maximized, adjusting decision parameters including the flow rate of the injected gas,
separator pressure and, if warranted, the tubing diameter over the production life of the field. The results
obtained using realistic economic data suggest that the best NPV is obtained by dividing the period
operation into a suitable number of consecutive sub-periods with different operating parameters.
Keywords: Gaslift, Gaslift optimization, Modeling, Thang Long oil field
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Striations at the base of the paleo-fan and channel in offshore
Cameroon revealed by 3D seismic data
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ABSTRACT

The 3D seismic data, offshore Cameroon, reveals the evidence of a Pliocene fan and a channel with a
series of striations at their base. The fan and channel are developed in early Pliocene, characterized by
high amplitude reflections with bi-directional downlap on the base of the Pliocene sequence, interpreted
to be deep-water sand-rich fan, channel. Pliocene channel flows from east to west in the High Gradient
Slope (HGS), whereas, the fan is extending from NE to SW on the Low Gradient Slope (LGS). Individual
striations have been imaged that are 20 - 50 m wide, c. 10 - 20 km long and 4 - 8 m deep, trending NE —
SW and E-W, slightly divergent patterns toward downslope. Striations are observed at the base of fan and
channel suggest for the beginning of a period of unstable slope creating NE-SW slides in LGS and
erosion in HGS, followed by the deposition of large scale fan deposits on the LGS and series of parallel
aggradational channels in the HGS. The striated unconformity at the base of the Pliocene sequence is
possible the result of a major tectonic uplift event or significant climate changes.

Keywords: Striation; Pliocene fan; Channel; Cameroon

1. Introduction

Submarine landslides are common features of ocean margin and play important role in the evolution of
the ocean margins (Gee et al., 2007), capable of transporting sediment across the whole width of the
continental rise to the abyssal plain (Hampton et al., 1996). Some of the largest known submarine
landslides involving hundreds to thousands of cubic kilometers of material have been documented on
Atlantic margins, which extend for > 700 km, such as the Saharan Slide (Embley, 1976) and the Storegga
Slide (Bugge et al., 1988). Recent advances in three dimensional seismic techniques are allowing new
insights into slope processes, improving our understanding of submarine landslide structure, flow
mechanics and triggering (Gee et al., 2006). The term ‘landslide’ is used as a general term to describe a
slope failure with no implication of specific process or geological setting (Gee et al., 2007). Submarine
slides are common in five environments: (1) fjords, (2) active river deltas, continental margins, (3)
submarine canyon-fan systems, (4) open continental slope, and (5) oceanic volcanic islands (Hampton et
al., 1996).

The study of landslide and debris flow revealed the presence of an extensive shear layer underlying
more than 450 km of the deposit, upon which the flow appeared to have gained enhanced runout (Masson
et al., 1993, Gee et al., 2001). The mechanism of generation for this basal layer was speculated to have
been erosion and shearing of the substrate by the overriding flow, resulting in the basal striations (Gee et
al., 2006).

This paper describes a newly discovered Pliocene submarine fan and channels on the deep water slope
of Cameroon (West Africa), using 3D seismic data. Detailed analysis is presented of the paleo submarine
fan and channel with insight into their striated bases and possible triggering process.

2. Geological background

Located in Kribi-Campo sub-basin on the present day deep-water continental margin slope, the study
area covers an area of 1500 km?, and contains a sedimentary section up to 6.5 km thick, ranging in age
from Upper Cretaceous to present (Fig. 1). This study is focused on the shallow section, from Pliocene to
Pleistocene. The area is divided into a High Gradient Slope (HGS) and Low Gradient Slope (LGS) based
on slope gradient. The high gradient slope dips to the west (3.4° to 1.6°), associated with the Kribi High;
the low gradient slope (2° to 0.7°) dips southwest. These two geomorphic areas are separated by a line
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trending approximately NE — SW that varies slightly in location at different stratigraphic level but retains
the same trend (Fig. 2).

The Kribi-Campo sub-basin is the northernmost of a series of salt basins on the West Africa margin. It
is bounded to the east by Precambrian basement outcrops that occur close to the shoreline, the southern
margin is limited by the Kribi Fracture Zone (KFZ) (Fig. 1), which separates the Kribi-Campo sub-basin
from the Equatorial Guinea Rio-Muni basin. The northwest limit of the basin is bounded by another
facture zone, and a further c. 100 km to the northwest is the Cameroon Volcanic Line (CVL), a NE — SW
trending feature that extends onshore. The basin extends south offshore, across a shallow shelf into the
deep water area of Equatorial Guinea.

The basin was initially a rift branch of the proto-Atlantic, which includes the Rio-Muni, North Gabon
(West Africa), and Sergipe-Angolas (Brazil) (De Matos, 1992, Davison, 1997). During the laterpassive
margin phase, the basin experienced several additional regional tectonic events resulting in inversion and
folding in the Santonian, and gravity sliding during Early/Mid/Late Tertiary time. These events are
marked by major unconformities including the Albian-Aptian break up unconformity (115 Ma), middle
Cretaceous (Santonian - ~ 85 Ma), late Cretaceous (K/T boundary - ~ 70 Ma) and mid-Oligocene (~ 30
Ma), mid-Miocene (~ 15 Ma) and late Tertiary event (~ 5.3 Ma) (Fig. I.5) (Turner, 1995, Lawrence et al.,
2002, Brownfield and Charpentier, 2006)
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Figure 1. Bathymetry map of the continental slope on the Cameroon margin. It shows the location of
the study area, the two wells that have been drilled within the basin (Pauken, 1992), and the location of

the fracture zone system (Meyers et al., 1996). The coastline and river system is extracted from the
National Geophysical Data Centre (NGDC) (http://rimmer.ngdc.noaa.gov/mgg/coast/getcoast.html).
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Figure 2. The figure showing a 3D view of the study area, which is located in a water depth ranging
from 1.4 to 2.6 s TWT. The slope area is divided into two slopes, a High Gradient Slope (HGS) dipping
southeast (3.4° down to 1.6°) and a Low Gradient Slope (LGS) dipping west (2° down to 0.7°). Seafloor is
imaged by an azimuth attribute map, showing a number of gullies derived from the east northeast. The
basin fill sequence is divided into three mega sequences; Upper Cretaceous, Paleogene-Miocene and
Pliocene-Pleistocene (focus of this study).

3. Dataset and Methodology

The data used for this study comprises a high-resolution 3D seismic dataset, covering an area of 1500
km? (Fig. 1 & 2). It includes c. 1581 inlines and 2051 crosslines with a line spacing of 25 m, and a record
time of 6.6 s TWT. The study interval ranges Pliocene to Pleistocene in age. Standard seismic processing
was applied to the data provided by Sterling Energy Company (and no further processing has been
attempted as part of this study). The seismic data is zero-phase, and displayed in this study such as red,
yellow or orange corresponds to positive polarity and light blue to negative polarity.

Due to the lack of well data in the basin, depth conversion assumes a similar lithological composition
to the Rio-Muni basin, and a Vp velocity of 1850 m/s has been used for the Tertiary sediments (Turner,
1995). That velocity and the dominant frequency of 45 Hz in the Tertiary give a vertical resolution (A/4)
of ~10 m. The interpretation of the seismic data has primarily used the Schlumberger™ Petrel software.
Interpretation has been carried out using a manually picked fine interpretation grid; followed by auto-
tracking where there is a good quality surface.

4. Results

Striations are observed on the basal surface of the Pliocene sequence, on both the HGS and LGS (Fig.
3). Individual striations can be imaged that are ¢. 50 m wide, ¢. 30 -50 km long and 5 — 30 ms TWT deep.
Striations developed at the base of the NE-SW Pliocene fan (Fig. 3a) and E-W trending channel (Fig. 3c)
(see more disciptions of the channel and fan in Le, 2016).
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Figure 3. () Maximum amplitude map of 300ms above the Pliocene base showing deep water fan. (b)
Variance map of base Pliocene showing the coincidence of fan and striation location. (c) Variance map
of base of Pliocene sequence showing a series of striations at the base of a fan deriving from NE and a

W-flowing channel. Striations are associated with the pattern of the Pliocene fan and at the base of E-W
trending channel. (d) Striations are shown on seismic cross-section.
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4.1. Striations at base of Pliocene fan in the LGS

High amplitude reflections observed in early Pliocene correspond to areas with increased thickness
downslope. Its dimensions range from c. 2 — 15 km wide, 60 km long, and up to 250 ms TWT thick (Fig.
3a). Internally it is composed of low to high amplitude, continuous upward convex reflections, which bi-
directional downlap onto the base of Pliocene sequence. Widen high amplitude pattern downslope and bi-
directional downlap which characterized the feature suggests for the interpretation of submarine fan
deposits. The variance map at the base of the Pliocene surface reveals a series of striations at the base of a
fan deriving from NE. Individual striations can be imaged that are 20 - 50 m wide, c. 20 km long and 4 - 8
m deep, trending NE — SW, slightly divergent patterns toward downslope. In cross-section this reflector
marks the base of a mixed low to high amplitude, bi-directional downlap reflection package (Fig. 3d). The
origin of the striations is interpreted to be a catastrophic slope failure event, in which sliding was the main
process.

4.2. Striation at the base of the Pliocene channel in the HGS

In the HGS, series of concave features are observed trending E-W (Fig. 3b). In cross-section, these
concave features are characterized by an alternation of aggradational low to high amplitudes, onlapping
onto the flanks. High amplitude reflections have linear patterns in map view and are interpreted E-W
channels (Le et al., 2015). This is similar to the observation of Pilcher and Argent (2007) and Jobe et al.
(2011) of data from a similar setting in Gabon and Equatorial Guinea. Among those channels, at the base
of the largest channel, striations are observed. They have similar dimentions to the striations at the base of
the Pliocene fan but shorter. Individual striations can be imaged that are 20 - 50 m wide, ¢. 10 km long
and 4 - 8 m deep. There is no obvious divergence in the striation patterns.

5. Discussion

Striations base of Pliocene sequence are interpreted to be the result of a catastrophic slope failure event,
in which sliding was the main process. They are all large scale, very straight trending northeast to
southwest and east to west. This suggests a period of major failure, possibly associated with high energy
and high sedimentation rate with sediment sourced from the NE and East.

Deposition of Pliocene sequence begins with a period of unstable slope deposits characterized by NE-
SW slides in LGS and erosion in HGS, followed by the deposition of large scale fan deposits on the LGS
and series of parallel aggradational channels in the HGS. The lithology is significantly different in both
slopes; the LGS it is dominated by high amplitudes associated with channels and fan-lobes, interpreted to
be a deep-water sand-rich fan system and in the HGS low amplitude reflections are associated with
polygonal faults, interpreted to be a mud-rich system. The unconformity at the base of Pliocene sequence
is striated and overlain by a large scale fan suggests a period of slope failure and high sediment which is
possibly the result of a major tectonic uplift event or significant climate changes.

6. Conclusions

There are two sets of striations are observed in the study area, on the unconformity surface defined the
base of the Pliocene sequence. Striations are coincided with the area of the Pliocene fan in LGS and large
scaled-channel in HGS. They developed at the base of Pliocene fan and channel. Under the Pliocene fan,
the striations have longer length (up to ¢.20 km) compared with the triations underneath the large scaled-
channel (upto ¢.10 km). Individual striation can be imaged that are 20 - 50 m wide and 4 - 8 m deep. The
occurrence of striated unconformity at the base of the Pliocene sequence and overlain by a large scale fan
and channel suggests a period of slope failure and high sedimentation rate which is possibly the result of a
major tectonic uplift event or significant climate changes. The area was supplied by two sediment
sources, from NE and east.
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ABSTRACT

Field X is located in the Cuu Long basin, offshore Vietnam. The produced fluids from these reservoirs
vary considerably in PVT properties, but all are of relatively average GOR and light oil API. The
facilities in X field consist of a leased FPSO and two (1 and 2) WHPs. The nearby A fields are connected
to the X facilities via the 1 WHP. To date 16 oil producers have been drilled in the X Field. Gas lift is
now applied to most of the wells, given that most wells now produce with relatively high water cuts. This
paper will describe the following process which was adapted to build and solve the integrated model to
obtain an economical optimization approach for X field based on Integrated Production Modeling (IPM)
software.

The study have identified the actual point of lift gas injection for each well.

* The impact of back pressure created by the nearby A fields on X field production is not much. When gas
rate (1-5 MMscfd) and liquid rate (1000-5000 stb/d) of A increasing will increase the pressure on 1 from
0.4 psia to 9.5 psia and on 2 from 0.76 psia to 10 psia, and oil rate reduction from 45 stb to 220 stb for X
field.

* Study have performed production optimization scenarios at various times such as every 6 months over
the next 3 years based on the forecasted well production profiles (oil rates, gas rate and water cuts).

1. X field model building phase:

- Characterize reservoirs PVT samples and match to equation of state EOS. Build well models and entire
surface production and gas lift injection networks.

- Integrate fluid models, well models and surface production and gas lift injection network.

2. X field model solving phase:

- Link the production model and gas lift injection model.

- Optimize oil production for individual wells by evaluating production rate vs. lift gas injection rate,
point of injection, and to recommend as required any well intervention work for gas lift valve change—
outs.

- Study the impact of back pressure created by the nearby A fields on X field production.

- Perform production optimization for the X field with limited gas lift rate.

- Perform production optimization scenarios at various times (such as every 6 months) over the next 3
years based on the forecasted well production profiles (oil rates, gas rate and water cuts).

Keyword: Gaslift Optimization, Integrated Production, Cuu Long basin

1. Introduction

Continuous flow gas lift is one of the most common artificial lift methods employed throughout the
world. Ideally, sufficient gas should be injected into each individual well so that it would yield maximum
revenues. However, in most cases the total amount of gas available is insufficient to achieve this objective
simultaneously for every well in the field. Thus, it is often necessary to allocate a restricted amount of gas
to each well in some optimal way to achieve maximum oil production from the field.

Usually, the total injection gas volume available for the system is limited to a certain amount so that a
proper allocation of injection gas is critical when designing a gas lift system.

The objective of gas allocation optimization as it relates to this study, is to maximize the total oil
production rate from the gas lift system under the amount of gas volume available to support the system.

*Tac gia lién h¢
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This objective can be considered as a problem of maximizing a non-linear function which gives the total
oil production rate from the system. The variables or unknowns for this function are the gas injection
rates for each well and these are subjected to physical restrictions which are referred to as constraints. For
example, the gas injection rate for each well must not be negative, and the sum of the gas injection rates
should be less than or equal to the total gas volume available for the system.

In this study, IPM software is introduced into the problem of finding the optimum gas injection rates.
An integrated production system model (IPSM) is a model which simulated a field from reservoir through
the wells, pipelines and process facilities to sales or export. For deep water subsea systems this includes
all the subsea infrastructure and topsides processing facilities. The components of the model should be
sufficiently accurate to represent the behavior of the system at least in terms of pressure and rate.

2. Methodology

2.1. PVT characterization

The fluid PVT model is the first component of the integrated Nodal analysis model. In this case,
bottom hole fluid sample of reservoirs from field X were collected from the lab. Later, the sample was
modeled and characterized to evaluate the pressure drop regime the fluid experiences along the
production system from the reservoir all the way to the production separator. The characterization process
includes the following:

- Mass balance calculation: this basically is fluid sample quality check step where on barrel of fluid
sample at reservoir condition is equated to one barrel of fluid sample at stock tank condition. On the basis
that mass balance should be conserved; if the difference is higher than 5% then sample report is not
accepted.

- Compositional analysis: calculating the molar percentage of the hydrocarbons and the non
hydrocarbon components of the fluid sample and calculating the properties of pseudo component which
are critical temperature Tc, critical pressure Pc and eccentric factor. Then reproducing the phase evelope
and matching to saturation pressure and temperature.

- Entering PVT lab data to match it to equation of state EOS reproducing the phase envelop plot and
match it to the saturation pressure and temperature from lab tested values. Matching the EOS with the lab
measurement for oil density, Bo, GOR and viscosity. For PVT matching, parameters can be seen in the
below figure.
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Figure 1. GOR matching
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Figure 2. PVT correlation parameters

Figure 2 shows the values of the match parameters (parameter 1= multiplier and parameter 2=shift)
associated with each fluid property for all the correlations. The Standard Deviation is also displayed
which represents the overall goodness of fit.

Select a appropriate correlation bearing in mind that the black oil correlations whose parameters are
adjusted the least (parameter 1 close to 1.0 and parameter 2 close to 0.0) are the most suitable candidates
as they represents possibly similar fluids to the one being modelled. The value of the standard deviation is
also displayed. Generally, the lower the standard deviation, the better the fit. Looking at the statistic
above, we will select the Lascater correlation for bubble point calculation, solution GOR and oil
formation volume. For the viscosity, Begg et al correlation will be selected (figure 3).

o B i O e T T B I e |

Figure 3. Selected PVT correlation parameters
2.2. Production surface network
2.2.1. Model construction

Building the surface network by itself is a very straightforward process that requires surveying the
surface flow lines and matching the modeled pressure upstream and downstream the line to the actual
readings of the meters on ground. This ensures the model is reflecting reality and predicting future
scenarios (figure 4).
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4. Model validation

There are several correlation available for flow line modeling but each one has its own working
conditions. Therefore, it is imperative to know which one is suitable for particular field pipelines. In this

case, a study has been conducted to compare
This has been done for a group of wells with
Brill” produces acceptable results with friction

5] Pipe - Input Screen

real pressure drop with those predicted by the correlation.
different flow rates. The study concluded that “Beggs and
and gravity coefficients set at 1 (figure 5).
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Figure 5. Matching pipeline

3. Results and Discussion
3.1. Well inflow/outflow performance model

Well model were built to monitor the inflow and outflow performance of the well in field X. This is
done via obtaining lifting operating point of the well. Being above bubble point, Pl entry equation was
used to determine the inflow performance rate IPR of the well (Figure 6). The correlation of Petroleum
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expert 2 was used to determine the vertical lift performance VLP (Figure 7). Modeling any gaslift well
helps to explore the hidden potential of the well, hence lowering the lifting mandrel in the completion.
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3.2. Integrate surface network model with well models

Surface network model is using VLP/IPR table to reproduce well model rates. Thus generating right
range of VLP is critical for accurate model prediction. Therefore, having accurate well models is
considered to be the most important part to build network model.

Model validation step was conducted which is a process of making the model to reproduce actual rates
and tubing head pressure. This help building confidence in the integrated model and making sure
historical welltest data are matched with correlation.

The figure 8 below is showing the match between actual tubing head pressure and modeled tubing
head pressure. The variance in reading between the red bar and the blue bar for each well is less than 1%,
which is acceptable.
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3.2.1. Gas lift surface network

This stage of building gas lift network comes right after building the production network. The network
was built randomly as it was mentioned earlier due to the rapid growth of wells number.

The separator is considered by Gap to be the end of the production chain and will be allocated a
pressure at a later stage. It does not have to actually be a separator, rather a convenient delivery point
where a known pressure exists (figure 9).

Create links between the following components:

1)  Connect the Wells in 1 to 11 manifold joint

2)  Connect the Wells in 2 to 1 manifold joint

3)  Connect the 2 joint to joint 1, Joint 1 to FPSO

4)  Connect joint FPSO to Separator

Figure 9. Network model
3.2.2. Linking the production network and the gas lift injection network

During the process of linking these two networks, the model allocates the sink in the gas lift network to
the producer of the same name in the production network:

Auvailability of lifting gas in the gas lift network that is delivered from the FPSO.

Depth of gas lift injection mandrel in the well.

Surface setup and gas lift lines branching in the gas lift network.

The second objective is to enhance the fluid unloading process by injecting from the deepest point
possible through optimizing the gas lift injection rate and pressure at wellhead node.
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3.2.3. Matching network model

There are four matching cases including the following:

- Case 1 on May, 20 2014: with 14 production wells in X field, total oil (54,975 stb/d), total liquid
(120,435 stb/d), total gas (38,5 MMscfd) on FPSO.

- Case 2 on June, 17 2014: with 15 production wells in X field, total oil (54,975 stb/d), total liquid
(120,435 stb/d), total gas (38,5 MMscfd) on FPSO.

- Case 3 on July, 19 2014: with 16 production wells in X field, total oil (54,975 sth/d), total liquid
(120,435 stb/d), total gas (38,5 MMscfd) on FPSO.

The matching results of four cases are presented in the following tables.

Table 1. Matching results of network model-Case 1 on May, 20 2014

Items Calculated Measured | Difference Change %
Inlet Presure of 4 pipelines, psia 309 302 | 7 2.3%
Inlet Temperature of 4 pipeline, 0C 85 85 |0 0.0%
Outlet Pressure of 2-1, psia 325 322 | 3 0.9%
Outlet pressure of A-1, psia 335 329 | 6 1.8%
Presure on 2, psia 351 349 | 2 0.6%
Temperature on 2, 0C 86 88 | -1.6 -1.8%
Presure at inlet of FPSO, psia 133 132 |1 0.8%
Temperature at inlet of FPSO, 0C 76 78 | -1.6 -2.1%
Total oil on FPSO, Stb/d 54,744 54,975 | -231 -0.4%
Total water on FPSO, sth/d 63,648 65,460 | -1812 -2.8%
Total Liquid on FPSO, stb/d 118,392 120,435 | -2043 -1.7%
Total gas on FPSO, MMscf/d 40.2 38.5 | 1.69 4.4%
Table 2. Matching results of network model- Case 2 on June, 17 2014
Items Calculated | Measured | Difference | Change %
Inlet Presure of 4 pipelines, psia 308.5 302 6.5 2.2%
Inlet Temperature of 4 pipeline, 0C 83.5 85 -1.5 -1.8%
Outlet Pressure of 2-1, psia 325 314 11 3.5%
Outlet pressure of A-1, psia 335 319 16 5.0%
Presure on 2, psia 350 346 4 1.2%
Temperature on 2, 0C 87.6 87.7 -0.1 -0.1%
Presure at inlet of FPSO, psia 130 133 -3 -2.3%
Temperature at inlet of FPSO, 0C 75 77.8 -2.8 -3.6%
Total oil on FPSO, Stb/d 55823 55910 -87 -0.2%
Total water on FPSO, sth/d 63553 63098 455 0.7%
Total Liquid on FPSO, stb/d 119376 119008 368 0.3%
Total gas on FPSO, MMscf/d 41.129 40.77 0.359 0.9%
Table 3. Matching results of network model- Case 3 on July, 19 2014
Items Calculated | Measured | Difference | Change %
Inlet Presure of 4 pipelines, psia 292 294 -2 -0.7%
Inlet Temperature of 4 pipeline, 0C 84 84.8 -0.8 -0.9%
Outlet Pressure of 2-1, psia 309.4 309 0.4 0.1%
Outlet pressure of A-1, psia 316 316 0 0.0%
Presure on 2, psia 334 335 -1 -0.3%
Temperature on 2, 0C 87.7 87.8 -0.1 -0.1%
Presure at inlet of FPSO, psia 127.7 128 -0.3 -0.2%
Temperature at inlet of FPSO, 0C 77.1 77.5 -0.4 -0.5%
Total oil on FPSO, Stb/d 58063 58129 -66 -0.1%
Total water on FPSO, stb/d 64958 62256 2702 4.3%
Total Liquid on FPSO, stb/d 123021 120385 2636 2.2%
Total gas on FPSO, MMscf/d 42.89 43.11 -0.22 -0.5%
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The above tables show that X network model have been matched very well.
3.3. Impact of back pressure by change of A production on X field
In order to consider the impact of back pressure by A production on X field, the case 3 on July, 19
2014 with 16 production wells in X field is selected. Due to liquid and gas that have more impact to
pressure, so that cases are selected as the following tables:
Table 4. Cases of considering back pressure by A production

Water Gas

Cases Comments Oil (stb/d) | (sth/d) (MMscfd)

Base case | Production rate of A 16716 5316 10.59

Case 1 Gas +1 MMscfd 16716 5316 11.59

Case 2 Gas +2 MMscfd 16716 5316 12.59

Case 3 Gas +5 MMscfd 16716 5316 15.59

Case 4 Liquid + 1000 stb/d, WCT don't change | 17475 5557 11.07

Case 5 Liquid + 2000 stb/d, WCT don't change | 18233 5799 11.55

Case 6 Liquid + 5000 stb/d, WCT don't change | 20510 6522 12.99

Table 5. The running results of back pressure on X field
Base case Casel Case2 Cased Cased Case5 Casef

ltems Calculated [Calculated |Difference |Calcul ated | Difference |Calculated | Difference |Calculate d | Difference |Calculated [Difference [Calculate d | Difference
Inlet pressure of 4 pipelines, psia 252 292 0 293.1 1.1 2931.1 1.1 295 3 301 9| 296 4
Inlet pressure of 4 pipelines, 0C 84 84 0 83.9 -0.1 84 0| B4 0 84 0| B4 0
Outlet preesure of 2-1, psia 309.4 309 0.5 311.1 17 1.1 1.7] 313 3.6 319 5.6] 315 5.6
Outlet preesure of A-1, psia 316 316.4 0.4 317.7 1.7 317.3 1.3 319 3 3255 9.5 3214 5.4
Pressureon2, psia 334 334.76 -0.76 336 2 336 2| 338 4 344 10 340 6
Temperature 87.7 87.6 0.1 876 0.1 87.6 0.1 87.6 0.1 874 0.3 875 0.2
Pressure on FPSO, psia 1277 127.8 0.1 128 0.3 128 0.3 128 03 129 13 1287 1
Temperature on FPS0, OC 771 76.8 0.2 77 -0.1 77 -0.1 77 -0.1 77 -0.1 7 -0.1
Total oil on 1, stb/d 324433 3M176 -25.7 32397 -46.3 32407 -36.3 32366 -77.3 32251 -192.3] 32330 -113.3
Total water on 1, sth/d 44484 44424 -60 44375 -109 44400 -84 44304 -180 44038 -446 44224 -260
Total gas on 1, MMscf/d 15.65 25.63 -0.015 25.62 -0.03 25.627 -0.023] 25.65 0 15.627 -0.023] 25.57 -0.08
Total oil on 2, stb/d 8654.5] 8671 -20 8661.7] -30.3 8663.8 277 8646/ -45.5 8663.8 27 8630 -61.5
Total water on 2, sth/d 14738) 147198 -18.7[ 147199 -18.7 14706 -32.6 14672 -66.6 14706 -32.6 14643 -95.6
Total gas on 2, MMscf/d 6.4 6.471 -0.007 6.4 0 6.46 -0.013] 6.452 0.026 6.465 -0.013] 6.44 -0.038
Total oil on 142 (Xfield), stb/d 41134| 410891 -45.7| 410582 -76.6|  41070.8 -64 41012 1228 409148 -220) 40560 -174.8

The table 5 shows that when gas rate (1-5 MMscfd) and liquid rate (1000-5000 stb/d) of A increasing,
the pressure will increase on 1 from 0.4 psia to 9.5 psia and on 2 from 0.76 psia to 10 psia, and oil rate
reduction from 45 stb to 220 stb for X field.

3.4. Runing Optimization

The optimization was runned on August, 18 2014 with gaslift limitation of 16 MMscf/d. The results of
optimization are presented on the following tables. From the below table, we can see that optimum
condition have higher oil rate and less water rate or liquid rate with only 16 MMscf/d of gaslift

Table 6. The optimum results of X field on August, 18 2014 with gaslift limitation of 16 MMscf/d.

Rate oil water Liquid Gas Gaslift
(stb/d) (stb/d) (stb/d) (MMscf/d) (MMscf/d)

Base case 54452 62891 117344 41.76 18.8

Optimum 54789 56520 111309 40.87 16

Table 7. The optimum allocation of 16 MMscf/d gaslift rate on all production wells of X field

Well [ Well | Well | Well | Well | Well | Well | Well | Well | Well | Well | Well | Well | Well | Well | Well
Well 1P [2p |3p |4p | sP |6 TP | '8P | 9P ['11P | '12P | 14P | '15P | '16P | '17P | '18P
Gazlift rate
(MMscfid) 048 [0.72 |0.15 001 [ 141 | 042 |072 {014 [155 [142 [042 | 061 | 099 |241 | 204 | 250
Conclusion

Well model and network model were successful built and calibrated with well test data from daily
production report (DPR). The results of matching show that the matching results of network show that
pressure differences between DPR and GAP ranges from 1% to 4.2%.
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Oil production gain of 3% was achieved from rerouting the gaslift network in X field. The impact of
back pressure created by the nearby A fields on X field production is not much.

Network modeling with integrated production modeling suite, Gap is a rather simple approach that
yields results which are useful for the prediction and optimization of full field performance.
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E\R;S % HOI NGHI TOAN QUOC KHOA HOC TRAI DAT
EANIH BOIENGES MO VA TAI NGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Panh gia 4o 16n dong dat cuc dai khu vuc Philippine
bang phuong phap cuc tri tong quét
Vii Thi Hodn'*, Ngdé Thi Lu?, Phan Thién Huong®
WVign Vat Iy dia cau, Vién Han 1am khoa hoc cong nghé Viét Nam
2Hoc vién Khoa hoc cong nghé, Vién Han 1am khoa hoc c6ng nghé Viét Nam
3Trrong Pai hoc Mo - Pja chadt

TOM TAT

Khu vuc bién Pong tiém an nguy co dong dat cao. Dé danh gia nguy co nay ngoai viéc xem xét cac
nguon dong dat ngay tai Bién Dong, cac ngudn tai nhitng khu vuc 1an can ciing can phai xem xét.
Philippine la khu vuyc lién ké véi Bién Pong, d6 chinh 1a 1y do danh gia d¢ I6n dong dét cuc dai khu vuc
nay da dugc nhém tac gia quan tm. Danh muc dong dat thong nhat da dugc xac dinh sau khi 1) thiét lap
cac ham tuong quan giita cac loai magnitude va 2) tach tién chan, du chin theo phwong phap ctra s6
khong gian thoi gian. Két qua xac dinh trong giai doan 1918 - 2017 ¢ 21066 tran dong dat co do Ion
4.3<My<8,3. Cac tran dong dit ndy s& duoc st dung dé danh gia do 16n dong dat cuc dai. Ap dung
phuong phap ham phan bé cyc tri tong quat (GEV) vaéi tap s6 liéu néu trén di xac dinh dugc cac tham s6
ctia ham GEV di véi ving Philippine nhu sau: {= -0.2120.06; s = 0.39+0.07; m = 6.12+ 0.27. Tir d6 du
bao duoc nguy co dong dat, Mmax trong twong lai: Vai thoi gian du bdo t = 50 nam (tinh tir 2018) thi
Mma= 8,53; VGi 1= 100 nam thi Mmax= 8,66; Khi thoi gian du béo tién ra vo cing thi Mma= 8,7. Kha
ning du béo theo céc khoang thoi gian cho trudc ké tir nam chon trudc 1a mot wu diém ndi troi cua
phuong phap GEV so véi cac phuong phap du bdo Mmax trude do.

Tir khéa: Do Ion dong dat cuc dai, khu vuc Philippine, phan b cuc tri tng quét.

1. D3t van dé

Nhitng tran dong dat manh ngoai khoi 1a nguyén nhan truc tiép va phd bién nhéat gay nén song than.
Stic tan phé cua song than phu thude vao do cao cua cot song dén bo. Bién do song nay lai phu thugc vao
nhiéu yéu t6, mot trong nhitng yéu té quan trong 1a vi tri va do 16n (magnitude - M) cua tran dong dat gay
ra nd. Bién Viét Nam tham gia vao thanh phan cua Bién Dong. Bé danh gia nguy co dong dat séng than
anh huong dén b bién Viét Nam, ngoai viéc xem xét cac nguon dong dét ngay tai Bién Pong, cac ngudn
tai nhitng khu vuc 1an can ciing can phai xem xét. Philippine 1a khu vuc lién k& véi Bién DPong, dé chinh
1a 1y do danh gia d6 I6n dong dat cuc dai khu vire nay di dwoc nhém tac gia quan tam.

C6 nhiéu phuong phap xac dinh do 16n cuc dai cua dong dit di duoc &p dung bai cac tac gia khéc
nhau nhu: phuong phap tinh Mmax theo quy mé vung phat sinh dong dat (Wyss, 1979; Wells va
Coppersmith, 1994; Stirling va nnk, 2002; Dowrich va Rhoades, 2003; Nguyén Hong Phuong va Pham
Thé Truyén, 2007; Bui Van Duan va nnk, 2013, Phan Trong Trinh va nnk, 2011,...v.v), phuong phap
ngoai suy dia chit (Phan Trong Trinh va nnk, 2011, 2012); phuong phap xac suit (Gumbel, 1958;
Nguyen Hong Phuong, 2001, 2012; Nguyén Hong Phuong va Pham Thé Truyén, 2014; Ngb Thi Lu va
nnk, 2014; Tran Thi My Thanh, 2002; Bang Thanh Hai, 2003; v.v). Trong cic phuong phap nay thi
phuong phép xac suat luén danh duoc sy quan tim dic biét cua cac nha khoa hoc.

Nguyén Hong Phuong ding phuwong phap binh phuong t6i thiéu va hop Ii cuc dai cho cac khu vuc
nghién ciru khac nhau (Nguyén Hong Phuong, 1997, 1998, 2001, Nguyén Hong Phuong va Pham Thé
Truyén, 2014),...v.v. Nam 1998, trén co s¢ ap dung md hinh xac suat théng ké (phuong phép binh
phuong t6i thiéu va hop 1y cuc dai), phuong phap Cornell va thuét toan cua Mc Guire, tac gia Nguyén
Hong Phuong da tinh toan dd nguy hiém dong dit khu vuc ven bién va thém luc dia 1anh thé Pong Nam
Viét Nam véi két qua du bao Mmax = 6,6 + 0,6 (Nguyén Hong Phuong, 1998). Trong cong trinh nay,
trén co s sir dung danh muc gdm 64 tran dong dat giai doan 1903 - 1993 tac gia dd phan chia khu vuc
DPong Nam Viét Nam thanh ba viing khac nhau theo hai kich ban. Miac du cé su khac biét vé vj tri cua cac
tiéu ving ¢ hai kich ban nhung két qua danh gia do l6n dong dat cuc dai cua cac tiéu ving nay 1a nhu

*Tac gia lién h¢
Email: hoanvt84@gmail.com
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nhau. Két qua khong thay déi nhu trén c6 thé 1a do tap sb liéu sir dung c6 s6 luong khé khiém ton, ciing
c6 thé do sy khac biét khong nhiéu vé vi tri khdng gian cua cac tiéu ving giita hai kich ban.

Ngoai phuong phép binh phuong tdi thiéu va hop ly cuc dai, mot phuong phép xac suat khac ciing
dugc ding phd bién 1a phuong phap cuc tri, trong d6 ham Gumbel I va III duoc nhiéu tac gia &p dung
nhat. C6 the ké dén cac nghién ciru thugc loai nay nhu sau: tac gia Tran Thi My Thanh diing ham Gumbel
Il (Tran Thi ‘Mg Thanh, 2002); Nguyén Kim Lap ding ham phan b tiém can Gumbel I dé tinh do nguy
hiém dong dat cho khu vuc Doéng Nam (Nguyen Kim Lap, 1986); bang Thanh Hai ding ham Gumbel |
cai tién cho cac ving dong dat & mién Bac Viét Nam (Pang Thanh Hai, 2003).

C6 thé thay rang, trong viéc sir dung ham Gumbel dé danh gia Mmax thi viéc chon chu ki s6 liéu (ma
dudi day goi la budc nhay thoi gian dé tranh nham In véi giai doan nghién ctru) 1a rat quan trong vi nd s&
anh huong dén két qua tinh toan. Cac tac gia khac nhau chon budc nhay khéc nhau. Nguyén Kim Lap va
Nguyén Duy Nudi di st dung ham phan bd tiém can Gumbel I dé tinh d6 nguy hiém dong dét cho khu
vuc Pong Nam A véi budc nhay 1a 6 thang cho giai doan 1904-1952 va 1 nam cho giai doan 1903-1965
(Nguyén Kim Lap va Nguyén Duy Nuoéi, 1986). Trong khi dé, tic gia Pang Thanh Hai da chon budc
nhay 1a 2 nim cho giai doan 1900-2000 dé danh gia Mmax cho mién Bic Viét Nam (Dang Thanh Hai,
2003). Viéc chon budc nhay thoi gian cua cac tac gia nay tuy rat khac nhau nhung lai chua cé sy ly giai
hop ly cho mdi céch chon.

Géan day, trong cac cong trinh (Pisarenko va nnk, 2010; Vi Thi Hoan va nnk, 2014, 2016), viéc chon
budc nhay thoi gian da dwoc nghién ciru mot céch chi tiét hon. Mot trong cac diém mai cua cac cong
trinh nay 1a viéc danh gia Mmax di duoc tién hanh theo phwong phap két hop tir 3 ham phan b cuc tri
(phan bd Frechet, phan bé Gumbel, va phan bé Weibull) thanh mot ham phan bé duy nhét - ham phan b
cuc tri tong quat (Generalized Extreme Value distribution - GEV). Phuong phép GEV nay dugc
Pisarenko cling cac cong su phét trién va &p dung dé danh gia d6 16n dong dat cuc dai cho nhiéu danh
muc dong dat nhu danh muc dong dat Harvard (Pisarenko va cong su, 2008, 2014), danh muc dong dét
Nhat Ban (Pisarenko et al, 2010), danh muc dong dat Viét Nam (Pisarenko et al, 2012), DMPD Dong
Nam A (Vi Thi Hoén va nnk, 2014), danh muc dong dat mién bac Viét Nam (Vu Thi Hoan et al, 2017).

Pé tiép ndi hudng nghién ciru trén day va kiém tra tinh kha thi cia phuong phép khi dp dung cho cac
khu vuc khac nhau, trong bai béo nay nhom tac gia s& ap dung ham phan bé cuc tri tong quat GEV dé
danh gia do lon dong dat cuc dai Mmax cho khu vuc Philippines.

2. Co s ly thuyét va phwong phap nghién ciru
2.1. Khu viwee nghién civu va sé ligu siv dung

Dé danh gia d6 16n dong dat cuc dai cho ving Philippine, ving nghién ctiru dugc gidi han boi cac toa
d6 sau: @ = 6°N - 22°N; A = 117°E - 127°E.

Bdng 1: Phén bé s6 heong déng ddt theo dé 1én dong dat.

Myl N [LoN | Mo | N [ LgN | Mw | N LgN | Mw | N | LgN

3 11] 1.041| 4.3| 4941 3.694 5.7 101 2.004 7.2 7] 0.845
3.1 8] 0.903( 4.4] 2811 3.449 5.8 71 1.851 7.3 5| 0.699
3.2 12| 1.079| 4.5| 2681| 3.428 5.9 79 1.898 7.4 41 0.602
3.3 14( 1.146| 4.6| 2567| 3.409 6 65 1.813 7.5 5[ 0.699
3.4 14( 1.146| 4.8] 1595| 3.203 6.1 59 1.771 7.6 41 0.602
3.5 41) 1.613| 4.9| 1128 3.052 6.2 12 1.079 7.7 3| 0477
3.6 34| 1531 5] 806 2.906 6.3 55 1.74 7.8 2| 0.301

3.7| 754| 2877 51| 589 2.77 6.4 25 1.398
3.8| 1597| 3.203( 5.2 430 2.633 6.7 11 1.041 8 2| 0.301
3.9| 2743| 3.438 5.3 320 2.505 6.8 29 1.462

4] 2795( 3.446| 54| 253| 2.403 6.9 15 1.176
41| 4382| 3.642| 55| 174| 2241 7 12 1.079 8.3 1 0
42| 2886 3.46| 56| 117| 2.068 7.1 13 1.114

26



0.5 %%

L]
.
4 o

o
M

w

3 4 5 6 7 8
Hinh 1: Phdn bé s6 lwong dong dit (N) theo d¢ 16m déng ddt (My).

Danh muc dong dét thong nhit di duoc xac dinh sau khi 1) thlet 1ap cac ham tuong quan gilta cac loai
magmtude va 2) tach tién chan, du chén theo phuong phap clra sO khong gian thoi gian. Két qua xac dinh
trong giai doan 1900 - 2017 c6 36368 tran dong dét voi magnitude 3<Mu<8,3 tai khu vyc Philippine. Dya
vao bang 1 va hinh 1, ta thiy tin suét xay ra dong dit nhidu nhat tai gia tri My = 4.3. D4y chinh 1a d6 16n
dong dét dai dién cho danh muc dong dat Philippines. Trong danh muc dong dit nay, tir ndm 1918 tré di
cac ghi nhan vé dong dat véi My >4.3 méi tuong ddi lién tuc. Do do, chung t6i chon giai doan s6 lidu
1918-2017 dé nghién ctru d6 16n dong dit cuc dai theo phuong phap GEV. Trong giai doan nay, c6 21066
tran dong dat da xay ra voi do 16n 4.3<My<8,3.

2.2. Phwong phdp cuec tri tong qudt
Ham phan bd cuc tri tong quat co dang:

GEV(x lo. . &)
exp( —[1 + (L/g)-(x- )] —J.,.-’:,: = ho=0zx=p—-—og/l.LF0

- r(-om [, = @

Trong d6, x 1a bién s6 (cu thé trong nghién ctru ndy x 1a cac gia tri magnitude dong dat), o I tham sb ti
1€, p 1a tham s6 vi tri, € 1a tham s6 hinh dang.

Pé xac dinh dugc ham GEV ta can xac dinh dwoc 3 tham s6 ¢, o, p trong cong thire (1). Cac tham s6
¢, o, u dugce xac dinh trong timg khoang thoi gian T, bang cach giai hé 3 phuong trinh 3 4n sau:

EExp=p—2+IM -0 = M1 @)
r (- ML = (92 [ra-20 - (ra-0)]=m2 @
= TR aaCre = M1Y = (0)? [-20(=0)* = 3 F(=Dr(=20) - Zr(-30)] = M3 @)

Vi I'(t) 1a ham gamma: I'(t) = _I:n "t e dx, n 14 sO tran dong dat trong timg khoang thoi gian T, k
1a chi s6 chay, xk 1a gia tri magnitude dong dét.

Vié(} xac dinh khoang thc‘yi’ gian T phu hop véi tung Elanh muc dpng dét 1a viéc lam quan trong, quyét
dinh dén gia tri cua 3 tham s6 , o, p cia ham GEV. Pé tim T ta can xac dinh mat d phan bo Poisson (L)
cua céc gia tri magnitude dong dat: A= % ,vOoi N la sb lugng dong dét doc lap trong danh muc dong dét
nghién ctu, t 1a khoang thoi gian nghién cuu.
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Bud6c nhay T(ngay) phai thoa man 3 diéu kién sau:

a/ Trong phéan doan thoi gian T bat ki lubn c6 sy kién dong dat.

b/ Gié tri 1/AT—0 (voi A 12 tAn suat xay ra dong dat c6 magnitude M > m).

¢/ Gié tri ciia tham s6 ¢ du 16n va on dinh dé xac dinh dugc ham phan bé cuc tri tong quat.

Trong mdi khoang thoi gian T ndy, giai hé 3 phuong trinh (2-4) dwoc 1 b gia tri ciia 3 tham s6 &, o, .
V6i N khoang thoi gian T trong sudt chu ki s6 liéu nghién ctru, ta dwoc N bo gia tri cua 3 tham sb ¢, o, p.
Lay trung binh lan luot ciia 3 tham sb nay cho ching ta gia tri ciia cac tham sé ¢(T), o(T), w(T).

Goi t la khoang thoi gian du bao (tinh tir thoi diém c6 su kién dong dat manh duoc chon lam su kién
tua). Cac tham sé £, o, p dwoc biéu didn nhu 1a ham cia t bang cac cong thic (5-7). Gia tri cia diém
phén vi trong khoang thoi gian nay 1a Qq(t).

() = &(T); (®)
o(1) = o(T)-(UT)5 (6)
r(x) = W(T) + (o(T) &) [(V/T)>- 1] ; (7
Qq(t) = h + (s/€)-[a-(r1)° - 1] (€)
Trong d6:

a=[log(1/q)]=, h= p+(cle)[(AT)*-1;s= o. (AT)= Khi T — o0 thi Mma % = lim Qq(x)  (9)

T4

Nhu vay, sau khi tim duoc khoang thoi gian T thich hop, trong mdi khoang thoi gian d6 tim duoc 1 bo
3 tham s6 ¢, o, p. Tir d6 s€ xac dinh dugc ham GEV, gia tri ctia diém phéan vi Qq(t), dong thoi danh gia
duoc gia tri Mmax.

3. Két qua va thao luan
3.1. Két qud

Burée 1: Tinh mdt d6 phan bé Poisson (1)

_Thoi gian tir 7/2/1918 (t) dén 9/12/2017 (t,) dugc st dung véi don vi ngay. Chia khoang thoi gian tir ty
den t, thanh Nt khoang bang nhau véi d6 16n T. Tong thoi gian la t = 36465 ngay. Tong so6 dong dat la
n = 21066 tran.

Mat d6 phan bé Poisson A dugc tinh nhu sau:
A =n/(tn — t1)= 21066/36465 = 0.578
Buc 2: Chon budc nhay (T)

Theo s6 liéu trong danh muc dong dat khu vuc nghién ciru, dé théa man diéu kién (a) ¢ trén thi gia tri
cua T bat bugc phai I6n hon hodc bang 379 ngay. Gia tri 379 ngay ciing dong thoi thoa man céc dieu kign
con lai 3 nén ¢ phan phwong phap. V6i T = 379 ngay thi Nt = 96 khoang.

Bude 3: Xde dinh cac tham sé ¢, o,

Trong mdi khoang thoi gian T ndy, giai hé 3 phuong trinh (2-4) dugc 1 bo gia tri cua 3 tham s6 ¢, o, .
Véi 96 khoang thoi gian T trong sudt chu ki s6 liéu nghién ctu, ta dugc 96 bo gié tri cta 3 tham s6 ¢, o,
p. Lay trung binh lan lugt ctia 3 tham s6 nay cho chding ta gi tri caa cac tham s6 nhu sau:

€ =-0.21+0.06; s = 0.39+0.07; m = 6.12+ 0.27.

Trong danh muc dong dat nghién ciu, sy kién dong dat manh gan day nhét 13 tran dong dat ngay
11/8/2017 tai @ = 14°N; A = 120,7°E v6i My=6,0. Tran dong dét nay s& dugc chon la sy kién tua, va thoi
diém tya la ngay 11/8/2017.

Vi x4c sut du bao 80 % , ham Qq(t) c6 dd thi nhu trén hinh 2.
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Hinh 2: Pé thi ham Qq(7) véi q = 0,8 theo sé liéu tir DMPD viing Philippine (My > 4.3)

giai dogn 1918 - 2017.

e e k= ———

Tir hinh 2, ta co: MATEST = lim Qqlt)

(niim) 20 40 60 80 100
Khoang thi gian | 2018-2038 | 2018-2058 | 2018-2078 | 2018-2098 | 2018-2118
Mypax, 94 D20 8.2 8.47 8.57 8.62 8.66

3.2. Thdo lugn: Phuong phép dung ham GEV du bao Mumax 1a mét trong nhirng phuong phép xéc sudt nén
két qua cua né c6 su tuong ddng véi cac két qua du bao bang cac phuong phap xdc sudt khac nhu phuong
phép hop Iy cuc dai ma tac gia Nguyén Hong Phuong da st dung va cho két qua Mmax = 8.7 véi chu ki lap
lai 2658 nam cho vung phia Bic cua di hat chim Manila thudc Philippine (Nguyén Hong Phuong, 2015).
Trong khi d6, két qua trong cong trinh ndy cao hon mét chit so véi két qua cua cac phuong phap dia chat
kién tao da dwoc 4p dung boi cac tac gia khac nhu: Tac gid Phan Trong Trinh va cac cong su cho két qua
Mmax = 8.6 (theo mit dit gdy) hoic Mmax =8.3 (theo chiéu dai dt gay) (Phan Trong Trinh va nnk, 2011)
tac gia BUi Cong Qué va cac cong su da danh gia Mmax = 8.5 (theo chiéu dai dut gay) (Bui Cong Qué chu
bién, 2010). Su khac biét nay c6 thé 1a do cac phuong phap dia chat kién tao di danh gia Mmax thong qua
c4c bién trung gian nhu mat dut gay, chiéu dai dut gy dua trén nhiing gia dinh ban dau ¢ dinh cho moi
viing ngudn (mit dut gdy 1a hinh chir nhat ¢6 chiéu dai gap doi chiéu rong), ciing c6 thé 1a do két qua thuc
dia chua x4c dinh duoc chinh xac cac tham sé nay. Thém vao dé, két qua cia phuong phap xac suit con
phu thudc vao xac suat ki vong (xac suat nay cang Ion thi két qua du b40 Mimax cang nho). Do do, khi danh
gid Mmax cho mot khu vuc bat ki nén tham khao va so sanh céac két qua cua ca hai phuong phép xac suat
va dia chét kién tao.

Mic du c6 sy twong ddng vé cac két qua danh gia Mmax, nhung cac két qua nhan dwgc trong cong trinh
nay c6 do chi tiét hon vé thoi gian dy béo. Cu thé, phuong phap GEV cho phép du doan Mma trong
khoang 100 nam tinh tir mbc thoi gian dinh trude, trong khi phuong phap ham Gumbel thi cho khoang
thoi gian du bao 1én dén hang nghin nam va khéng xac dinh dugc khoang thoi gian hang nghin nim do
duoc tinh tir thoi diém nao.

4. Két luan

Danh muc dong dat khu vue Philippines giai doan 1900-2017 gom 36368 tran dong dat véi magnitude
3<My<8. Mtrc dai dién dong dat cua danh muc nay 1a My = 4.3. Giai doan s6 liéu lién tyc 1a tir nim 1918-
2017. Trong danh muc nghién ciru c6 21066 tran dong dat co do 16n dong dat tir gia tri mac dai dién tre
I&n. Ap dung phuong phap GEV danh gia d6 I6n dong dit cuc dai cho khu vuc ndy cho két qua Mmay 9 b
= 8.66 Vi xac suit 80 % trong khoang thoi gian 2018-2118. Két qua nay kha twong ddng vai cac két qua
nghién ciru cua céc tac gia khac nhau. Diéu ndy vira khing dinh tinh khach quan va do tin cay cua cac két
qua nhan duoc, vira cho thay kha ning 4p dung phuong phap GEV dé danh gi4 gia tri magnitude cuc dai
Mumax Cia dong dat cho mot khu vuc bat ky.
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The East Sea area has high earthquake risk. This risk is not only caused by earthquakes in the East Sea
area but also by sources in neighboring areas. The Philippine is an area adjacent to the East Sea area, that
is why the maximum magnitude of the earthquake was considered by the group. The unified earthquake
catalog was defined after 1) establishing correlations between many kinds of magnitude scales and 2)
separation of the foreshocks and aftershocks according to the temporal window method. The results
indicate that in the period 1918 - 2017 there are 21066 earthquakes with magnitude 4.3<Mw<8,3. These
earthquakes will be used to assess the the maximum magnitude of the earthquake. Applying the
generalized extreme value (GEV) method to the above data set, the GEV function parameters for the
Philippine region were determined as follows: { = -0.21 + 0.06; s = 0.39 £ 0.07; m = 6.12 + 0.27. From
that forecast earthquake risk, Mmax in the future: With the forecast time © = 50 years (from 2018), Mmax =
8.53; For t = 100 years, Mmax = 8.66; When the forecast time is extremely long, Mmax = 8.7. Predictability
of given time intervals from the selected year is a prominent feature of the GEV method compared to
previous Mmax prediction methods.
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cua ludi khoan hop kim cung
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TOM TAT

Ludi khoan hop kim cimg dugc st dung phé bién va rong rai trong cong tac khoan tham do trén thé
gidi n6i chung va tai Viét Nam noéi riéng. Cac ludi khoan nay thuong duoc sir dung dé khoan qua cac dia
tang chira dat d4 co tinh chat mém, déo va phé huy theo nguyén ly cit v&. Chinh vi vay, ring cua cac ludi
khoan nay thuong bi mon nhanh 1am giam thoi gian phé huy hiéu qua ciing nhur tudi tho cua ching va anh
huong truc tiép téi higu suat va chi phi khoan. Ring cta cac ludi khoan hop kim cung duoc lp dat voi
céc goc co do 1on khac nhau theo cac so @6 khac nhau tuy thudc vao tinh chat co 1y clia dat da. Bai toan
nang cao tudi tho va thoi gian phéa huy hiéu qua cua ludi khoan hop kim cang ludn 1a cap thiét ddi voi cac
nha thiét ké va ché tao miii khoan. Cac tac gia di s dung nguyén 1y D’alembert nhém xay dung hé luc
tac dong lén rang ludi khoan hop kim cung trong qua trinh n6 pha huy dét da. Tir d6 tién hanh phan tich
cac thanh phan lyc tac dung Ién rdng, cac yéu t6 anh huong dén chiing nham xac dinh quy luat va danh
gia mirc d¢ anh huéng cua cac yéu t6 nay toi d6 mon cua ring, ciing nhu d6 bén cua ludi khoan khi thay
dbi céc tinh chét co 1y cua dat da. Viéc nghién ciru anh huong cua géc lap dat rang toi dd mon cua ching
cho phép dua ra nhirng giai phap nang cao tudi tho ciing nhu thoi gian sir dung hiéu qua caa ludi khoan
hop kim ctng.

Tir khod: hedi khoan hop kim cing; géc ldp dat rang; géc dam; géc dwong; dé mon cia rang.

1. Pit van dé

Hién nay, ludi khoan hop kim cimg duoc str dung rong rai va phd bién trong cong tac khoan tham do
ldy mau, dic biét trong cac dia tang dat da co do cung tur mém den cling trung binh. Rang cua ludi khoan
loai nay thuong bi mon nhanh do chiing pha huy dat da chu yéu duya trén co ché cat-va. DBé giam cuong
d6 mon cuia céc rang ludi khoan hop kim cing, céc nha thiét ké va ché tao 1udi khoan lap dat ching voi
cac gia tri goc tiép xdc véi dat da (goc lap dat rang) khac nhau tuy thudc vao tinh chit co 1y cta dat da.
Thuec té cho thdy, ddi véi dat da co tinh chat mém déo gié tri goc lap dat rang thudng I6n va tién tgi 90°
(vudng gOC véi mat phang dat da pha huy).

Vién dé nghién cuu ve goc lap dat rang ludi khoan da dwoc nhiéu tac gia trén thé giéi nghién cau va
dua ra nhitng két luan khac nhau dua trén cac tiéu chi khac nhau (Nguyen The Vinh va Nguyen Tien
Hung, 2017; bamkaros I.H., 2010; Heckopomusix B.B., bopucos K.W., 2013; Cynakmmu C.C., 1973).
Trong ndi dung bai b4o nay, céc tac gia dua ra mot phwong phap nghién ciru méi, nham xéac dinh, danh
gia cac yéu t6 anh huong téi do mon cia riang ludi khoan trong qua trinh né phé huy dit da. Tir do6 lua
chon géc lip dat rang hop Iy nhdm nang cao tudi tho va thai gian pha huy hiéu qua déi voi ludi khoan
hop kim ctng.

2. Co 6 ly thuyét va phuwong phap nghién ctu.

Céc tac gia da tién hanh phan tich so do l4p dat rang theo kiéu “goc dwong” duya trén tiéu chi mic do
mOnN cua rang. Dua trén nguyén 1y D’alambert chiing t6i xac dinh cac yéu t6 chinh anh huong téi hiéu qua
pha huy va mirc 6 mon cua rang trong qua trinh khoan.

Céc lyc tac dung 1én rang hop kim cang trong qua trinh né phé huy dat da dugc thé hién trong hinh 1.

Chiéu toan bo cac luc nay Ién truc Oz va Ox ta thu duoc hé phuong trinh sau:

YE.,=-F +N,+Fsine —N,cosa =10 ; @)
YR,=-B +F +Fcosa +N;sina=0 . 3
Sau khi bién ddi ta thu duogc:
—PB + N, + N, fosing — N,cosa =10 (3)
—B + N.f, + N, f,cose + N, sing = 0 4
trong do: F, —tai trong chiéu truc tac dong 1én ring, N;
— lyc cét, N;

*Tac gia lién h¢
Email: tienhung.dk@humg.edu.vn
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F, - luc ma sat tai mit phing dau rang, N;

F, - lyc ma sat tai mili rang (tai diém 0);

N, va N. - phan lyc tuong Gmg véi cac hudng, N;
£ —hé sb ma sat giita rang va dat da;

B - gbc nhon cua rang, do;

& — goc lap dat rang, do.

A

Hinh 1. Hé lyrc tc dung 1én rang hop kim cing trong qué trinh pha huy ddt da.

Sau khi it gon phuong trinh (3) va (4) ta thu dugc:

—B + N. + N, (f,sineg — cosa) = 0 (5)
—PB + N.fi, + Ny (f,cosa + sine) = 0 (6)

Tu phuong trinh (5) ta nhan dugc nhu sau:
F = N.+ N,(fysine — cose) (7)

3. Két qua va thao luan

Gia sur rang gia tri tai trong chiéu truc B, tac dong lén rang it giao dong va dugc xem la khong ddi, thi

tr phuong trinh (7) ta c6 thé rat ra nhitng nhat xét nhu sau:

e khi Iyc B, 1a ¢6 dinh, thi 2 thanh phan tai vé bén phai ctia phuong trinh (7) 1a N, va
N, (f, sine — cosa) s& thay d6i vé do 16n tuy thudc va biéu thie C = (f, sine — cosar). Khi C tang thi
gié tri biéu thirc N, (f, sine — coser) sé tang, dong thoi gia tri N, s& giam va nguoc lai;

e phan lyc IV, anh hudng truc tiép dén gi4 tri luc ma sat tai dau rang (tai diém O) do F, = N, f,.
Khi I, tang 6 ngap ring ludi khoan trong dét d4 s& ting, tuy nhién no ciing lam ting mirc 46 mai mon
tai dau cua riang va ting moment quay mii khoan.

Dé nghién ctru sy anh huong cta goc lap dit ring & dén gid tri cta biéu thire C ta xay dung biéu do thé
hién sy phu thudc ctia biéu thirc C vao gia trj goc lap dat rang ludi khoan & (hinh 2), trong d6: & thay doi
tir 0 dén 90 d6; hé sé ma sat f, thay doi tir 0,1 dén 0,3.

o
02

06

0.8

——f=0,1 £=02 ——f=03

Hinh 2. Biéu do sy phu thugc ciia biéu thire C vdo gid tri goc lap dat rang lui khoan .
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Qua biéu dd thé hién sy phu thudc cta biéu thire C vao gia tri goc lip rang ludi khoan &, nhom tac gia
¢4 mdt s6 nhan xét nhu sau:

e khi biéu thirc C =0, toém’b(f) cong 01:13 luc chiéu truc F, sinh ra s€ tap trung vao viéc tao ra do
ngap rang ludi khoan lam tang khoi lugng dat da pha huy, nhung dong thoi lam tang moment quay miii
khoan va cuong d6 mon cua nd;

e néu C tién dén gia tri 16n nhat (max), khi d6 phan luc IV, s& ting 1én va N, s& giam xudng. Phan
luc ¥, anh huong dén lyc ma sat tai mat phang dau ring;

e liyc ma sat tai dau rang F, 1a thanh phﬁn dang lo ngai hon rat nhiéu so voi lyc ma sat tai mat
phang d4u riang ludi khoan F, . N6 lam ting muic d6 mon tai dau rang, 1am giam d6 ngap rang va lam giam
thoi gian phéa huy hi¢u qua cta ludi khoan. Vi vay, dé gidm mirc d0 mon cua ludi khoan hop kim ctiing
goc lap dat rang ludi khoan phai tién dén gia tri 90°, khi d6 gia tri biéu thie C tién dén max (hinh 2);

e néu C dat gia tri am, khi d6 luc ma sat F, ddi chiéu va hinh chiéu cia né 1én truc Oz lam ting
gié tri cta phan lyc N, dan dén mic d6 mon ctia rang sé tang 1én trong khi 6 ngap rang khong doi.

Cong 2 phuong trinh (5) va (6) ta thu dugc:

B, + B = Ny(1+f;) + Ny[(f, + U)sina — (1 — £, Jeosa], ®)
N.(1+£) =B + B = N,[(f, + )sina — (1 = £, )cosa] )

hay
N.(1+f,) =B +B — N,[D] (10)

trong do: D = {f;, + 'l}s:'m - {1 —f;,}cusn'
Tir phuong trinh (10) ta co, néu biéu thirc D tién dén max thi phan lyc N, tién dén min. Dé xac dinh
cac cuc tri cua ham D() ta tién hanh dao ham cip mot ham nay:
— = {_f;, + 'J.}cusn' + {'J. —f_;,}s:'m =0.
Nhéan théy réng, ham D khéng ton tai cuc tri. Ta tién hanh xay dung dd thi su phu thudc cua gia tri biéu
thirc D vao goc lap dat rang ludi khoan (hinh 3). Trong d6 hé s6 ma sat f, thay doi tir 0,1 dén 0,3.
15

D

05

-0.5

——f=0,1 f=0,2 £=0,3

Hinh 3. Biéu d6 sw phu thugc ciia biéu thirc D vao gid tri goc lap dat rang ludi khoan e.

Sau khi phan tich dd thi 3 ta nhan théy, gia tri cua ham s6 D tién dén max khi & = 90°. Biéu nay mot
1an nita khang dinh két luan bén trén “khi & tién dén 90° thi luc ma sat tai d4u rang ludi khoan F, tién dén
min”.

4. Két luan

Véi viée st dung nguyén 1y D’alambert nhom tac gia da xac dinh céc yéu t6 chinh anh huong t6i hiéu
qua pha huy va mirc d6 mon cua ring trong qué trinh khoan va dua ra mot sé két ludn nhu sau:

- Bé giam muc dd mon cua rang ludi khoan hop kim ctng khi khoan trong dit d4 mém va cimg trung
binh, ching ta can sir dung goc lép dit ring & = 90°. Két luan nay phu hop véi thuc té khi ma cac nha san
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xuét ludi khoan hop kim ctng thudng sir dung goc lap dat & = 90° va tuong dong véi két qua nghién ctru
(Bamkaros JI.H., 2010) cua tic gia Bamkaros JI.H. khi dya trén tiéu chi “cong riéng pha huy déat da”;

- Khi & = 73% + 85° (gia tri biéu thuc C = 0), toan bd cong do luc chiéu truc F, sinh ra s@ tdp trung
vao viéc tao ra do ngép rang ludi khoan lam ting hiéu qua pha huy tirc thoi, nhung dong thoi 1am ting
moment quay mili khoan va cuong d6 mon cia no;

- Khi @ = 73 (gia tri biéu thirc C < 0), lyc ma sét tai dau cua ring F, tang 1én va tién dén gia tri cuc
dai trong khi ¢ ngap ring ludi khoan khong thay doi.
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ABSTRACT

Effects of tooth installation angle on the life of hard-alloy drill bits
Nguyen Tien Hung?, Nguyen The Vinh!, Doan Thi Tram?!, Nguyen Van Thanh?
Hanoi Univesity of Mining and Geology

Hard-alloy drill bits are widely used in exploration drilling in the world in general and in Vietnam in
particular. They are often used for drilling through the soft formations and breaking the rock by the
cutting principle. Therefore, their teeth are often worn rapidly. This reduces their life as well as directly
affects the effective and the cost of drilling. The teeth of the hard-alloy drill bits are installed at different
angles according to individual plans which depending on the physical properties of the rock. Enhancing
the life and effective destroying time of the hard-alloy drill bit are always a concern for designers and
manufacturers. The authors used the D'alembert's principle to construct the force system that applying on
teeth of the hard-alloy drill bit in the drilling process. Base on this, the force components and the factors
influencing on them were analyzed to determine the rule and evaluate the influence degree of these
factors on the tooth bit wear as well as the strength of the bit when changing the mechanical properties of
rock. Studying the Effects of teeth installation angle to their wear allows proposing solutions to improve
the life as well as the effective drilling time of the hard alloy bits.

Keyword: hard-alloy drill bit, tooth installation angle, negative angle, positive angle, tooth wear
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Study the applicability of avo in coal exploration
Phan Thien Huong®*, Tran Van Huu?, Lai Ngoc Dung?, Nguyen Van Hanh?
Hanoi University of mining and geology
Union of Geophysics, Department of Geology and Minerals of Vietham

Abstract: Coal plays an important role in rapid growth of Vietnam's economy, however, the
identification of deep coal seams has not yet achieved the required reliability. This leads to assessment of
coal potential not consistently, the figures are very fluctuating. The potential coal in the Red River
Trough of Vietnam cause big discussion, its potential is predicted from 100 to 210 Gt. Seismic method
has been known long time to be the effective tools to find coal at great depths. However, there are some
limitations such as difficulty, not accuracy to determine the thin coalbeds. AVO is one of the advanced
technologies for identifying lithology and predicting reservoir in oil and gas exploration. So does AVO
can effectively apply to coal exploration? Based on the physical nature of the rocks surrounding the coal
seams in the Red River Trough, the team studied the AVO method for model of two layers. Initial results
have determined the applicability of this attribute in coal search in the Red River Trough.

Introduction

Ma Duong

4 3
; 2 Thai Nguyen
5 }/
™

/ \ © Campha

Da River or Song Da \ Qlll'uang Ninh

Red River Delta

6

Ca River and

Mghe Tinh
1 Quang Ninh
2 Thai Nguyen
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4 North Path
5 Da River i .
6 Ca River port of shipment
[ red Hiver coalfield
8 Na Duong

Figure 1: Location of Red River deposit (Ritscheland Schiffer, 2007; Bui and Drebenstedt, 2004)

In 2006 Vinacomin announced that it had discovered a significant coal seam in the Song Hong (Red
River) Delta in northern Vietnam estimated to contain up to 100 Gt. The Red River Delta is spread across
the provinces of Thai Binh, Nam Dinh, and Hung Yen, just south of Quang Ninh (see Figure 1) covering
an area of 3500 km? (MTM, 2008). The projected reserves could be as high as 210 Gt, although only 1.6
Gt may be available at depths of less than 1000m leaving a phenomenal amount of reserves that may lie at
extreme depths that may be extracted using unconventional means and could provide potential for future
(yet experimental) methods such as underground coal gasification. The exploitation of Red River

*Tac gia lién h¢é
Email: phanthienhuong@humg.edu.vn
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resources could lead to a change away from anthracite demand towards lower ranks coals, although at this
stage this remains speculative. The subbituminous coals have a respectable calorific value of 6000—6200
kcal/kg, are low in sulphur, and suitable for thermal power generation and metallurgy (Paul Baruya,
2010). Given these qualities, they are comparable to some Indonesian coals, and so perhaps some of the
better quality Red River coals could be developed for both domestic use and export. The importance of
the Red River coals at great depths leads to a requirement for a method to predict their reserve more
accurately. Seismic method is a useful tool that is capable to predict coal seams at a depth of up to few
kilometres, however, the conventional interpretation is based on mapping of reflection horizons that
cannot distinguish coal from other similar lithologies that expose the risk of miscalculation of the coal
spreads and reserves.

In this paper, the authors propose to apply amplitude variations with offset (AVO) technique that can
help to discriminate coals from other lithologies with similar reflection behaviours such as gas sands or
high velocities layers. First the physical causes for AVO behaviour is presented followed by a discussion
of the quantitative methodologies for calculating attributes that describe the AVO behaviour of pre-stack
seismic data. After that, interpretation methods of these attributes are proposed to differentiate between
coals and other lithology types.

Methodology

Amplitude variation with offset comes from ‘energy partitioning’ at seismic reflectors. When seismic
waves hit a boundary, part of the energy is reflected while part is transmitted. If the angle of incidence is
not zero, P wave energy is partitioned further into reflected and transmitted P and S components. The
amplitudes of the reflected and transmitted energy depend on the contrast in physical properties across the
boundary physical properties compressional wave velocity (Vp), shear wave velocity (Vs) and density
(p). The important thing to note is that reflection amplitudes also depend on the angle-of-incidence of the
original ray (Figure 2).

Reflected
Incident §-Wave

P-Wave Reg Reflected
4 P-Wave
1 R
Medium 1
Vp1'Vs1'p1 0,
Interface
B
. Transmitted
Medium 2 P-Wave
Voo Vea P2 b, Ter

Transmitted
§-Wave

Tpg

Figure 2: Incident p wave produces four resulting waves, consisting of two reflected waves and two
transmitted waves

Therefore, the changes of reflection amplitudes with angle-of-incidence can be used to predict the
change of physical properties of the rocks across the boundary. How amplitudes change with angle-of-
incidence for elastic materials is described by the ‘Zoeppritz equations’, which describes the relationship
between reflection coefficients and transmission coefficients as the function of the incident angle and the
elastic properties of the medium such as density, poison’s ratio, compression and shear velocities of
seismic waves. The formula is expressed as the following matrix (equation 1):

—cosf) sind, —cost, sind,
sinf, cosh —sinf, cosd, Agp —cosf;
cosdy, WV smid, —Palpacos25; =PV sin2é; Ags = —sinf, 1)
L Vg 1V P 1V Arp cos2§,
) Vg £6226, Pl vhsin2fs  PaVpr Viz £0828; Arg 5in28,
sinld, - o2 7z
Vet B4 l'r.!! l’_-.-| Pl
where
Vp1 = P-wave velocity in medium 1, Ve, = P-wave velocity in medium 2;Va =

S-wave velocity in medium 1; Vs, = S-wave velocity in medium 2; p; density in medium 1; p, density in
medium 2; 6; =incident P wave angle, 62 =transmitted P-wave angle, 81 =reflected S-wave angle, 52
=transmitted S-wave angle; Are, Ars amplitude of P and S waves in medium 1; Arp, Arsamplitude of P
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and S waves in medium 2.

Because of the complexity and non-linearity of the Zoeppritz equation, several approximate equations
have been proposed (Zang and Brown, 2001). Assuming that the change in elasticity at the boundary is
small, Aki and Richards (1980) approximated the amplitude of the reflected wave P: R (8) as follows:

At _
R{B]”'(L“*_“ gL BB gl (g)

Tt W 18
Where
AV = (V2 = V)
_ {V_u: + V_tu.}
P 2
AV, = (V, — V)
(V. + VSJ
s = 2
dp=(p. —p,)
_p +_.:=Lj‘
= N
_ (8, +8)
T2
In this case only the velocity of the P wave, S waves and densities to calculate the amplitude of the P
wave is R (0).
By simplifying the Zoeppritz equations, Shuey (1985) presented another form of Aki and Richards
approximation:
R(8) =Ry + [dgRy + ] sin’? e+——{mn 8 — sin®8) 3)
Where Ry is the normal- |nC|dence P wave reflectlon coefficient, Ao is given by:

15
AD=BD—7(L+BUJ

AV,
T
B =77 ap
W, T
Aog =g, — 0y
g={g. +a,)/2

The quantity Ao specifies the variation of R(#) in the approximation range 0 <6< 30° for the case of no
contrast in Poisson’s ratio. The first term gives the amplitude at normal incidence, the second term
characterizes R(0) at intermediate angles, and the third term describes the approach to the critical angle.
These simplifications of the Zoeppritz equations make analysis of amplitudes with angle much easier.

AVO Modeling results

The question is that how AVO analysis can be employed for coal prediction? To investigate the AVO
responses of coal bearing strata, a modeling of reflection from a boundary of coal bearing was built using
the rock elastic properties shown in table 1. These parameters of sand and shale extracted from a study by
Peng (2005), the parameters of coal were calculated average from the values of LaiManhGiau report
(2015). Four models of two layers were studied, coalbed on top with shale and sand layers below and vice
versa.

Table 1: Elastic velocities, densities and Poisson’s ratio of coal and surrounding rock

Compression . Density Poisson’s
Rock velocity Shear ve_Ilouty (g.cm?) ratio
(m.s?) (m.s7)
shale 3170 1585 2.360 0.333
sand 3601 2172 2.562 0.214
coal 1968 1592 1.23 0.447

The AVO behaviour of these models are shown in Figure 3 and Figure 4, which demonstrate the
variation of reflectivities with incident angles. From figures 3 and 4, some characteristics are observed as
follow. With model where coal on the top, in the beginning, the absolute value reflective coefficient
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between two layers decreases. Around angle 25 degree the amplitudes change polarity, from this point the
absolute value of reflective coefficient increases. From this figure we can see the gradient of coal sand
model curve is bigger than gradient of coal shale model.

With model where coal on the bottom, in the beginning, the absolute value reflective coefficient
between two layers decreases. Around angle 20 degree the amplitudes change polar, from this point the
absolute value of reflective coefficient increases. From this figure we can see the gradient of sand coal
model curve is bigger than gradient of shale coal model.

Reflection coefficient

Model coalbed roof

80 90

Incidence angle (degree)

coal shale coal sand

Figure 3. The P-P-wave reflection coefficients versus incidence angles of coalbed top interfaces

Reflection coefficient

Model coalbed floor

2.5

15

21 24 27 30 33 36 39 42 45 48 51 54 57 60

Incident angle (degree)

e shale coal s sand coal

Figure 4. The P-wave reflection coefficients versus incidence angles of coalbed bottom interfaces

From the results we can recognise that the amplitude variation with offset in the strata containing coal
is quite significant because of the big different acoustic impedance between coal bearing strata having
elastic velocity and density much lower than corresponding values of shale or sand. However, these cases
are very simplified with the coal thickness being ignored. The tuning of coalbed thickness shall be taken
into account in the analysis.
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Conclusion and discussion

AVO model for geological strata of two layers between coal and sand or shale were created. The AVO
curves show that the reflective coefficient of the coalbed top interface decreases when the incidence
angles increase from 0 to around 25 degrees. The amplitudes change the polarity when the incident angle
is around 25, and then increases with the incidence angles increasing until the angle reaches 60 degree.
The absolute amplitude of the coalbed bottom interface slightly decreases with incident angle of less than
20 degrees. With higher angles the amplitude changes the polarity and strongly increases.

In general, the AVO curves show significant variation and can be analysed to predict the coal presence
of coal in the strata. Recent seismic survey carried out in Song Hong delta for coal exploration provides a
good real case study to investigate the capability of AVO to identify coal bearing layers among the
seismic horizons and correctly define the depth to them since coalbed is intermingled with sand and shale.
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Nghién cau giai phap bom ép nudc hop 1y cho d6i tugng mioxen ha
mo Hong Ngoc nham cai thién hé sé thu hoi dau

Dinh Btic Huy'*, L& Quang Duyén?, Lé Thé Ha®, Pham Chi Duc, Tran Xuan Quy?,
Duong B¢ Hiéu*, Pham Vian Ta!, Tran Dang Ta!, Luu Dinh Tung?, Vuong Viét Ngal
Vign Dau Khi Viét Nam 2Dai hoc Mo - Dja chat
3Tdp doan Dau khi Viét Nam, “Lién doanh Viét — Nga Vietsovpetro

TOM TAT

Hau hét cac mo dau khi I6n ¢ Vigt Nam chu yéu tap trung tai khu vuc bé Ciru Long véi cac mo khai
thac chinh nhu Bach H6, Su Tu Pen, Té Giac Trang, Hong Ngoc déu da bude sang giai doan suy giam
san lugng khai thac vei nguon nang luong via dang dan can kiét. Phan I6n cac mo dang & cudi giai doan
khai thac so cip va chuyén sang khai thac thtr cp nhu mo Bach H6 1a mo dién hinh. V6i kho khén va han
ché v& hoat dong khai thac ngoai bién, dong thoi trong béi canh gia dau thé gisi con thip va nhiéu bién
dong, viéc &p dung céc giai phap thu hoi dau tam cap tiém an rui ro cao. Chinh vi véy, giai phap bom ép
nudc duge xem nhe mot phuong phap hiéu qua va mang lai hiéu qua kinh té cao. Trong pham vi nghién
clru cua bai bao nay, cac tac gia tur danh gia dac diém via chira, hién trang khai thac va nghién ctru dua ra
giai phap bom ép nudc hop Iy nhat cho ddi tueong Mioxen ha, mo Hong Ngoc bing cach su dung phuong
phap md phong s hoc nham cai thién hé sb thu hoi dau. Két qua nghlen ctru da chi ra rang chiing ta c6
thé t6i wu hoa giai phap bom ¢ ép, va voi 07 gleng bom ép nudce tir néu ap dung tir thoi diém 2019 sé& giup
tang thém hon 10,7 triéu thang dau tich liy tir d6i twong khai thac.
Key words: Hé s thu héi déu, IOR, EOR, bom ép miréc, md phong sé

Giédi thiéu

Trong nhitng ndm gan day, san lugng khai thac dau khi tai Viét Nam dang co xu hudng suy giam,
trong khi s lugng cac mo méi phat hién khdng nhiéu va da phan la cac mo nho, can bién. Dy béo khai
thac cho cac mé dau hién nay cho thiy san lugng di di vao giai doan suy giam nhanh, dén sau nam 2024
chi con 10 trigu tin/ndm dén nim 2035 1a dudi 2 triéu tin/nam. Do d6, viéc ap dung cac bién phép gia
tang san lugng (IOR) va céc giai phédp nang cao hé sb thu hdi dau (EOR) trén cac mo dang khai thac 1a
vén dé cap béch hién nay khdng chi ¢ Viét Nam ma con trén ca thé giéi.

Bom ép nuéc 14 giai phap thong dung trong khai thac thir cap nham cai thién hé sb thu hoi dau. Giai
phap da duogc tng dung rong rai trén thé gigi tir thoi diém nhitng nam 1950. Cac via chira khép kin khong
¢6 nudc ria trong giai doan khai thac so cp ¢ ché do ning luong ty nhién nhu ning luong dan hdi va
nang lugng khi hoa tan noi tai thi c6 hé sé thu hoi dau khé thap. Trong nhiing truong hop nhu vay chuyén
sang ché d6 khai thac thir cap nhu bom ép nudc ¢ day dé duy tri &p suat via c6 tac dung gia ting thu hoi
dau. Pi c6 nhiéu céc cong trinh nghién ctru cac giai phap nang cao san lugng véi ki thuat cao va cho thay
tiém nang cai thién hé s6 thu hdi dau, tuy nhién, bom ép nude duge xem 12 giai phap ki thuat dé &p dung,
kha nang thanh cong cao va mang lai hidu qua kinh té.

1. Pic tinh ting chira, hign trang khai thac va dic trung ning lwong via ciia taing Mioxen ha mé
Hang Ngoc.
1.1. Vé cdu tric via chira va tinh chdt dd chira:

Hong Ngoc duoc xac dinh 12 mo trir lugng cao nhat so véi cac mo con lai thude Lo 01802, dbi tuong
khai théc chu yéu la cat két trong ting Mioxen. Danh gia trir lwong du khi ban dau cac ddi tuong cho
thdy dau chiém da sé tai d6i twong Mioxen. Mioxen bao gdm céc tap via chira Mi-08/09/10/20/30, dugc
gidi han bai dinh cua tap B1.2 (IEMU-II) va dinh cua tap B1.1 (IEMU-I) ¢6 @6 day 3-20m. Hai tap Mi-
09/10 la cac via chira chinh trong khi Mi-08/20/30 dugc coi la c&c via chira phu. Bac tinh via chira cua
dbi twgng Mioxen duoc thé hién trong Bang 1. Gia tri do rong va do thim cua dbi twong cat két Mioxen l1a
tuong ddi tot 15 — 26 (%), 200 — 400 (mD) va c6 do dong nhét cao so véi cac dbi twong con lai cua mo.
Vi d6 bdo hoa dau ban dau tir 35 — 53%, ti suat khi - dau hién tai dat ~600 (phit khdi chuan/thing).

*Tac gia lién h¢
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Bang 1 Pdc tinh via chira va chi sé khai thac ciia doi irong Mioxen ha mé Hong Ngoc

Doi twong Mioxen Cat két
NTG (m) 2-9
%] (%) 15-26
K (mD) 200-400
Soi (%) 35-53
Rsi (phit khoi chuén/thting) 547
Boi (rb/stb) 1,307
Pb (psia) 2240
Pi (psia) 2480@1771mTVDss
iWOC mTVDss 1771 (MI-09/10)

1.2 Hién trang khai thac

Mioxen 1a dbi twong khai thac chi dao caa mé Hong Ngoc, san lwong khai théc tir d6i tugng nay
chiém dén 85% san luong khai thac cia mo va trén 45% san luong khai thac cua toan 16 01&02. Hoat
dong hd tro khai thac véi hé thong duong dng dan khi phuc vu gaslift néi mo lam viéc on dinh gitp cho
san luong khai thac van duy tri & mirc ~7000 (thung/ngay), gia tri GOR ~850 (phit khdi chuan/thung), do
ngap nudc ~40(%). Co tat ca 24 giéng dang hoat dong khai thac tai 02 gian RBDP-A va RBDP-B trén
tong sb 33 gleng Co ché nang lugng hién tai Van 1a co ché gidn no va &p luc nudc day. Nhu vay, mo
Hong Ngoc van dang & giai doan khai thac so cap, sau mot thoi gian khai thac da suy giam dang ké nén

viéc tim ra cac giai phap hd tro khai thac va duy tri ning lwong dang 13 van dé cip béch tai mo.
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Hinh 1 Dgng thai khai thac ciia doi irong Mioxen mé Hong Ngoc tinh téi thoi diém 1/2017
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Hinh 2 Két qud khdp lich siz toan md hinh cia déi twong nghién ciru
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2. Nghién ciru va xay deng md hinh mé phéng cho dbi twgng Mioxen ha mé Hong Ngoc
2.1. M6 hinh thiiy dja chdt doi tweng Mioxen ha, mé Hong Ngoc

Viéc xay dung mé hinh dia chét cho cac ddi twong khai thac chinh tang Mioxen ha mé Hong Ngoc 1a
bude can ban dau tién duoc thyc hién cho cong thac thiét ké va téi uu cac phuwong an bom ép nuéce. Viéc
mo phong cac thude tinh dia chan gitp xac dinh cac ranh giéi dau nudc cling véi d6 1a dinh lugng sy bién
thién cua céc tinh chat dat da va cac anh huong ciia né dén do bdo hoa chat luu, dong chay. Dbi tuong
chinh duoc chon dé xay dung mé hinh mod phong la cac tang cat két Mi-09 va Mi-10, ddy 1a nhimng doi
tugng chira chinh cua via véi phan 6n cac giéng khai thac hoat dong. Céc budce co ban trong cong tac xay
dyng mé hinh dia chit nhim mo phong tinh chét via chira bao gom xac dinh tuéng da, lién két gleng
khoan theo dién, xay dung mo hinh c4u trac, mé hinh hé thong dut gay, xay dung mo hinh thugc tinh, xéc
dinh trix lugng, cac két qua cia mo hinh dia chit dugc chuyen sang lam dau vao cho mé hinh khai théc.

Viéc xac dinh dic tinh cho tang chira dugc dya trén két qua phan tich thach hoc ciing véi ban dd moi
truong tram tich khu vgc mo. Tir cac phén tich nay da xéc dinh duge 4 tudng da va trong sd d6 da xac
dinh dugc 2 tudng da c6 anh huong chinh dén kha nang chira dau.

Trir lwong dau khi theo mé hinh dia chat 3D dugc phan tich 6 nhay cho 45 truong hop dé xac dinh
khoang bién doi trir lwong dau khi trong Gng véi cac gia tri xac suat P90, P50 va P10. Trir luong theo
phuong 4n co s& nam trong khoang 5% so Vi trir lugng duoc phé duyét.

! Well Correlation and
Facies Tagging

Define 3D Grid, Structural
& Fault Modeling

Well Design

Simulation

Facies

Volume
Sensitivity

Azimuth 41 degrees
K

Hinh 3. Quy trinh x&y dwng md hinh 3D Hinh 4. Phan bé tuéng da trong mé hinh

2.2. M6 hinh khai thic di twong Mioxen ha mé Hang Ngoc

M6 hinh mé phéng thuy dong huc hoc khai thac (MHKT) duoc xay dyng tir ban dd cdu trdc, thudc
tinh, phan b6 do rong, thim va do bio hoa nude ban dau dugc lay tir mo hinh dia chat 3D két hop véi cac
thong s6 vé hé chat luu trong via, tinh chat da chia va céc s6 liéu khai thac. M6 hinh dwoc gitr nguyén
kich thudc 6 ludi (330x500x2 ft) tir md hinh dia chat véi tong s 233.618 6 ludi va 171.049 6 ludi hoat
dong. Céac diéu kién ban dau ciia md hinh dugc xay dung va xac lap tir s6 liéu thir via dang tin cay. S6
liéu phan tich thanh phan chat luu duoc sir dung tir chat luu giéng HN-3X, duong cong thdm pha tuong
ddi duoc lay tir giéng HN-6P thuc nghiém trén 06 mau 15i tir d6i twong. Ham J-Leveret thiét 1ap mdi quan
hé giita ap suat mao dan va do bao hoa nudc duoc xay dung. Cac diéu kién xac lap ché do nudce van dong
cho tap Mi-10, ranh gigi dau nu6c ban dau, lvgng dau tai chd ban dau... caa md hinh thuy dong lec dugc
Xac lap.
2.3. Khdp lich sir khai thdc

Trong qué trinh khép lich sir khai thac, luu lwong dau cua cac giéng khai thac dugc sir dung nhu 1a
thdng s6 dau tién va quan trong trong viéc kiém soat chat luong md hinh. Céc yéu t6 khac nhu: ap suét
via, ti 1¢ nudc (water cut), ty s6 khi- dau (GOR)... cing duoc su dung dé danh gia va 1a co s dé hiéu
chinh cac thong 50 ctia md hinh. Dé dat dugc két qua khop lich st t6t can thiét phai tién hanh mot s6 hiéu
chinh vé théng s via, su anh huong cua nguon cung cap ning lugng, dic tinh lwu thong gitra cac khu vuc
trong qué trinh khai thac, bao gom:

- Phanbd do thém khu VU,

- D¢ dan thiy va muc do lién thong thay luc,

- Hé sé nhidm ban giéng khai thac...;

Két qua khop lich st khai thac mé hinh va trén cac giéng riéng biét cho thiy mic d6 phu hop giira
lich sir va md hinh mé phong cho thay mé hinh du d6 tin cay dé sir dung cho muc dich du bao va thuc
hién cac giai phap nham t6i vu khai thac.
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Hinh 6 Két qua du béo khai thac phuwong dn co sé cho doi tuong nghién cizu Mioxen Hg mo Hong
Ngoc

2.4. Du bdo khai thdc cho déi twong
2.4.1. Phuong dn co so.

Sau khi két thic qué trinh khép lich str, du béo khai thac cho dbi twong dugc tién hanh. Nhiéu
phuong an phat trién duoc dat ra nham muc dich nang cao thu hdi dau va tir d6 d& xuat phuong 4n phat
trién t6i uu cho toan mo. Thoi diém bat dau chay du bao tir 01/01/2017 dén nam 31/12/2036, diéu kién
khéng ché giéng khi chay dy béo: ap sudt day 50 - 70 bar, WCT 97%, luu lugng t6i thiéu 20 thung/ng.d.

- Luu luong dau téi thiéu: 1.200 BOPD

- Do ngap nudc tdi da: 97%

- San lugng dau trén 1 giéng téi thiéu: 20 BOPD

- Apsuat day giéng chay tdi thiéu: 400 psi

- Apsuat via téi da: 3.200 psi

V6i cac giéng hién tai va khdng cé cac hoat dong tiép theo, viéc thu hdi dau cudi cung tir via chira
Mioxen-09 & 10 1a 97,05 MMstb vao ngay 01 thang 1 ndm 2037 (Hinh 6). Phuong an nay xem nhu
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phuong 4n co sé dé so sanh véi cac ké hoach phét trién khac.
2.4.2. Nghién ciru gidgi phdp dan day giéng khoan nham gia tang san lrong.

Dua trén phan b do bao hoa dau trung binh tai thoi diém 01 thang 1 nim 2037 cua phuong 4n co sd,
05 vi tri tiém ning cho khoan dan day giéng dugc xac dinh (Hinh 7), cu thé 1a IF1, IF2, IF3, IF4 va IF5.
Tt ca cac giéng duoc mé via trong ca 02 dbi tugng Mioxen-09 va 10. Hinh 8 thé hién két qua mo phong,
cho thiy lwong dau tich liy trén mdi vi tri giéng va tong tong san lwong diu gia ting cuia toan ddi tuong.
Tai vi tri IF1 dat san lwong thu hdi dau ting cao nhat (0,6 MMstb). Tuy nhién, sy gia ting twong ddi nho,
do d6, vai tinh trang via chira hién tai thi khoan dan day giéng chua dugc xem nhu giai phap t6i wu.

0.8

0.6

0.4

n M
IF2

IF3 1F4

Well name
B Fald Inerement BWell ol recovery

01il recovery (MMsth)

Hinh 7. Ban do b&o hoa dau trung binh cua doi Hinh 8. San lwong dau gia tang theo Vi tri dan
tiwrong nghién cuu tai thoi diem 01/2017 day gieng khoan

3. Xay dwng ké hoach va tbi wu giai phap bom ép nuéc

Ké hoach duy tri nang lugng via biang giai phap bom ép nude dugc xay dung cho Mioxen-09 & 10
Hong Ngoc nham cai thién hiéu qua quét dau. Do dong thai ngap nudc hién tai cua mo, cac gleng bom ép
dugc thiét ké & phan ria cia dbi twong nham day dau téi giéng khai thac. Bén canh do, mot sb giéng bom
ép duoc thiét ké ¢ khu vyc trung tam nham duy tri ndng luong via do cac gleng bom ép & phan ria cua ddi
tuong khong anh huong téi. Cac giéng bom ép bao gom chuyén dbi cac giéng dong da dong do ngap
nudc hodc higu suat khai thac thap ciing nhu khoan cac giéng bom ép nugc méi. Tét ca cAc giéng bom ép
dugc mé via & ca Mioxen-09 & 10. Thoi diém bt ¢au bom ép tir thang 1 nam 2019.

3.1. Chuyén déi cdc giéng hign cé sang bom ép:

Tat ca cac giéng ding khai thac tai thoi diém hién tai (HN-6P / S, HN-7P, HN-9P, HNB-1P va HNB-
2P) va giéng dau véi luu lugng khai thac thap c6 d6 ngap nuée cao (HN-1P, HN-12P/S va HNB-8P) dugc
lya chon dé chuyén doi thanh giéng bom ép (Hinh 9). San lugng dau gia ting sau khi chuyén doi dugc thé
hién trong Bang 3.

13
5

:ininn.ullt{ <!

T Er L

45



Hinh 9 Ban dé vi tri giéng khoan chuyén doi tir khai thac kém hiéu qud sang bom ép
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Hinh 10 V; tri cac giéng bom ép méi

Bang 2. Luwong dau tich liy gia tang doi véi truong hop giéng chuyén doi va giéng bom ép méi

STT Giéng Luu lwong bom ép (thing/ngay) | San lwgng diu gia ting (triéu thing)
1 HN-1P 3,500 0.85
2 HN-6P/S 3,500 0.45
3 HN-7P 3,500 -
4 HN-9P 3,500 0.5
5 HN-12P/S 2,000 1.7
6 HNB-1P 3,500 Khong hiéu qua
7 HNB-2P 3,500 -
8 HNB-8P 3,500 0.6
9 WI-01 3,500 0.9
10 WI-02 3,500 0.91
11 WI-03 3,500 1.1
12 WI1-04 3,500 1.2
13 WI-05 3,500 0.5
14 W1-06 2,000 3.3
15 WI-07 2,000 2.1
16 W1-08 3,500 0.6
17 WI-09 3,500 1.3
18 WI-10 3,500 1.2
19 Wi-11 3,500 11
20 WI-12 3,500 2.3
21 WI-13 3,500 0.3
22 WI-14 3,500 0.8
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3.2. Lwa chon vj tri giéng bom ép méi ' o
~ Céc phuong an danh gia do nhay vi tri gieng bom ép méi dugc thuc hién cho moi gieng bom ép méi,
két qua cho thay mot s6 vi tri tiém niang da dugc xac dinh nhu trong Hinh 10 va két qua thu hoi dau gia

tang duoc thé hién trong Bang 3.

3.3 Toi wu s6 lwong giéng bom ép
Dua trén két qua t6i wu vi tri giéng bom ép mai va giéng chuyén doi sang bom ép da trinh bay tir phan

trude, lwong dau thu hdi tang dan tir mdi giéng bom ép duoc lya chon riéng Ié duoc sap xép theo khu viuc

(Bang 5). Cac kich ban san luwgng duoc xay dung véi cac ké hoach dwa giéng bom ép khac nhau nhu sau:

Bang 3 Luong ddu tich lily gia tang trong trirong hop toi wu vi tri giéng khoan theo khu vic

Khu vue Giéng Tong san lwgng diu gia ting (tri¢u thiung)
WI-02 0.91
Khu vuc Tay ciia mo Wi-01 09
HN-01 0.85
HN-6P/S 0.45
WI-09 1.3
WI-03 1.1
Khu vuce Béc ciia mo WI-05 0.5
HNA-7P -
HNB-2P -
WI-06 3.3
WI-07 2.1
Khu vyc trung tam ctia mo HNA-12P/S 1.7
WI-04 1.2
HNB-1P -
WI-12 3.2
WI-10 1.2
WiI-11 1.1
Khu vuc Dénngam cua WI-14 08
mod
WI1-08 0.65
HNB-8P 0.6
HN-9P 0.5

Bdng 4 Sdn lwong gia ting trén toan mé dwoc Xdp xép theo sé lrong giéng

STT | 1giéng | 2 giéng 3 giéng 4 giéng 5 giéng 6 giéng 7 giéng 8 giéng
1 W1-06 W1-06 WI-06 WI-06 WI-06 WI-06 WI-06 WI-06
2 WI-12 WI-12 WI-12 WI-12 WI-12 WI-12 WI-12
3 WI-09 WI-09 WI-09 WI-09 WI-09 WI-09
4 WI-10 WI-10 WI-10 WI-10 WI-10
5 WI-02 WI-02 WI-02 WI-02
6 WiI-11 WiI-11 Wi-11
7 HN-1P HN-1P
8 WI-03

San lugng dau gia tang cho 8 trudng hop so V6i phuong dn co s¢ dugc thé hién trong hinh 11. Sy khéac
biét ctia Ivgng dau thu hoi gitra truong hop 07 giéng bom ép va truong hop 08 giéng bom ép la twong doi
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nho (khoang 0,2 MMstb). Su khéc biét giita sau giéng bom ép va truong hop bay giéng bom ép khoing
0,5 MMstb. Tuy nhién, HN-1P la giéng chuyén doi. Do d6, c6 the ket luan rang kich ban bay giéng bom
ép 1a phuong an hop ly nhat st dung dé t6i vu khai thaic mé Hong Ngoc.
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Hinh 11. Két qud ddanh gid dg nhay sé lwong giéng bom ép

e
.
ann

© 102 Lwru lrong bom ép t6i
wu 38.500 stb/d

1.000 ¥
0 10,000 20,000 30,000 40000 50,000 60,000 70,000 80,000

Luu Irong bom ép nwede, sthyd

Hinh 12. Két qud t6i wu lwa chon luu heong bom ép toi wu cho giéng

3.4. Lwa chon doi twong bom ép

Nghién ciru bom ép tirng viing riéng biét dugc tién hanh cho ting via chira riéng Ié véi ciing ty 16 bom
ép. Két qua duoc thé hién trong Bang 6. Tat ca cac giéng cho thay hiéu qua thu hdi dau cao nhét véi kich
ban bom ép két hop.

3.5. Lua chon thoi diém bom ép.

Nhim xac dinh thoi diém bom ép, cac tac gia xay dung va xem xét giira 02 kich ban. Phuong 4n 1 bat
dau tir nam 2019 trong khi phuong 4n 2 bit dau tir nam 2020. Két qua duoc thé hién trong Bang 6 chi ra
rang khi trién khai bom ép sém hon s& dat dugc higu qua thu hoi t6t hon, rat ngan thoi gian thu hoi va
giam chi phi van hanh khai théac.
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Bang 5. Nghién citu danh gid dg nhay thoi diém bom ép va lira chon lieu leong bom ép t6i wu

Nghién ciru lya chon tin

5 chira bom ép tdi wu

Tang Mi-9/10 Mi-9 Mi-10
vung Luu lugng bom 3500 3500 3500
ép (thung/ngay)
Bic WI-02 0.91 0.73 0.89
HN-1P 0.85 0.8 0.79
Tay Bic WI-09 1.3 1.1 0.8
Trung tdm WI-06 3.3 3.2 1.6
WI-10 1.2 1 0.8
Péng Nam Wi-11 1.1 1 0.9
WI-12 3.2 2.6 2
Nghién ciru lya chon thoi diém bom ép t6i wu
Thoi diém bat Luu lugng bom $6 giéng bom ép Tong san
dau bom ép ép luong thu hoi
(nam) (thung/ngay) giéng H¢ s0 ty 1€
PA co sO - - 0 1
PA 1 2019 26,500 7 1,093
PA 2 2020 26,500 7 0,996
Nghién ciru lyra chon lwu lwgng bom ép ti wu
PA co so - - 0 1
PA'1 2019 8,000 7 1,061
PA 2 2019 22,800 7 1,112
PA 3 2019 30,400 7 1,127
PA 4 2019 38,500 7 1,135
PA 5 2019 45,600 7 1,135
PA 6 2019 53,200 7 1,135
PA7 2019 76,000 7 1,126

3.6. Xdc dinh luu lwgng bom ép

Céc truong hop danh gia do nhay luu lugng bom ép trén mé hinh dugc thuc hién dya trén bay vi tri
giéng bom ép da duogc lua chon bay tbc d6 bom khac nhau: 8.000, 22.800, 30.400, 38.500, 45.600, 53.200
va 76.000 (thung/ngay). Cac két qua duoc thé hién trong Bang 6 va Hinh 12. Dya trén sy gia tdng san
luong dau, chiing t6i thay rang luu lwong bom ép téi vu 1a 38.500 (thung/ngay) 1a Iuvu luong cho téng thu

hdi cao nhat.

Két qua nghién ctu va tdi uu hoa, ké hoach phét trién cho Mioxen-09 & 10 Hong Ngoc duoc xay

dung va tém tat nhu (Hinh 13):

Hinh 13 Két qua gidi phdp bom ép nuée cho doi twong Mioxen Hong Ngoc.
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3. Két luan

- P6i voi dbi twong Mioxen ha moé Hong Ngoc hién nay ning lwong via suy giam manh sau mot thoi
gian khai thac céc giai phap khoan dan day giéng khong mang lai hi¢u qua thu hoi dau cao.

- Giai phap bom ép nuéc dem lai hiéu qua va lya chon s luong cac gleng bom ép nudce c6 tac dong
t6i ¢0 hiéu qua khai thac va dbi véi d6i tugng Mioxen ha thi sir dung bay giéng bom ép (sau giéng mai va
mot gleng chuyén d0|) 1a pht hop va dat hiéu qua cao nhat.

- Pi véi hai d6i tuong Mioxen-09 & 10 nén bom ép cho ca 02 dbi tugng.

- Thoi diém bom ép nén thuc hién bom ép nudc cang sém thi hidu qua thu hoi dau cang cao.

- D6i v6i phuong an bom ép nay thi luu lugng bom ép t6i wu nén 14 38.500 (thung/ngay).

- Tat ca cac giéng cho thiy hiéu qua thu hdi dau cao nhat véi kich ban bom ép két hop
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ABSTRACT

Research on the applicability and optimization of water flooding for

lower mioxen formation of Hongngoc field to improved oil recovery
Dinh Btrc Huy!, Lé Quang Duyén?, Lé Thé Ha3, Pham Chi Buc!, Tran Xuan Quy?,
Duong Duc Hiéu*, Pham Vin Tu!, Tran Dang Tul,Luu Pinh Tung!, Vuong Viét Ngal
Vi¢n Ddu Khi Viét Nam 2Pai hoc Mé Pia chat
3Tép doan Dau khi Viét Nam, “Lién doanh Viét — Nga Vietsovpetro

Most of the oil fields in Vietham are in the depletion stage with low-pressure support. All of the
biggest oil fields are located in Cuu Long Basin including White Tiger, Black Lion, Dawn, Dragon,
White Rhino, HongNgoc... Some of them are produced with secondary recovery by applying water
injection like White Tiger, Dragon... Water injection is the most commonly used method to improve oil
recovery after primary depletion.

Hong Ngoc field is located near the eastern edge of Cuu Long Basin in approximately 100 feet of
water. The field produces from the Lower Miocene with the main producing formation in two sands.
Ruby field has been in production for almost 18 years by nature depletion. This paper focuses on design
and optimization the water injection plan for Lower Miocene reservoirs of Ruby field to improve oil
recovery base on numerical simulation method. The results from simulation present 10.7MMstb
additional oil recovery with 07 injectors from 2019.

Keyworks: RF, IOR, EOR, injection, simulation
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ERS E ; HOI NGHI TOAN QUOC KHOA HOC TRAI BAT
EANIH BOIENGES MO VA TAI NGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ctru, danh gia kha néng ap dung giai phap ngén cach nudc

bang phuong phap hoéa hoc cho tang tram tich bé Cuu Long
Hoang Linh!*, Pham Truong Giang?, Hoang Long?, Lé Thé Hung?, Binh Buc Huy?, Tran Xuan Quy?,
Pham Chi Birct, Pham Vian Tal, Vuong Viét Ngal, Luu Dinh Tung?, Tran Dang Ta!, Lé Quang Duyén?
LVign Dau khi Viét Nam
2 Trirong Pai hoc Mo - Pja chat
Email: Linhh@vpi.pvn.vn

TOM TAT

Trong giai doan khai théc hién nay, hau hét cac mo dau tai Viét Nam déu da ap dung céc bién phap
khai thac thtr cap, trong d6 phd bién nhat 1a 4p dung bom ép nudc vao via. Tuy nhién, phuong phap nay
cling la nguyén nhén chinh gdy nén hién tugng ngép nudc cao trong giéng khai théc. Véi dic trung dia
chat cua nhiéu dbi tuong tram tich cat ket 14 tang chira bao gom nhiéu via mong xen Kkep véi do day trung
binh thap, hién tugng ngap nudc bao gom ca qua trinh di chuyén cua nuéc tai chd 1an do anh huong coa
nudc bom ép cang di&n ra phtc tap, kho theo ddi va kiém soét, anh huong dén kha niang khai théc cua
giéng. Cac giai phdp ngan cach nudc khai théc co hoc qua thyc té da chirng t6 khong phai 12 giai phap t6i
ru voi cac dbi twong phuc tap, do d6 viéc nghién cuau, xay dung giai phap str dung cac loai hoa pham phu
hop vai diéu kién via chira va hé thong cong nghé, thiét bi khai thac, mang lai hiéu qua ngin cach nudc
t61 wu 1a mot nhiém vu cap thiét.

Bai béo trinh bay céc giai phap ngan cach nude da dugc nghién ciru hoic ap dung tai Viét Nam, danh
gia hiéu qua cua ting giai phap va rat ra bai hoc kinh nghiém qua d6 danh gia tiém ndng ap dung nhém
giai phap hoa hoc cho cic dbi tugng tram tich cat két tai bé Curu Long. Két qua nghién ciru s 1a tién dé
thiic day viéc ché tao, thir nghiém hé héa pham ngin cach nudc.

Tur khoa: ngap nudce, giai phap ngan cach nudce, via xen kep

1. Pit véan dé

Trén thé gigi hién nay ¢ nhiéu phuong phap lam giam do ngap nudc tai cac giéng khai thac, co thé
phan thanh hai nhém chinh: nhém cac giai phap co hoc (nhu d6 ciu xi ming, st dung cong nghé hoan
thién giéng thong minh...) va nhom giai phép héa hoc (polymer, gel, hé polymer/gel). Tai Viét Nam tinh
dén thoi diém hién tai, mot s nha thau nhu Vietsovpetro, PVEP POC da 4p dung cAc giai phap ngin cach
nu6e co hoc trong dé chu yéu 1a phuong phép d6 cau xi ming va gan day 1a ap dung cdng nghé hoan
thién SSD (Sliding Side Doors). Tuy nhién danh gia dya trén co ché hoat dong cho thay, céc giai phap co
hoc chi thuc sy mang lai hiéu qua cao di véi cac via chira ddng nhit cé chiéu day Ion va qua trinh ngép
nudéc dién ra theo trinh ty tir dudi 18n trén. V6i da sé cdc mo con lai do nhitng phic tap vé dia chat va dic
diém dia tang, viéc ap dung cac giai phap co hoc thuong di d6i vai viéc phai loai bo ca nhitng tap cat
dang cho dong dau cao nam xen k& giira cac tap da ngap nudc.

Nhom giai phap hoa hoc dé ngin cach nudc ciing duoc nghién cau va ap dung kha phd bién trén thé
gi¢i nhu s dung hé polymer/gel. Co che cua phuong phdp nay la st dung cac hé hoa pham bom ép
xudng via gay bit nhét mét phan cac 15 rong giam do thim cuc bo 1am thay dbi huéng dong chay cua
nuée bom ép dén nhimg ving c6 do thim thip, qua d6 lam giam d6 ngap nudc cia ting san pham nhim
duy tri san lugng. Tai Viét Nam ciing d3 c6 mot s6 nghién ctu va &p dung thir nghiém phuong phéap nay
c6 thé ké dén nghién ctru 4p dung hé nhii trong nhya duong cua Vién Dau khi Viét Nam, nghién ciu 4p
dung thir nghiém hé Polymer-Surfactant caa Halliburton cho mé Té Giac Tréng, tng dung thir nghiém hé
gel nhém ngin cach nudce ddi véi mo Bach Ho. Tuy nhién céc nghién ciiu va thir nghiém nay hodc chua
mang lai hiéu qua thuc té, hoic chua dugc ap dung thir nghiém dé c6 danh gia day du.

2. Co st ly thuyét va phwong phap nghién ctiu

2.1. Tong hep cac két qud nghién ciru, &p dung ngdin cich nwéce da thuc hign tai bé Ciru Long
2.1.1. Céc giai phdp co hoc

*Tac gia lién h¢
Email: Linhh@vpi.pvn.vn
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Nhom giai phap co hoc ¢6 thé phan thanh 2 phuong phap chinh bao gom

D6 cau xi mang: Néu mirc do ngap nudce cua cac giéng khai thac qua lon gitra cac tang khai thac riéng
biét cia mot giéng cu thé thong thuong dung phuong phap d6 cau xi mang. Xi mang thuong duoc su
dung dé kiém soat nuéc co hoc, bom ép xi ming la phuong phéap kiém soat nudc phd bién nhat. muc dich
bom trim xi méng 13 bit mot tang chira d khai thac hét, cach ly mot 16p ciia cac vang 1an can nham han
ché ty 1¢ nuéc hoic khi dong hanh trong khai thac dau, bit nude via tham nhap. Uu diém cua giai phéap
nay la d& thyc hién vé mat ky thuat, an toan trong viéc cach ly vinh vién céc tang ngap nuéc khdng con
tiém nang khai thac dau khi. Tuy nhién bién phap d6 cau xi mang s& gap han ché 16n khi thuc té cac tang
ngap nudc nam giira khoang ma via, trong khi céc via bén dudi lai van c6 thé khai thac tot ma thyc té da
gap phai tai bé Ctru Long, dac biét véi cac mo co dic trung via mong xen kep nhu Té Giac Trang, Hai Su
Tring, Tho Tring.

Bién phap d6 cau xi ming da duoc thuc hién tai nhidu mo dang khai thac trong dbi twong tram tich luc
nguyén cua bé Ciru Long nhur Bach HG, Rong, Ruby, tuy nhién do chi phi cua bién phap nay kha Ién nén
da s6 cac giéng déu thuc hién dong thoi nhiéu bién phap sira chira giéng khac nhu ban via lai, xir Iy viing
can day giéng hodc chuyén tang khai thac (dong toan bd ting san pham bén dudi va mé via o tang san
pham phia trén), do d6 hau hét s& khong danh gia dwoc hiéu qua cua ban than giai phap ngan cach nudc.
Trong pham vi cta bai bdo, nhom tac gia tap trung phan tich va danh gia hi¢u qua cua cac giéng khai thac
chi ap dung bién phap ngén cach nudc trong cling mot tang san pham vai giai phap d6 cau xi mang. Tinh
dén thoi diém hién tai, da co 6 giéng chi thuc hién bién phap nay nham muyc dich ngin cach tang chia
nudc, bao gom céc giéng 42, 46, 50 cua mo Bach Ho, giéng 608 ciia mo Rong va giéng RB-2P, RB-8P
ciia moé Ruby. Céc két qua thuc té dwoc thé hién trén bang 1.

Bang 1. Thang ké giéng khoan tién hanh dé cau Xi-mdng

L L Tinh trang giéng khoan
, Dol teong Nam sua A~k p s
Mo khai thac chita Tén Gieng Q truée Qsau  |Luong gia ting

t,m3/d t,m3/d t,m3/d

2011 50 209,0 461,0 252,0

Bach H6 Miocene ha 2012 46 20 35,0 15,0
2012 42 2,2 0,0 -2,2

Mo Rong | Oligocene ha 2012 608 71,0 227,0 156,0
Ruby Miocene ha 2013 RB_2P 97,1 120,7 23,6

j 2013 RB_8P 32,1 55,7 23,6

Nhin chung céc két qua dat dugc cho thiy cac giéng da ap dung bién phap d6 cau xi ming cho hiéu
qua vé viéc giam thiéu muac do ngap nude va ting san luong khai thac dau. Cac két qua tong két va danh
gia chi tiét hiéu qua cua cac giéng da thyuc hién s& duoc trinh bay trong phan sau cia béo cao.

Sir dung céc cdng nghé va thiét bi l1ong giéng cho muc dich ngéan cach cdc tang nadp nwéc: Poi Voi
phuong phap nay, cic cong nghé va thiét bi hién dai s& duoc sir dung dé cach ly tam thoi hodc vinh vién
cac khoang mé via ngap nuéc trong 1ong giéng. Cac hang cung cip dich vu trén thé gigi ludn cai tién
cdng nghé, vat liéu ché tao thiét bi va cho ra cac bién phép véi tén goi thwong mai khac nhau tuy nhién co
ché chung la sir dung 2 hoac nhiéu cac packer lap dat trong 1ong giéng dé ngan cach hoan toan khoang
MG via cho dong nudc. So Vi do cau xi mang, viée sir dung cac cong nghé va thiét bi hoan thi¢n giéng la
bién phap co hoc tién tién hon va cé nhleu wu diém hon, trong d6 ¢ thé ké dén uu diém Ion nhat Ia
phuong phap nay cho phép ngan cach cac tang Ngap nuwdc nam gita khoang m¢ via. Ngoai ra voi mot sb
cong nghé hién nay céc thiét bi ngin cach (straddle packer) c6 thé thu hdi duge (retrievable), mang dén
kha nang mo lai cic via da dong trong tuong lai.

Tai Viét Nam, bién phap ky thuat nay da dugc ap dung tai mot sb gleng ciia mo Té Giac Tring, 1a mo
co via mong xen kep véi s6 lwong tap via I6n va dong thai ngép nuéce rat phic tap, khong kha thi cho viéc
d6 cau xi ming thong thuong. Céc két qua thyc té ap dung duoc thé hién trén bang 2 duéi day.

Bang 2. Thang ké giéng khoan sir dung cac thiét bj ngdn cach nwéc

Mb DPoi tuong|Nam sira| - Giéng Tinh trang giéng khoan
khai thac| chira WCT truéc % | WTC sau % |Q trude sth/d|Q sau sth/d| Luong gia ting stb
T8 Gie | Miocene 2014 | TGT-H1-2P 80 68 1650 2000 350
Tring _ 2015 | TGT-H1-7P 90 72 1100 2000 900
Oligocene| 2014 | TGT-H1-1P 80 90 1800 1100 -700

Két qua cho thay 2 trong s6 3 giéng khoan ap dung bién phap nay da mang lai hiéu qua véi viéc giam
muc do ngap nude va tang san luong khai théc dau (cac giéng TGT-H1-2P va TGT-H1-7P). Tuy nhién
giéng TGT-H1-1P khong thanh cong do viéc ngan cach cac via trong d6 bao g0m ca CAc tap via con tiém
nang cho dau di gy anh huong dén san lwong khai thac cua giéng.
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2.1.2. C&c gidi phap hoéa hoc

Vé co ché, phuong phap ngan cach nuéc bang hoa hoc ¢6 hai loai chinh can phan biét. Loai dau tién la
sir dung héa phdm ngan cach hoan toan khbi dong chay trong khu vyc trong khoang duge bom ép. Loai
thir hai ngan cach nudc bang phuong phap hoa hoc 1a thay dbi tinh tham twong ddi (RPM). RPM la nhiing
hoa pham trong d6 1am giam tinh tham ciia nuwéc nhiéu hon so vai cac hydrocarbon trong giéng khai théc.
Thong thuong RPM Ila polyme hinh thanh va hap phu trén bé mat dat da via cho phép dong chay cua dau,
nhung that dong chay cua nude. Uu diém cua viéc su dung hoa pham la ching lan toa, xam nhap sau hon
trong via, do d6 dugc sir dung tai viing can day giéng khai thac héa pham ngan cach hoan toan va RPM
sir dung hién nay 1a cac héa pham wa nuéc. Chang phan tan hoan toan trong dung dich nuéc. Tuy thudc
vao vi tri va muc dich khac nhau c6 thé sir dung theo hai cach khac nhau. Cac vi tri nham muc dich ¢ 1ap
ving can xtr Iy va phan con lai ¢6 thé sir dung phuong phap ngan cich nuéc hoan toan. Ngugc lai giam
d6 ngap nudc ving can day giéng co thé sir dung phuong phép thay déi d6 tham tuong ddi cua giéng khai
thac.

Tai bé Ctru Long, ca hai bién phap ngan cach nudc néi trén déu di duoc wng dung thir nghiém, trong
do:

- Tai mé Bach H6, hé gel vo co vai co ché bit nhét hoan toan dé céch ly cac khoang ngap nuéc da

dugc &p dung cho cac giéng BH-98 va BH-12;

- Tai mo Té Giac Trang, hé hoa pham Polymer véi co ché tao 16p mang trén bé mat dat da via dé thay
ddi do tham twong ddi cua céc pha (giam do tham pha nuée, ting do thim tuong dbi cua dau) da duoc
g dung cho giéng TGT-H1-4P.

Tinh dén thoi diém hién tai, cac bién phap ngan cach nuéc bang héa hoc da thuc hién tai bé Cau Long
déu khong thanh cong ma nguyén nhan chu yéu do diéu kién nhiét do ap suat cua via ciing nhu nhiing
phtic tap trong céu trac dia chat va hoan thién giéng. Cac phan tich chi tiét vé& két qua 4p dung cac giai
phép nay s& duoc trinh bay trong phan sau ciia béo céo.

2.2. Pdnh gid tiém néng dp dung hé hoa phdm ngdn cich nwéc cho déi twong tram tich bé Crru Long
2.2.1. Phan logi cdc doi twong dia chat phi hop véi tieng nhom gidi phdp ngéin cach nwéc tai bé Ciu
Long

Thuc té da 4p dung céc giai phap ngin cach nudc tai bé Ciru Long cho thay, cac bién phap ngan cach
nude co hoc cho ty I thanh cong tuong dbi cao khi ap dung tai cd&c mo c6 dong thai ngap nude dong déu
giita cac giéng va céc tap via (nhu Bach H6, Ruby). Chi khi &p dung tai cac mé c6 dic trung via mong
xen kep va tinh trang ngap nuéc kho kiém soat nhu tai mé Té Giac Tréng, giai phap nay mai thé hién mot
s6 diém yéu nhu ngan cach khong c6 Iya chon hay viéc cach ly toan bo tang san pham van con kha ning
cho dau c6 thé anh huong tiéu cuc dén hiéu qua khai thac cua giéng.

Do cac nguyén nhan trén, viéc lya chon di tuong dia chat phd hop cho timg nhom giai phép ngin
cach nudce (co hoc va hda hoc) tai bé Ciru Long s& dugc thuc hién véi cac nguyén tic va tiéu chi nhu sau:

a, V& diéu kién dia chit va dong thai khai thac:

- Cac mo dang khai thac co muc do ngap nudc hién tai cao, téc do ngap nuéc nhanh tuy nhién trir
lwong con lai con nhiéu tiém ning;

- C4c mo dang khai thac nhiéu tap via dong thoi, ton tai cac via chira c6 do ngap nudc cao tuy nhién
van dong gop san lugng dau;

- Cac mo co déc trung via mong xen kep, dong thai ngap nudc phic tap kho kiém soét;

- DBéi véi giéng dang khai thac tai tirng mo, cac giéng s& duoc coi 1a ddi twong nghién ciru 4p dung bién
phap ngén cach nudc khi ham lugng nude khai thac cao hon 50%.

b, Vé thir tyr wu tién cac giai phap

- C4c mo 6 chu truc dia chat va dong thai ngap nude khong phirc tap, mirc d6 ngap nuée dong déu va
tuan tu theo c&c via: uu tién lya chon nhém giai phap co hoc. Trong truong hop cac két qua khao sat
giéng va mat cat dong cho thay dong thai ngap nudc phirc tap hozc cac giéng gap kho khan vé hoan thién
giéng hay thiét b long giéng, dan dén khong kha thi dé ap dung cac giai phap co hoc, s& xem xét 1a dbi
tuong ap dung céc glal phap hoa hoc;

- DPi véi cac mo ¢6 cau tric dia chat phuc tap, dac biét 1a tinh chét via ‘mong xen Kep, ngap nudce dién
ra khong dong déu, viéc ap dung cac giai phap co hoc thong thuong co thé khéng mang lai higu qua, giai
phap xu 1y ngén cach nudc bang héa phim s€ dugc uu tién.

Dua trén két qua téng hop sb lugng cac giéng ngap nudc dang khai thac tai di twong tram tich bé Cuu
Long, c6 thé thay hién nay ty I¢ cac gleng c6 ham lugng nudce khai thac cao hon 50% kha 16n, dac biét tai
céc mo nhu Té Giac Trang, Hai Sir Trang, Su Tir Pen, Rang Pong gan nhu toan bo s6 lwong giéng khai
théc deu da ngap nude. Do do viéc danh gia va lya chon giai phdp ngan cach nuéc phi hep la mot yéu
cau cap béch.
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Bang 3. Trang thdi khai thac doi rong Miocene c&c mé bé Ciru Long

, o Qily giéng khai thac AS(‘) gif‘:ng T4 16 giéna naa
Tha Ty Tenmo Khaithac | Bomép | MURIHOC” i tréh 50%. 06,
1 Té Giac Trang 24 1 21 88
2 Bach Ho 77 14 45 58
3 RoNg 28 10 10 36
4 Rang Pong 29 9 15 52
5 Su tir Den SW 14 3 14 100
6 Ruby 27 0 9 33
7 Pearl 5 0 0 0
8 Topaz 4 0 2 50
9 Hai Su Trang 4 0 4 100
10 Tho Trang 4 1 2 50
Bdng 4. Trang thdi khai thdac doi twong Oligocene cac mé bé Citu Long
. o iiy giéng khai thac | S6 giéng ngap nudc [Ty 18 giéng ngap nude
Tha Ty Ténmo i T Bom ol a0 Y o 50% 0%
1 Té Giac Tring 24 1 21 88
2 Bach H6 35 4 11 31
3 Rdng 1 0 0 0
4 Rang Pong 1 0 1 100
5 Su tir Pen SW 4 0 4 100
6 Su tir Vang NE 1 0 0 0
7 Ruby 1 0 0 0
8 Hai Su Tring 4 0 4 100
9 Tho Trang 21 5 6 28

Trén co sé CAC nguyén tic va tiéu chi lva chon dbi twong ap dung phu hop cho tiing nhdm giai phéap
ngin cach nudc da dat ra, nhom tac gia dé xuat &p dung céc giai phap cho timng ddi twong nhur sau:

a, Tang chira Miocene:

Day 1a ting khai thac chinh trong cac ddi twong tram tich cét két cua bé Ciru Long. Tinh dén thoi diém
hién tai, nhiéu mo da khai thac trong thoi gian dai, via chira gan can kiét. Dong thai khai thac va ngap
nudc cho thiy 2 xu thé twong dbi rd rang:

- C4c mo ¢6 ciu triic dia chit khong qua phuc tap: duoc thé hién bai s6 lwong tap via it, chidu day via
I6n, dong thai ngap nudc dong déu va tuan tu theo cac tap via. C6 thé ké dén cac mo nhu Bach HS, Rang
Pong, Ruby, Su Tu Den;

- Cac mo cd dac trung via mong xen kep, dong thai ngép nudc phuc tap, cong tac hoan thién gleng gay
khé khan cho viéc &p dung cac giai phap co hoc: bao gom cac mo Té Giac Trang, Hai Su Tréng, Tho
Tréng. D6i v6i nhdm moé nay, viéc str dung bién phép truyén thong nhu dat cau xi ming gan nhu khong
kha thi, do d6 cac bién phéap khac can duoc tinh dén, giai phap ngin cach nudc bang héa hoc dugc nhém
tac gia uu tién dé xuit do cac wu diém cua giai phap nay so véi bién phap co hoc thong thuong.

b, Tang chira Oligocene:

Déi vai tang chira Oligocene, nhiét do via chira cao hon kha nhiéu so véi Miocene, thay doi trong
khoang tir 110 — 140 °C. Trong (tng dung cac bién phap héa hoc ndi chung cling nhu héa hoc cho ngan
cach nuéc, nhiét do via 1a yéu té dau tién va quan trong nhit anh huong dén kha nang va hiéu qua ap
dung. Thuc té cac wng dung héa hoc da thuc hién tai bé Ciru Long déu khong thanh cong ma nguyén nhan
chinh 1a do nhiét d6 via cao hon so v6i ngudng nhiét d6 tdi wu cua hé héa pham. Trén co sé danh gia
cdng nghé héa hoc hién nay, nhom tac gia nhan dinh viéc p dung nhdm giai phap héa hoc cho dbi tuong
Oligocene cua cac mo tai bé Ctru Long con nhiéu rui ro do nhiét do via cao, do d6 véi ddi tugng nay cac
bién phap ngin cach nudc co hoc Ia bién phap kha thi nhat hién nay.

2.2.1. Pdnh gi& kha nang dp dung cdc phwong phap héa hoc ngan cach nuwée cho cdac doi twong phu hop

Cac ddi tuong tram tich uu tién Iya chon giai phap héa hoc cho muc dich ngan cach nudc Ia céc tang
chira c6 dic trung via mong xen kep vaéi dong thai ngap nuéc phic tap, khd kiém soéat va kho kha thi
trong viéc &p dung giai phap ngin cach nude co hoc thong thuong. Cac dbi tugng tiém ning c6 thé xem
xét (g dung nhém giai phap hoa hoc bao gom tang chira Miocen ciia cac mo: Té Giac Tring, Hai Su
Tréng, Tho Tréng va cac mo s& khai thac sau nay co diéu kién tuong tw (nhu mé C4 Tam).
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Tuy nhién, thuc té viéc c6 thé ap dung céc giai phap hoa hoc tai cac dbi twong ndy con phu thudc vao
tinh chat d4 chura, chit Iuu ciing nhu cac diéu kién hién tai cua via nhu ap sudt, nhiét do via, mic d6 ngap
nudc trong via.

So bo trén co s danh gia cac két qua nghién ctu tng dung da thyc hién trén thé gioi, viéc &p dung céac
giai phép hoa hoc ¢ dinh huéng ngin cach nudc cho ddi tugng tram tich tai bé Ciru Long can tinh dén
cac yéu té sau:

- Nhiét @6 via: 1a yéu t6 tién quyét khi danh gia kha ning ap dung céc bién phap hoa hoc. Bdi véi cac
hé hoa pham c6 dinh hudng ngin cach nudc, cdng nghé hda hoc hién nay da co thé ché tao cac hé hoa
pham chiu duoc nhiét do dén 110°C, tuy nhién nhiét dé via cang thap s& cang thuan lgi cho viéc bom ép
cac hé hoa pham;

- Ham lugng khoang hoa trong nudc via: mac du hién nay di c6 nhiéu loai phu gia khac nhau dé dé
han ché twong tac giira céc ion khoang héa trong nuc via voi hé hda pham sir dung, tuy nhién thyc té cac
mo ¢6 ham lugng khoang hoa trong nudc via cang thip sé cang c6 kha nang mang lai hi¢u qua cao hon;

- Tinh chét tham chaa: cac moé co tinh chat thim chwa tét, d6 rong cao sé thuan lgi hon trong viéc bom
ép cac hop chat cao phan tir noi chung ciing nhu cac hé héa pham phuc vu ngin cach nudc néi riéng;

- Ham luong sét trong da chua: 1a yéu té quyét dinh mic d6 tuong tac va hap phu cac chat héa hoc
trong da chtra, gay anh huong dén d6 bén va hoat tinh cia hé hda pham. Ciing nhu ham lwong khoéng héa
trong nudc via, mac di hién nay c6 nhiéu loai phu gia khac nhau dé ¢ ché kha nang hap phu cua hoa
pham vao d4 chira, tuy nhién cac mo cé da chira ham lugng sét thip s& thuan loi hon trong viéc g dung
cac giai phap hda hoc.

Céc két qua tong hop tinh chit da chira, chét luu ciing nhu hién trang khai thac cho déi twong Miocen
clia c&c mo tai bé Curu Long cho thay vé diéu kién hién tai, cac mo déu c6 thé xem xét &p dung céc bién
phép hoa hoc dinh hudng ngin cach nudc. Nhiét do via chira thay d6i trong khoang 78 — 110 °C, tinh chat
thim chira tir trung binh dén t6t. ham luong sét khéng cao (4 — 20%) va ham luong khoang héa trong
nudc via thay doi tir 24000 — 33000 ppm.

Trén co so danh gia tong hop tat ca cac yéu td, cac mo nén duoc xem xét ap dung nhom giai phap héa
hoc cho muyc dich ngin cach nuéc bao gom: Té Giac Trang, Hai Su Trang, Tho Tring va cac mo c6 diéu
kién twong tu s& khai thac trong twong lai (nhu mé Ca Tam).

Véi cac mo ndi trén, nhdm tac gia ciing da tién hanh danh gia, lua chon céc giéng cu thé c6 thé xem
Xét ap dung giai phap ngan cach nudc hoa hoc. Viéc lya chon duoc lya chon trén co s& phan tich tat ca
cac tai liéu gleng khoan, dong théi khai théc, két qua khao sat PLT va lra chon trén nguyén tic sau:

- Céc gleng cé mirc d6 ngap nuGce cao hon 50%;

- Céc gleng c6 ting ngap nudc nam giita hoic trén cua khoang mo vig;

- Céc giéng c6 mirc d6 ngap nudc cao tuy nhién cac via ngap nuéc van con kha nang khai thac dau, do
d6 viéc cach ly toan bo tang ngap nudce cd thé anh huong dén san lwong khai thac dau.

Két qua lua chon cac giéng 1a ddi tuong ap dung bién phap ngin cach nudc hda hoc cho cac mo Té
Gi4c Trang, Hai Su Trang, Tho Trang duoc thé hién trén cac bang dudi day.

Bang 5. Lwa chon giéng dé tién hanh ngdn cach meéc doi tirong Miocene mé Hdi Sw Trang va Tho

Trang
Mo Giéng tién hanh WSO
Té Giac Tréng 18PST1, H1-15P, H1-8P, H1-7P, H1-5P, H1-4P, H1-3P, H1-2P, H4-9P
Hai Su Tra‘ing HST-2P, HST-3P, HST-4P
Tho Tre‘ing ThT-20P, ThT-12H, ThT-5X, ThT-6X.R1

Két qua lya chon cho thay tiém ning 4p dung cac bién phap ngan cach nudc bang héa hoc cho cac mo
trén 1a kha lon véi 12/22 giéng ciia mo Té Giac Trang, 3/5 giéng cia mo Hai Su Trang va 4/5 giéng cua
mo Tho Trang.

3. Két qua va thao luan

Céc via chira cét két tai bé Cuu Long c6 tinh chat d4 chira tir trung binh dén tét. Mot sé mo ¢6 dic
trung via mong xen kep nhu Té Gic Trang, Hai Su Tring, Tho Tring. Hau hét cc mo déu c6 ho tro cua
tang nudc day/ria, trong d6 manh nhét 13 mé Su Tir Pen, Té Giae Trang

Sb lugng tap via nhleu tinh chét via tt va hoan thién giéng 1 cot 6ng khai thac ddng thoi nhiéu tap via
nén khé kiém soét va téi wu khai thac gitra céc ting d& gay ngap nude, dic biét véi cac mé co dic trung
via xen kep. Téc do suy giam san luong dau, d6 ngap nuéc cao & mé Té Giac Tring, Hai Su Trang, Tho
Tréng do mai dua vao khai thac.

Céc bién phap ngin cach nudc co hoc di duoc thyc hién tai mot s6 mo: Bach HS, Rong, Ruby, Té
Giac Trang. V& co ban cac bién phap co hoc ¢6 ty 1¢ thanh cong cao khi 4p dung cho cac doi tuong dia
chat khong qué phirc tap, mic do ngap nude dong déu. Do voi cac mo co dic trung via xen kep va dong
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thai ngap nudc phirc tap nhu Té Giac Trang, Hai Su Tring, Tho Trang, cAc bién phép co hoc hoic khong
kha thi hozc con tiém an rui ro vé hiéu qua thuc té.

Phuong phap ngin cach nudc hda hoc da duoc ap dung thir nghiém cho mot sé giéng khai thac tai tang
Miocene mo Bach Ho va Té Giac Trang, tuy nhién déu khéng thanh cong, nguyén nhan chu yéu do: via
mong voi mirc do bat dong nhat cao; nhiét do via cao; chwa c6 cac nghién ctru, danh gia chi tiét vé dac
trung via chira, diéu kién khai thac, co ché va mirc ¢ phu hop cua hé hda pham cho cac mo tai Viét Nam
trudc khi ap dung thar nghiém.

4. Két luan

Trén co so danh gia diac diém dia cht, hién trang khai théc va hiéu qua cac giai phap ngan cach nudc
da thyc hién, dé xuat cac d6i tuong uru tién phu hop véi giai phap ngan cach nuée bang hda hoc bao gom
tang chira Miocen cua cac mo: Té Giac Tréng, Hai Su Trang, Tho Tring va cac moé cé diéu kién tuong ty
s€ khai thac trong tuong lai.
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ABSTRACT

Research and assess on applicability of water-shut off treatments by

chemical solutions for clastic formation of Cuu Long Basin
Hoang Linh?, Pham Truong Giang?, Hoang Long?, L& The Hung?, Dinh Puc Huy?, Tran Xuan Quy?,
Pham Chi Puc?, Pham Van Tu?, Vuong Viet Nga!, Luu Dinh Tung?, Tran Dang Tu?!
Le Quang Duyen?
1Vietnam Petroleum Institute
2Ha Noi University of Mining and Geology
In the current production period, almost VietNam’s oil field apply secondary recovery method, typical
method is water injection to maintain reservoir pressure, improve efficient sweep, enhanced oil recovery.
However, this method is also the main reason of early water breakthrough in productors. With the
geological characteristic of many sandstone sediments in Viet Nam is the reservoir layer consisting of
many thin stack sand with an average thickness of only a few meters to several tens meters, water
breakthrough phenomenon from in-situ water movement and the effect of water injection is complicated,
difficult to monitor and control, affecting the productivity of the well. In fact, the solution of mechanical
water-shutoff treatment has proved not to be an optimal solution for complex formations, so the research
on design using chemicals in accordance with reservoir conditions, technology system and procdution
facility, providing optimum water-shutoff efficient is an urgent task.
The paper presents the first phase including the synthesis and evaluation of effectiveness of water-
shutoff treatment used to studied or applied in VietNam, drawing lessons learned, thereby estimating the
potential applying chemical solutions for clastic formation in Cuu Long Basin.
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Applying Welllife slurry for cementing HPHT wells at Y field,

Nam Con Son basin
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ABSTRACT

In upcoming years, there are some new development projects executed in this area for gas production
therefore the fact that an application, solution for HPHT cementing which successfully proven by the
wells drilled in same basin at the same temperature and pressure in this field is a great experience and will
highly contribute to the success of upcoming projects operating in this area.

Research suitable applications used to successfully cement conventional and HPHT wells such as
types of cements, components of cement and effect of temperature to cement’s density, mechanical
properties as well as how to modify the set-cement sheath’s mechanical properties with the goal of
making it less brittle, more resilient and more elastic than conventional cement primarily by lowering the
Young’s Modulus (YM) and raising the Poisson Ratio (PR).

Contribute to methodology to consider applying WellLife slurry for HPHT fields and wells
specifically applying this method to upcoming HPHT wells at Nam Con Son Basin in Vietnam. The
proven result of applying WellLife slurry brought a great confidence of pumping cement in HPHT wells
in Nam Con Basin which helps to enhance the life of the wells and reduces failure/ incident as well as non
production time caused by cement in this basin.

Key words: HPHT wells; cementing; WellLife

1. Introduction

Research about cement and some other components, analyse challenges, solutions of cementing
HPHT wells. From that to find a different and successful method of cementing for HPHT wells applied
best in Y field of Nam Con Basin which is WellLife slurry with its design and how it’s applied to Y field
and what is its result. [1]

Referencing the above research, further experimental test result was done by our colleague in
Halliburton lab in Pune (India) to pursue as part of this thesis a bit deeper on how WellLife can contribute
to the elastomic property of cement by modifying Poisson’s Ratio and Young’s Modulus which is tested
and applied to HPHT wells at Y field of Nam Con Son Basin. [2]

Research in more detail Poisson’s Ratio and Young’s Modulus modification. Find out what is
Young’s Modulus and Poisson’s Ratio and how to modify it to fit with well condition by using WellLife
additive. Find out what is WellLife additive and WellLife process or design model.

Because many parameters affect the YM and PR of cement, analyze general trend of modification of
PR and YM with WellLife then come up with WellLlife design.

Applying WellLife Slurry for cementing HPHT wells at Y field, study the process from well
information, well schematic with all strings to Pore Pressure and Fracture Gradient windows to see the
challenges and come up with solution applied for cement design for the last section, also the highest
temperature and pressure section of the well. Come up with components for blending. Get assistance from
WellLife software and lab test to evaluate how WellLife slurry modify YM & PR & trend of modifying
YM & PR with elastomer and recommended %bwoc.

Evaluate cement quality of the above slurry applied for the well by reviewing result of Cementing
Bond Log and VDL and analyzing it.

2. HPHT WellLife Cement System Design Process

The WellLife concept is a synergistic approach to cementing a well based on the mechanical
properties of the cement sheath and how the cement interacts with the surrounding environment. The

*Tac gia lién h¢
Email: namth@pvn.vn
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WellLife approach integrates a Finite Element Analysis model to determine if a cement with given
mechanical properties will survive the stress and strain state associated with the operations of the well.
Using WellL.ife software system as an interface used to quantitatively evaluate the cement sheath integrity
for a given location in a well when the anticipated operations are applied. This includes operation such as
drilling, pressure testing, completion, production, stimulation and abandonment. This results in a time
dependent analysis of whether cement sheath survives. Parallel with WellLife® software, iCem®
software will also be used to design the cement job using actual data.

2.1. Poisson Ration and Young’s Modulus modification

What is Young’s Modulus and Poisson’s Ratio and how to modify it?

Young’s Modulus is also called modulus of elasticity or stiffness and is a measure of how much
strain occurs due to a given stress. Because strain is dimensionless, Young’s Modulus has the units of
stress or pressure.

Young’s Modulus = stress/strain

Young’s Modulus, Poisson’s Ratio, and bulk modulus of hardened cement under controlled different
relative humidity were measured by ultrasonic method as well as direct tensile loading test. It was
experimentally confirmed that Young’s Modulus, Poisson’s Ratio, and bulk modulus of hardened cement
paste decreased as decrease in equilibrium relative humidity especially in the range above 40%RH. And
in the range below 40%RH, experimental results of direct tensile loading test showed the decrease in
Young’s Modulus and Poisson’s Ratio while the experimental results of ultrasonic test showed slight
increase of Young’s Modulus and almost constant behavior of Poisson’s Ratio. For the decrease of
Young’s Modulus and Poisson’s Ratio can be explained by the reduction of load-bearing water in the
hardened cement paste due to drying, and slight increase under 40%RH by ultrasonic test can be
explained by the increase of Si-O network of C-S-H due to drying.

WellLife® additive is an elastomeric material designed to help improve the elasticity of the set
cement sheath. It modifies the mechanical properties of the set cement, primarily by lowering the
Young’s Modulus and raising the Poisson’s Ratio.

WellLife additives are generally used in conjunction with the WellLife® service.

The WellLife® service is a process for improving the safety and the economics of oil and gas wells
by applying these technologies.

The WellLife® model is the result of a joint collaboration between Halliburton, Shell, and TNO
(Building and Construction Research, The Netherlands). The model has been validated through
experimental studies and field tests. The WellLife® model is backed by development and testing of
cement slurries to meet the properties required for long-term zonal isolation. Testing of cement specimens
in a tri-axial cell under confining pressure is a part of the WellLife service. Material properties, such as
Young’s Modulus, Poisson’s Ratio, friction angle, and cohesion of the cement sheath, are obtained from
this test. Placement of the engineered cement slurry is designed using OptiCem™ and WellCat™
engineering software programs. The material properties of different cement formulations are compiled in
a database and are an integral part of the program. [4]

How WellLife slurries modify Young’s Modulus and Poisson’s Ratio?

Because many parameters affect the Young’s Modulus and Poisson’s Ration of cement samples,
some of the parameters include water ratio, solid ratio, time of cure, temperature of cure, pressure,
density, and modulus of other materials in the sample. A general trend is given in Figure 1 & 2.
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Figure 1. General trend for modification of

Figure 2. General trend for modification of
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Figure 3. General trend for modification of Young’s Modulus with elastomers

As you can see figure 3, the higher concentration of 987, the lower the YM. Typical oil well cements
can have a Young’s Modulus of 2,000,000 psi. WellLife® service slurries containing 16 to 24%
elastomer bwoc can have a Young’s Modulus close to 1,300,000 psi, and slurries containing 40% bwoc
elastomers can have a Young’s Modulus close to 600,000 psi.

Table 1. Comparison of Compressive Strength, Young’s Modulus and Poisson’s Ratio
between WellLife 665 Additive and FDP-987-10 Material

Sample %bwoc | Compressive Strength, psi | Young’s Modulus | Poisson’s Ratio
WellLife 665 additive 7.5 5,342 1.76E+06 0.185
WellLife 665 additive® 15 2,270 1.76E+06 0.191
FDP-C987-10 material 15 4,338 1.46E+06 0.185
FDP-C987-10 material 30 2,839 1.18E+06 0.186

216.4 lbm/gal Class H cement base slurry with 0.2% Econolite™ additive
®More water added to make a 15.6 lbm/gal because of mixing issuses at 16.4 lbm/gal
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Figure 4. General trend for modification of Poisson’s Ratio with elastomers
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As with Young’s Modulus, a direct correlation with respect to the amount of FDP-C987-10 material
is difficult to establish. Some of the parameters include water ratio, solid ratio, time of cure, temperature
of cure, pressure, density, and modulus of other materials in the sample. A general trend is given in
Figure 4.

Typical oil well cements can have a Poisson’s Ratio of 0.1. WellLife service slurries containing 16 to
24% elastomer bwoc can have a Poisson’s Ratio close to 0.14, and slurries containing 40% bwoc
elastomers can have a Poisson’s Ratio close to 0.20.

The bottom line is we want the higher amount of WellLife 987 in our slurries because it offers better
mechanical properties (YM, Poisson’s Ratio, etc.). However, it tends to be limited by the ability of being
able to mix cement in the field and economics (how much the overall slurry costs). Therefore, the general
rule of thumb is 30% bwoc. In practice, we might aim for something in between, say 15% bwoc. Test it
and see how it mixes in the lab. If the slurry is thin and easily mixable, we can go to 20% bwoc and repeat
the process. [5]

2.1. WellLife Slurry Design

The WellLife® concept is a synergistic approach to cementing a well based on the mechanical
properties of the cement sheath and how the cement interacts with the surrounding environment. The
WellLife approach integrates a Finite Element Analysis (FEA) model to determine if a cement with given
mechanical properties will survive the stress and strain state associated with the operations of the well.
The software was originally developed by Halliburton in collaboration with Shell and was the subject
of an industry paper presented in 1999.1 The software consists primarily of a general user interface
(gui) which runs off the ‘DIANA’ software package.2 The simplest manner in which to describe the
WellLife® software is that it is an interface used to quantitatively evaluate the cement sheath integrity for
a given location in a well when the anticipated operations are applied. This includes operations such as
drilling, pressure testing, completion, production, stimulation and abandonment.  This results in a time
dependent analysis of whether cement sheath survives.

WellLife are additives used to modify the set-cement sheath’s mechanical properties with the goal of
making it less brittle, more resilient and more elastic than conventional cement primarily by lowering the
Young’s Modulus and raising the Poisson’s Ratio. Increasing the elasticity and resilience of the set
cement sheath with the use of an additive in the WellLife additives helps eliminate or at least minimize
damage caused by stresses induced during well activities. Depends of well formation and well
temperature, different WellLife products and quantity are used to meet the slurry requirement based on
the lab test.

3. Applying WellLife slurry for cementing HPHT wells at Y field
Well information and requirement of designing cement for 5 7:” casing in HPHT well of Y field.

Drilling and cementing for wells in this Y field have always been very challenging because of deep
and high temperature, high pressure offshore wells along with very tight window between pore pressure
and fracture gradient window and multiple reservoirs target. The wells average more than 4500mMD and
4000mTVD. Figure 5 shows one actual well schematic contains 8 strings with 11 %2 expandable liner
contingency had been used in Y field. The general well structure including 30” conductor casing, 22”
surface casing, 18” intermediate liner, 16” contingency intermediate liner, 13 5/8” intermediate casing, 11
%" contingency expandable liner, 10” production liner, 10” x 10 34" production tieback, 7 5/8”
contingency liner and 5 %2 production liner. [3]

One of the main challenges leading to the requirement of multiple strings of casing, liner and tieback
to reach to target reservoirs is very narrow operational Pore Pressure — Fracture Gradient window. Figure
6 shows very narrow window PP-FG 0.8ppg for a well in Y field. The operator had to apply Manage
Pressure Drilling (MPD) to help maintain Constant Bottom Hole Pressure in order to drill a long open
hole ~ 906 meters in the narrow window with minimum near-balanced static mud weight possible
applying surface back pressure using MPD choke manifold and 3™ assigned rig pump.
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Figure 5: Well schematic contains 8 strings to Figure 6: Pore Pressure - Fracture Gradient
reach to multiple reservoirs contains very narrow window 0.8ppg.

Solutions applied in cement design for 5-1/2 casing of well in Y field [2],[3]

The key element to design and execution of cementing the casing strings successfully in Y field, one
of the most challenging HPHT environments in Nam Con Son Basin is special single blend for various
HPHT elastic cement densities.

One of the challenges was to design a single dry blend that could be done in onshore bulk plant
which would be suitable for a 16.5ppg to 18.5ppg slurry. Not only this would simplify operations, but it
would also reduce the risk, the overall cost to the operator by eliminating the need for excess chemicals
(backup) and boat trip to refill for next cement job.

The design of complex slurries requires a careful combination of chosen additives that will positively
interact with each other at the full temperature range the slurry is exposed to. The slurry must be mixable
at surface, while being stable downhole, having the correct properties while it is a liquid, and having the
correct properties once it sets up hard.

As more particles of different shapes and sizes are added to slurry this design becomes more difficult
to manage. Due to the need for long-term isolation, the cement matrix requires WellLife® additives to
modify the set-cement sheath’s mechanical properties with the goal of making it less brittle, more
resilient, and more elastic than conventional cement so it can withstand stresses created by well
operational pressures and temperature differentials.

The special WellLife® blend contains high concentration of particles approximately 15 times larger
than that of cement to enhance flexibility, fiber 100 times longer than cement diameter to enhance tensile
strength, silicate particles 10 times larger than cement to avoid strength retrogression at high temperature,
and finally platelet or spherical particles to increase the density of the slurry. This mixture of different
particles shapes and sizes is what affects the slurry mixability at surface, rheology and Equivalent
Circulating Density (ECD) downhole, and the amount of water needed to successfully hydrate the slurry
downhole while maintaining surface mix ability for a desired density.

In the effort to create a single blend suitable for a 16.5ppg to 18.5ppg slurry the water ratio is the
critical variable that is adjusted to maintain the density while hold the weighting agent, elasticity and
tensile strength variables constant while being able to achieve mix ability at surface which achieves
requirements downhole.

The special elastic blend including:

Class G cement
Silica floor: prevents strength retrogression at high temperature

61



Special weighting agents: helps increase slurry density, improve bulk transfer and be more stable
downhole with lower Ends.

High temperature expansion additive: helps reduce the risk of micro-annulus

Heavyweight Elastomeric cement additive: helps increase cement sheath’s ability to resist cumulative
stress and cyclic loading by lowering the Young’s Modulus and raising Poisson’s Ratio.

Tensile strength enhancer: helps increase the tensile strength of the set cement without significantly
decreasing the compressive strength.

Figure 7 and 8 show the different between Conventional cement and elastic cement.
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Figure 7. Conventional cement sheath with Figure 8. Elastic cement resiliently withstands load
catastrophic failure

WellLife® Stress Analysis: models the integrity of cement sheath and the risk of its failure as it is
subjected to different well operations through life of the well. This model helps determine if cement can
withstand multiple stresses from pressure test, temperature cycling, fracturing, production and modes of
cement failure: radial cracking, deformation or deboning through life of the well. The results from
WellLife® Stress Analysis help to tune the slurry design by lowering Young’s Modulus, increasing
Tensile strength, Figure 3.17 shows the different cement bonded remaining capacity with actual
operational load conditions: pressure test casing, temperature cycling and production in 15years for a
HPHT well between conventional cement (average remaining capacity is ~35%) and advanced elastic
cement (average remaining capacity is ~70%).
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Figure 9. Remaining capacity between conventional and WellLife cement

Evaluation result of WellLife cement quality for HPHT of well in Y field

Cement quality includes different factors in which cement slurry play the most important role to
provide mechanical support for the casing and an isolation seal between the casing and the formation and
stable for the production time without leaking. After finishing cementing the casing, cement bond
evaluation accurately evaluates the integrity of the cement sheath surrounding the casing to determine the
quality of hydraulic zone isolation and can be deployed in both memory and conventional acquisition
modes to provide reliable bond logs in a variety of casing sizes, which shows:

Displacement quality to show filled-up level of cement slurry in the annulus

Connection of cement slurry and casing and wellbore

We mainly evaluate the cementing quality of production casing and the casing at high temperature
high pressure section of a well and we normally run Cement Bond Log (CBL) and Variable Density Log
(VDL). The CBL and VDL result clearly show in each 100m of the well along vertical depth cement
quality and connection with the casing how many meters has good cement, how many meter only has
partial cement and how many meter without cement. The quality can be calculated as percentage.
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Figure 10. Examples of TT and Amplitude data

The amplitude should be checked for consistency against the reference amplitude for the pipe size,
and against the VDL and Ultra-Sonic log responses if available. The amplitude example shown on the
right in Figure 10 reads just over 50mV at the top and might be interpreted as free pipe, and calibrated
accordingly, as this is 7” liner with free pipe amplitude of 62mV. However, in this case that would be
wrong as this is not free pipe. There was a tail of 15ppg and lead of 8.5ppg, with the transition
apparent in the amplitude about 1200. In the 8.5ppg lead the amplitude of 30-40mV is well bonded.
Above 400 there is 9-5/8” casing behind the liner giving lower amplitude still.

If the amplitude was truly reading free pipe then the VDL would show strong casing arrivals, “tram
lines”, with no formation arrivals. If formation arrivals are obvious and the amplitude reads free pipe
then the tool has been ,,over-calibrated® and is pessimistic, i.e. it has been calibrated to read free pipe
in pipe that is not free.

The maximum amplitude should also be checked throughout the entire log as it should never read
greater than free pipe. If the amplitude reads greater than free pipe the tool has been over-calibrated.

Where the amplitude is low the casing arrivals show be very weak or absent and formation
arrivals should be much stronger. However, depending on the rock the formation arrivals may be very
weak or absent as well as this depends on the acoustic properties of the formation. Comparison with an
open hole full waveform sonic log can identify which zones have weak formation arrivals due to the
rock properties so that this is not misinterpreted as poor cement bond.

Conclusions

From the acknowledge challenges of cementing HPHT wells, research the components of WellLife
cement from that proposing of applying WellLife slurry to the HPHT well at Y field and follow up with
evaluation by cementing bond log.

In the Y field heavyweight WellLife® cement designs are common for all primary cementing jobs
throughout the production casing, liner (special blend with fixed % of each component bwoc). The
designs are adjusted by only a few liquid chemicals and water to fit to a specific wellbore condition. This
experimental work highlights the use of an advanced single WellLife® cement blend that can be tuned
specifically from 16.5ppg to 18.5ppg in HPHT slurry for both casing sizes and engineered development
solutions for long-term zone isolation, which have proven over the past 8 years.

The single appropriate WellLife cement blend not only simplifies operations and logistics, but it also
reduces the risk, the overall cost to the operator by eliminating the need for excess chemicals (backup)
and boat trip to refill for next cement job.

The above Figure 10 shows CBL & VDL of 5 %" section of one of the well in Y field after cemented
with WellLife Slurry. Some area without cement can be visual catch from the log.
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In the good bond area, the amplitude line is low from VDL line shown that cement filled in the
annulus has hardened. The result from this log’s show that the quality of cement connection in production
liner section is fairly good (90-100%). However, to evaluate cement of production liner in long
production period including evaluation of mechanical connection of cement in long time, we have to redo
the CBL and VDL in order to have solution in case finding of any problem.
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TOM TAT

Trong nhitng nim gin ddy, san luong khai thac dau khi tai Viét Nam dang c6 xu huéng suy giam, du
bao khai thac cac mo dau hién nay cho thiy san lugng da di vao giai doan suy giam nhanh, dén sau nim
2024 chi con 10 triéu tin/nam dén ndm 2035 13 dudi 2 triéu tan/nim. Do d6, viéc ap dung céc bién phap
gia tang san luong (IOR) va cac giai phap nang cao hé s6 thu hoi dau (EOR) trén cac mo dang khai thac
la van dé cap bach hién nay khong chi ¢ Viét Nam ma con trén ca thé gidi. Trong cac phwong phap da ap
dung tai Viét Nam, phuong phap bom ép khi nude luan phién da thir nghiém (pilot) thanh céng tai mo
Rang Dong va htra hen s& &p dung rong rai trén toan mo. Trén co s¢ danh gia didu kién via va hién trang
khai thac cac dbi twong tai mo Su T Pen, bé Ctru Long, tAc gia nhan thiy cac diéu kién twong dong tir
dbi twong nghién ciru véi mé Rang Dong. Trong pham vi cong viéc, tac gia da di sdu nghién ciru cac co
so |y thuyét cia phuong phap nhu xac dinh kha ning twong tac giita tic nhan bom ép (khi — nudc) véi
ddu via; higu qua gia ting h¢ s6 ddy va quét nham day dau ra khoi kénh réng t6i giéng khai théc. Thong
qua cac thuc nghiém va su dung phuong phip mé phong s6 nham chinh xac hoéa thong s6 dau vao cho mo
hinh md phong dbi twong mo. Két qua phan tich thuc nghi¢m trén mo hinh vat ly via va md hinh mo6
phong sb hoc di khiang dinh hiéu qua gia ting thu hdi ddu cua phuong phap bom ép khi nudc luan phién
(Water Alternating Gas - WAG) cao hon so v&i bom ép nuéc thong thuong lan luot 1a 18% va 5%.

Tirkhéa: hé sb thu hdi, khi nurée luan phién, mé hinh mé phong

1. D3t van dé

Dbi twong Mioxen ha mo Sir Tir Pen Tay Nam dugc khai thac thuong mai bit dau tir nim 2004. Tinh
dén nay san luong khai thac dau cong don da dat 82,5 triéu thung twong ng vai hé s6 thu hdi 33%
(STD/STV FDP, 2016). Két qua phan tich dong thai khai thac va cac danh gia dia chat ban dau cho thay
co ché nang luong chinh caa mé 1a nudce ty nhién xam nhap duoc hd tro boi bom ép nudc. Hién tai, nha
diéu hanh chung Ciru Long JOC dang tién hanh bom ép nudc cho ddi trong Mioxen ha Su Tir Pen Tay
Namvéi 3 giéng bom ép lan luot dugc dwa vao trong cac nam 2011 va 2012. Mot trong s6 d6 da dong do
khéng con hiéu qua trong viéc dy dau toi giéng khai thac. V6i mang ludi giéng khoan nhu hién va hé
thong thiét bi hién c6 tai gian thi viéc khoan thém giéng mai hay tré them nhénh khong kha quan. Nhu
vay, vin dé cp béach hién nay l1a can ddy mang &p dung cac phuong phap nhdm duy tri san luong khai
thac va gia ting hé sb thu hdi dau. Mot sb phuong phéap da duge CLJOC dau tu nghién ciru 4p dung mang
lai két qua kha quan, tuy nhién hiéu qua chi c6 tac dung trong ngén han. Do vay, nham duy tri va gia ting
san lugng khai thac, can nghién ctru va dua ra giai phap &p dung trong dai han.

2. Co s ly thuyét va phuong phap nghién ciru
2.1. Co sé |y thuyét ciia phwong phdp bom ép khi nwéc uan phién nhim gia ting hé sé thu héi dau

Bom ép khi la sir dung khi (HC, CO2, N2 ...) nhu mo6t dung moi dé bom ép vao via nham muc dich
tron 1an hodc gan tron 1an véi chat luu via. Néu hai chat luu d6 tron 1an voi nhau theo bt cir ty phan nao
thanh mot pha duy nhét duoc goi 1a tron I1an hoan toan. Diém &p suit ma tai hozc trén diém do khi tron 1an
v6i dau ¢ bat cur ty 1é nao dwoc goi 1a ap suat tron 1an toi thiéu (MMP). Kha nang tron 1an va higu suat
déy dau khoi kénh rdng phu thudc nhiéu vao chinh 4p suat bom ép va &p suét tron 1n toi thicu. Tai diém
&p suit bom ép bang véi MMP thi &p suat dé bom ép nhé nhit va hiéu suat thu hdi dau cao nhét, chinh vi
vay diém &p suét lam viéc tai MMP la t6i wu. D& dam bao duoc hidu qua lam viéc va téi uu hoa chuong
trinh bom ép thi viéc tién quyet can 1am 12 xéc dinh dugc MMP, do d6, thuong c&c du an sir dung khi nhu

*Tac gia lién h¢
Email: thangtv@pvn.vn
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tc nhan bom ép thi cac chuong trinh thyc nghiém trong phong thi nghiém dic biét quan tam téi gia tri
nay.

Co ché tron 1an giira khi va dau chi yéu theo hai co ché chinh 1a tron 1an tiép xac mét 1an va tron 1an
tiép xac nhiéu lan. Trong co ché tron Ian tiép xac mot lan, khi dugc bom ép sé& tiép xuc vai dau tai didu
kién via va tron 1an hoan toan ngay trong lan tiép xac dau tién. Pay 1a co ché t6i uwu vé mat ly thuyét,
nhung thyc té rat kho xay ra. Trong co ché tron 1an tiép xdc nhiéu lan, khi duoc bom ép vao via khdng
tron 1an ngay véi dau trong via o lan tiép xac dau tién ma tuy thudc vao sy thay doi, nhiét do, &p sut va
thanh phan khi bom ép, thanh phan dau qua nhleu bé mit tiép xuc giira cac pha bén trong via va khi bom
ép s& hoa tron hoan toan vai dau via qua nhiéu cap tiép xdc.

2.2. Danh gid hi¢u qud bom ép khi nuwéc luan phién trong phong thi nghi¢m
2.2.1. Thi nghi¢m tim &p suat trgn lan toi thiéu

Thir nghiém tim gia tri 4p sut tron 1an nho nhit cua khi duoc tién hanh trén thiét bi MISSIBILITY tai
Vién Dau Khi Viét Nam. So d6 cau tao va thiét bi do ap suét tron 13n téi thiéu dugc md ta trén Hinh 1. Tur
két qua thi nghiém, khi &p suat bom ép tang dan thi diém vot khi xay ra cham hon va luong dau thu dugc
& dau ra nhiéu hon, twrong tng véi hé s6 thu hoi dau cao hon. D& dang nhan thiy, cac cap ap suat bom ép
6.000 psi va 7.000 psi c6 su chénh léch vé hé sé thu hdi dau so véi cac cap &p suat bom ép 3.000 psi,
4.000 psi hay 5.000 psi. Theo ly thuyét vé xac dinh &p suét tron 1an c6 su khac biét giita hai ving ap suat,
tai day c6 thé tao ra ving tron 1an hoan toan va ving khong tron 1an cia khi vao dau. Giao diém cua hai
viing &p suét chinh 1a 4p suat tron 1an t6i thiéu (MMP). Tai gia tri MMP xac dinh, hé s6 thu héi dau cao
hon rét nhiéu so véi gia tri 4p suat ving khong tron 1n va khi ting 4p sut bom ép 1én hon nira thi hé sé
thu hdi dau ting khong dang ké. Nhu vay, c6 thé két luan diém MMP 12 gia tri 4p suat bom ép tbi wu. Vi
&p suit bom ép cao hon 4p suat nay khi bom ép sé& tron 13n hoan toan véi dau. Biéu nay c6 thé giai thich
14 tai c4c cap ap suat thap khi van chwa tron 13n véi dau, hiéu qua ddy dau thay di chu yéu la do sy thay
ddi sirc cang bé mat gitra pha khi va pha dau. Stc cang bé mat chuyén dan tir cao dén thap va sé bang 0
khi khi dat didu kién tron 1an vai dau. Tir két qua nay cho thay ap suét trong khoang 5.380 psi la ap suét
tron 1an toi thiéu cua bom ép khi cép binh tach 1 véi chinh dau ciia Su Tir Pen Tay Nam.
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Tuy nhién, gia tri 4p suat MMP tim dugc cao hon gi4 tri 4p suat via hién tai cua via chira, nham ting
tinh ing dung cua nghién ciru, tAc gia dé xut cac giai phap nham giam gi& tri MMP cua khi va dau via.
Nhan thay, viéc sir dung nguon Condesate tir cac mo 1an can (Su Tur Trang) s& mang lai hiéu qua cho viéc
trién khai thir nghiém, tac gia da tién hanh nghién ctu hiéu qua tron 1an cia Condesate vao khi bom ép
v6i dau via. Tang dan luong Condesate trén mot thé tich khi nhat dinh theo ty I¢ xac dinh lan luot 12
10.000, 8.300, 7.100, 6.250, 5.500 (bo khoi khl/thung) trong wng Voi 100 120, 140, 160, 180 thung
Condesate trong 1 triéu bo khéi khi (MMscf). Ap suat tron lan giam Xuong twong ng Véi ty 1¢ luong
Condesate tang thém. Vi 180 thung Condesate thi gia tri MMP cua hén hop giam xuéng bang ap suat
ban dau cua via (2.500 psi), nhu vay, hiéu qua ddy dau cia hdn hop khi s& cao nhat. Trén thuc té, dé ting
hiéu qua bom ép va tiét kiém chi phi, cac nat khi ban dau thuong dwoc lam giau bang LPG hoic
Condesate sau d6 cac nit sau s& bom cac khi ddng hanh véi ham lugng long trong khi thip hon.

—_—

100 thing

2250 2500 2750 1000 1250 1500 31750 VOO0

Ap suat (psi)
Hinh 4. Hiéu qua gia tang thu hoi dau theo thé tich condensate 1am giau trong khi
2.2.2. Thi nghiém bom ép khi nuéc ludn phién theo cdc giai dogn trén mé hinh vdt ly via
Mau 16i sir dung trong chwong trinh mé phong vat ly via dugc lya chon tir ting chira Miocene mé Su
Tt Pen, co tinh chat dai dién cho ddi twong nghién ctru.

Bang 1. Thong ké tinh chat mau 16i

ID | Chiéusau(m) | Dordng, (%) | Do tham khi (Kair, md) Ty trong dat da (GD, g/ml)

39S 1894,97 27,7 2558 2,62
40S 1895,15 27,5 1676 2,61
41S 1895,57 30,4 5537 2,63
42S 1895,62 30,0 5249 2,62

Mau chét Iuu duoc lay tir giéng khai thac tai diéu kién binh tach. Dya trén céc thong s6 do ghi trong
quéa trinh ldy mau tai hién truong mo, 01 mau dau duoc tai tao vé diéu kién via ban dau. Khi s dung
trong thuc nghiém dugc ldy tir cip binh tach thir nhat, nudc bom ép duoc tai tao gidng véi thanh phan
nuée bom ép tai mo. Céc théng sb sir dung cho thir nghiém trén md hinh vat 1y duoc thé hién trong bang
2.

Bang 2. Thang ké tinh chat ddu via &p dung cho thi nghiém trén mé hinh vat ly via

Ap suat trong mau(psi) 1.500

Ap suit nén hdng (psi) 5.500

Nhiét 6 (0C) 84

Chiéu dai mau 16i 22,15 (cm)

Kich c& mot nat khi 0,2 IHCPV (Thé tich dau ban dau).
Ty 1& bom ép WAG 1:1 (1 thé tich khi bom: 1 thé tich nu6c).
Tong lugng khi bom ép 1,2 IHCPV.

Tong sb nat khi 6

Tong s6 nit nudc 6

Téc do bom ép 14 ml/gio.
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Dé danh gia hiéu qua cia phuong phap bom ép WAG, 02 quy trinh bom ép thi nghiém duoc xay dung
va thyc hién trén thiét bi do tham pha cua Vincie Technology thuéc Vién Dau Khi Viét Nam. Quy trinh
thir nhét s& thuc hién bom ép WAG trude khi bom ép nuée va quy trinh thir hai s& thyc hién sau khi bom
ép nude thong thuong. Hai quy trinh s& &p dung cac thong sb ky thuat giéng nhau va co cac budc chuan
bi thi nghiém nhu nhau. Truong hop bom ép WAG trude khi bom ép nudc thong thuong, két qua cho
thiy sau mdi nat khi, hiéu qua day cua nudc tang 1én 13 rét. Luong dau thu hdi tai cac nat khi thir nht va
thir hai chiém ty phan Ién so véi cac nit sau, cang lac véi lugng khi thu dwoc ¢ dau ra ting 1én rat nhanh,
chang to diém vot khi xay ra. Tai diém nay, khi bom ép da dich chuyén vao trong d4 va di chuyén toi dau
ra cua mau hop phan. Nhu vay, ngoai viéc tac dung mot phan véi dau trong cac kénh rdng khi da di
chuyén t6i dau ra caa mau hop phan cudn theo dau va nuée do tinh linh dong cua minh. Nudge thu hdi
trong dong san pham ¢ 2 nat nuée dau la rat nho, do chirc nang chinh cia nuoc lic ndy 1a quét dau, do
tinh va nudc cua da va kha nang tac dung cua khi gip dau di chuyén toi dau ra cua MAau va gilr nudc di
chuyén cham lai. Ty phan cua nuéc tai dau ra tang 1én nhanh chong trong cac nut tiép theo va gan nhu dat
100% khi thé tich nudc quét dat 2 1an thé tich dau ban dau.

Vi thi nghiém bom ép WAG sau bom €ép nuéc vé co ban ciing lam twong tu nhu bom ép WAG truéc
bom €p nuéc. Dicu khac co ban la trude khi bom ép khi nuée luan phién thi bom ép nude duoc tien hanh
cho dén khi bom ép nudc dat 4 thé tich khéng gian rong ciia mau da.
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Hinh 6. Dong thdai bom ép WAG trudc bom ép nuéC  Hinh 7. Dong thdai bom ép WAG sau bom ép nuwdc

Hiéu qua caa bom ép nudce cho hé sé thu hdi dau khoang 55% trén mau 16i. Khi bom ép nuée dat dén 4
1an thé tich dau ban dau thi bom ép WAG dugc thuc hién. Két qua cho thdy bom ép WAG gitp gia ting
thém 25% luong dau. Diém vot khi ciing xay ra sém hon khi bom ép khi, do thé tich dau con lai tuong
dbi it va khi s& dich chuyén nhanh t6i du ra ciia mau. Trong khi d6, ty phan nuéc trong dau ra caa dong
san pham c6 xu huéng giam khi bit ddu bom ép trong 2 nit nuée dau tién va sau do tang 1én dén 98%
trong 2 niit nudc cudi cung. Két qua thu dwoc tir cac thi nghiém cho thay rang hiéu suét thu hoi dau bang
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phuong phap bom ép WAG trude bom €p nu6c co thé dat t6i 80 - 83,2% trong khi d6 bom ¢p nudc chi
dat la 55%. Bom ép WAG tai thoi diém sau bom ép nudc ¢6 thé tan thu thém dugc 18 - 25 %.

2.3. Pdnh gid hi¢u qud bom ép khi nwéc luan phién trén mé hinh mé phéng khai thac

2.3.1. Mb phéng thuc nghiém trén mé hinh 1D

Dé danh gia va m6 phong qua trinh bom ép WAG trong phong thi nghiém, mét mo hinh khéi c6 tinh
chét ddng nhét duoc xay dung véi cac thong sb da chua va chét luu tuong ung trong phong thi nghiém.
M6 hinh md phong WAG dugc thiét lap véi 01 giéng khai thac va 01 giéng bom ép. Thoi diém bit dau
mo phong khai thac theo co ché giam &p tw nhién tir 1/11/2004. M6 hinh ban dau c6 trit lugng tai chd
15.8 MMstb. Sau 08 thang khai thac giéng SD-10P khai thac dugc 773.000 thung, d6 ngap nude 0% va
GOR 12 675 scf/stb. Tai thoi diém 1/7/2005, giéng bom ép SD-161 bit dau di vao hoat dong véi luu luong
5500 thiing/ngay. Sau 03 thang tong thé tich nudc bom ép 1a 487.000 thung. Trong chu trinh ban dau, khi
dugc bom ép véi luu lwong 10 MMscf/d ngay sau khi bom ép nuéc. Két thiic chu trinh bom ép khi-nuée
ban dau, d6 bdo hoa khi bit diu ting dan tai khu vuc gan giéng bom ép va dau dugc ddy dan vé khu viuc
giéng khai thac. Sau 02 chu trinh bom ép WAG khi xuét hién phia trén ndc cua via va tién dan dén giéng
khai thac, trong khi d6 nudc ciing tién dan dén giéng khai thac ¢ phan day cua via san pham. Két thic 09
chu trinh bom ép khi nuéc, khi hoan toan di chuyén ¢ phan trén ciia mo hinh déi nguoc voi nuée di
chuyén phan dudgi caa md hinh. Két qua nay da phan anh dugc co ché cia phuong phap WAG va anh
huong cua sy phan déi ty trong téi thir nghiém. Hé s6 thu hoi gia tang nhd 4p dung bom ép WAG so voi
co ché khai thac tha cap xap xi 15%.

SD-16l

0 HM? TETE ”265

Hinh 8: M6 hinh 1D danh gia hiéu qua thir nghiém WAG trong thoi gian bom day khi

gD-181

SD—I‘ICIP

H I m I ﬂ
0 U.20056 ; 2 Us0T9 265

Hinh 9. M6 hinh 1D ddnh gid hiéu qua thir nghiém WAG trong thoi gian bom ddy bang niréc

2.3.2. M0 phong va ddanh gid phuong phdp bom ép nuéc khi luén phién trén md hinh toan mé

Trén co s6 md hinh md phong dbi tugng da dwoc khép lich sir, tac gia da thuc hién mé phong lai qua
trinh bom ép WAG trén khu vuc mo. Cac théng sé thu thap tai mo cho thay, hién tai ap suat via dat xap xi
2000 psi. Hién tai, mo c6 hai giéng thuc hién bom ép nudc SD-161ST va SD-271 véi luu lwong téng
15.000 thing/ngay. Qua cac danh gia va lya chon ban dau, tac gia lva chon khu vyc giéng 16-I1ST la khu
vuc thir nghiém do c6 cac diéu kién phi hop va kha ning gia tang thu hdi dau cao hon.Theo cac nghién
ctru da thyuc hién & trén, khi ap suit bom ép duéi diém ap sudt MMP thi chi xay ra co ché khi - dau tiép
xuc tirng phan, do d6 s& anh hudng t6i hiéu qua bom ép WAG. Luya chon cac théng sé dau vao phu hop
vé6i dir ligu thuc nghiém, véi thoi gian bom ép mdi nut khi — nuée la 3 thang. S6 lwong cac nat s& duoc
thuc hién cho dén nam 2019. Theo dy bao két qua chay md phong tir nay dén 2025, cac phuong an bom
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ép WAG cho m6 hinh tang Mioxen da chimg té duoc higu qua thu hoi dau cao hon so v6i bom ép nudc,
hé so6 thu hoi dau gia tang trén 5%.

+ WAG chm ky 6 thang
—*  WAG chu ky 2 thang

+ Bom ép nwe

+ Khang bom &

Hinh 10: Két qua mé hinh md phong cac phuong an

bom ép trén m6 hinh 1D Hinh 11 : Két qua du bao trén m6 hinh toan mo

3. Két qua va thao luan

Viéc ap dung bién phap nang cao h¢ s6 thu hdi dau cho d6i twong mioxen mé Su Tir Pen dang duoc
dit ra hét sic cip bach. Trong khi do, cac ket qua danh gid va phén tich dong thai khai thac cho rang
lwong dau tan du sau qué trinh khai thac thir cAp cua than dau con nhiéu.

Két qua thuc nghiém da khing dinh hi¢u qua gia tang thu hdi dau cua phuong phap bom ép WAG. Téac
nhan khi tuong tac véi dau, thay doi tinh chat cua dau trong via, gitip gia ting hi¢u suat day va cai thi¢n
hé s6 quét dau, dong thoi duy tri ndng lwgng cta via, giap nudc dé dang quét dau dén giéng khai thac.

DPé giam anh huong cua hién tuong phén doi ty trong va tang cuong hicu Suat quét cua khi, khi va
nudc sé lan luot duoc bom ép tir trén Xuong ddi véi via déc. Doi véi cac via nam ngang va day, téc do
bom ép s& lam giam anh hudong dang ké hién twong phan déi ty trong, do d6 1am ting hiéu qua thu hoi
dau.

Céc két qua thu duoc tir chuong trinh thuc nghiém 1a co s& xay dung hé théng dir liéu diu vao cho md
hinh s mé phong dbi tugng khai thac trén phan mém chuyén dung, qua do tang tinh kha thi giai phap va
do tin twong cua két qua mod phong. Pay 1a ngudn tai lidu tin tuong dé thiét ké chuong trinh thir nghiém
thuc té mo va lra chon cac giai phap hd trg phit hop nhiam ting hiéu qua tng dung.

4. Két luan

Tang céat két Mioxen, moé Su Tu Pen Tay Nam dang dugc khai théac ¢ giai doan cudi suy giam san
lwong va mirc do ngap nudc nhanh. Viéc nghién ciru va ap dung bién phap tam cip WAG nham khai thac
tan thu lwong dau du dudi via la rat cip bach. Két qua thuc nghiém va mé hinh mé phong di chi ta tinh
kha thi dé tién t6i nghién ctu &p dung trén thuc té mo. Theo tinh toan cua cac chuyén gia, viéc ap dung
thanh cong giai phap nang cao hé sb thu hdi dau déi véi cac mo dau I6n (khai thac ¢ giai doan cubi)
tuong dwong phat hién ra mét mé dau nho, co diéu kién kinh té can bién. Tuy nhién, diéu kién thuan loi
nhét cua giai phap nang cao hé sé thu hdi dau nay 1a tan dung co s ha ting sin c6 va ngudn khi bom ép
tir cdc mé lan can.

Thuc té mé Rang Pong da hoan thanh cac giai doan thir nghiém va c6 thé 4p dung cho toan mé, viéc
diéu chinh hozc hoén cai hé théng cong nghé dé dap tng cac yéu cau ky thuat cao cua giai phap nay dang
dugce Ngudi Didu hanh xem xét va tinh todn mot cach ki ludng nhiam mang lai hiéu qua kinh té cao nhat
cho du an.

Tai ligu tham khao
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ABSTRACT

Research on application of water-alternating-gas (WAG) process to enhance oil
recovery at Miocene formation of Su Tu Den SouthWest

Trinh Viet Thang?, Le The Hung 2, Dinh Duc Huy ?
VietNam Oil and Gas group; ? Viet Nam Petroleum Institute

In recent years, Viet Nam’s oil production rate is tending to decline, the current production prediction
of oil field shows that production rate has been in a decline period, after 2024 being only 10 million tons
per year and to 2035 less than 2 million tons per year. Therefore, the application of improved oil recovery
(IOR) and enhanced oil recovery (EOR) is not only urgen task in Viet Nam but also all over the world. In
the method applied in VieNam, gas-alternating-water injection method has successfully piloted at Rang
Dong field and promises to be widely applied throughout the field. Based on reservoir condition
assessment and production performance analysis at objects in Su Tu Den, Cuu Long Basin, the authors
found similar conditions from research object with Rang Dong field. In the scope of work, the authors
studied theoretical basic of the method such as determining the interaction between injection agent (gas-
water) and oil reservoir, sweep and displacement efficiency coefficient. In this research, experiments data
was validated by numerical solution to built input data for reservoir simulation model. The results of core
flooding test and simulation model confirmed the efficiency of increasing oil recovery by WAG method,
in particular, higher than that of conventional water injection about 18% and 5 %, respectively.

Keywords: enhanced oil recovery, water-alternating-gas, simulation model
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Applications of managed pressure drilling technology in drilling hthp
wells in Vietnam: Bien Dong 1 project
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ABSTRACT

In 2010, Bien Dong POC commenced its 5 years campaign to drill various HPHT (high temperature high
pressure) offshore wells within tough strata signified by a formation pressure gradient of 790+895
psi/1000ft (this represents an equivalent mud weight of 15.2Ib/gal - 17.2lb/gal) and bottom hole
temperatures ranging from 155°C to 180°C. Accompanying very narrow Kkick/loss margins inside 0.5
Ib/gal, severe kick/loss phenomenon probable to occur while drilling through reservoir sections. These
extreme conditions impose a major challenge to drilling crews in regards to conventional drilling
technology. Being taken for granted as a potential remedy for such drilling hazards, Managed Pressure
Drilling (MPD) serves as a trustworthy approach for accurately detecting early kicks or Constant Bottom
Hole Pressure (CBHP) and Equivalent Circulating Density (ECD) management if required. This article is
devoted to analyze MPD variations as well as equipment needed to conduct MPD operations
corresponding to particular fields. The work as well briefly presents applications of this method applied to
Bien Dong POC wells in their first stage, Bien Dong 1 project.

Keywords: Managed Pressure Drilling (MPD), Bien Dong POC, Early kicks

1. Introduction
1.1. HTHP wells

Due to the fact that natural oil & gas reservoirs are soon coming to an end in the near future, it raises to
the demand of searching for new resources and drilling deeper and deeper wells into the earth crust,
where geophysicists believe in the appearance oil bearing rocks. Interests in these wells have remained
and becoming higher and higher and the number of HPHT wells have been growing for years. A well
which is considered high-temperature when its temperature gets higher than 140°C and a high-pressure
well starts at around 10,000 pounds per square inch (psi) (Gunnar DeBruijn et al., 2008).
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Figure 1. Schlumberger HTHP classification system basing on pressure and
temperature boundaries that reflect stability limits of common components used by the company.

*Tac gia lién h¢
Email: nguyenvanthinh@humg.edu.vn

72



Formation pressure prediction, fracture pressure determination, casing setting depth, drilling fluid’s
rheological properties, hydraulics, bit selection and cementing program should be all highlighted more
carefully when drilling into HPHT environment. To drill these wells, drillers have to face several
difficulties as listed below:

- Higher Pressures, higher Temperatures

- Fluid Rheology and PVT behaviour affects operating conditions

- Well control Challenges (PVT behaviour of gasses)

- Accurate prediction of temperatures and pressures

- Depletion in HPHT reservoirs is rapid with corresponding depletion in fracture gradients

- Hole stability affected by temperature changes

- Fluid stability and Barite sagging issues

- Mud density varies with temperature
1.2. Managed Pressure Drilling (MPD)

Nowadays, at least half of all HTHP offshore prospects are economically undrillable with conventional
drilling methods using conventional drilling equipment. In order to exploit HTTP wells, conventional
drilling characterized by an open to the atmosphere system with the property of maintaining bottom hole
pressure in form of:

BHP = MW + ECD
(Bottom hole pressure = Mud weight + Equivalent Circulating Density)

faces several difficulties or even impossible in more extreme environments. Utilizing conventional
drilling, a very few range of adjustments is available. Thus, some reservoirs could not be conventionally
drilled, i.e., low pressure and depleted reservoirs, fractured carbonate reservoirs where normal mud
circulation is impossible or reservoirs with a narrow margin between fracture pressure and pore pressure -
kicks/losses cycles, etc...Whereas, MPD methodology, a relatively young technology (introduced the
very first time to the industry at the IADC/SPE Amsterdam Drilling Conference in 2004), signified by a
close system which the bottom hole pressure is adjusted as below:

BHP = MW + ECD + Backpressure
(Bottom hole pressure = Mud weight + Equivalent Circulating Density + Backpressure)

shows its probabilities to adapt to more hazardous drilling conditions. In MPD drilling, the effective
bottom hole pressure (BHP) can be changed significantly and quickly with fewer interruptions when the
drill bit advances ahead. With MPD, the wellbore pressure is maintained slightly above or at balance with
the formation pressure at all times, and any inflow that may occur from any of the formation drilled is
carefully controlled and circulated out using surface equipment. On the other hand, MPD assists to safely
handle any influx from a producing formation and assures balance for the well before continue drilling.
The International Association of Drilling Contractors (IADC) defines it “an adaptive drilling process
dedicated to operational drilling in complex conditions”. This method enables drilling of various
conventionally impossible wells globally such as Mexico’s Veracruz basin, North Sea, Yemen,
etc...(Keelan Adamson and George Birch, 1998). MPD appears best suited to soft rock, onshore, high-
cost drilling areas and marginal prospects but also proves to have excellent applications to offshore and
eventually into deepwater operations. The primary objectives of MPD are to mitigate drilling hazards and
increase operational drilling efficiencies by diminishing non-productive time (NPT). The global managed
pressure drilling services market was valued at USD 3.70 billion in 2015 (Julmar shaun and Toralde,
2015). The increasing success rate of managed drilling services over other conventional techniques is also
anticipated to boost the deep offshore market penetration (Kenneth P. Malloy, 2007).

1.3. The fundamental benefits of MPD on HTHP wells

Narrow margin between pore and fracture pressures in HPHT fields would require Constant Bottom
Hole Pressure (CBHP) control to avoid unnecessary kick/loss incidents throughout dynamic and static
conditions. MPD manages to compensate this pressure loss by trapping surface pressure in the well, thus
ascertain the downhole pressure environment limits and control the annular hydraulic pressure profile
accordingly. Also, a closed loop MPD system in a narrow pore pressure fracture gradient (PPFG) in
HPHT fields enable to identify wellbore breathing or ballooning. Normally, frequency of well control
incidents is higher in HPHT wells and the MPD system enables easier control of kicks with the MPD
manifold. This manifold as well detects early kicks and allow them to be circulated at full pump rates
with pipe vertical and rotational movement, therefore reduces risks associated. Besides, using the MPD
system, operators are able to drill hole sections to the target depth and eliminate additional casing string.
This advantage helps to save time and reduce the complexity of drilling operation process and simplifies
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the wellbore profile. If it compulsory to make connections, MPD system maintains the constant
equivalence between bottom hole pressure (BHP) and equivalent circulating density (ECD) during this
operation (Dave Elliott et al., 2011).

1.4. Managed Pressure Drilling (MPD) Variants

The terminology of MPD covers a wide range of variations and applications. Of which, the most
commonly utilized among them are mud cap drilling (MCD), dual gradient drilling (DGD), constant
bottom hole pressure (CBHP), and return flow control drilling (RFCD) (Svein Syltoy, 2008).

- The CBHP technique is extensively applied for drilling wells with higher uncertainties on the narrow
mud weight window and pressure limits with kicks/losses. This technology is widely used in regions such
as North America or Mexico where the drilling environments are forecasted to be tough for drillers.
CBHP technique provides site safety by monitoring the annular pressure while detecting kicks and fluid
losses early and drilling. Bottom hole pressure or annular pressure is mainly determined by two factors:
the hydrostatic pressure of the drilling mud and the friction pressure generated when the pumps are
operating. Reportedly, the CBHP technology dominated the market accounting for over 40% and is
estimated to grow at a CAGR of 4.1% from 2016 to 2024 (marketsandmarkets.com, 2016).

- Pressurized mud cap drilling (PMCD) is known as a method in which the drilling proceeds with no
returns to surface and an annulus fluid column, supported by surface pressure that is made possible with
the use of a rotating control device. On the other hand, rather than an attempt to cure these losses, PMCD
handles with and penetrates through the loss zones €. It involves both an annular and a sacrificial fluid
system. A sacrificial fluid along with cuttings is accepted by the lost circulation zone. These methods are
useful for occasions of high lost circulation that preclude the use of conventional wellbore construction
techniques.

- PMCD is expected to witness significant growth rate and is extensively used all over the world to
drill through vugular and fractured carbonate formations where circulation losses can be simultaneously
severe and sudden. PMCD provides drilling to continue in greater target depth despite losses.

2. Prospects and Drilling challenges: Bien Bong POC HTHP wells

In Vietnam, Jobs to date with MPD methodology involve all types of MPD variant which are applying
worldwide. MPD deployed on platform, tender, and jack-up rigs and on moored floating rigs since 2005.
Vietnamese clients who take advantages of MPD include Cuu Long JOC, Hoan-Vu JOC, Premier Oil,
Hoan-VVu JOC, Plains Energy, Petronas Vietnam, Hoang Long JOC, Salamander Energy, Bien Dong
POC, ENI, PVEP, Santos, Idemitsu and Thang Long JOC. Of which, Bien Dong POC has been managing
the project Bien Dong 1.

I MPD Automatic Choke Manifold I

Model 7875 Rotating
Control Device

RCD Bearing
Assembly

Figure 2. MPD key equipment in use at Bien Dong POC
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Bien Dong 1, involving the joint development of the Moc Tinh and Hai Thach gas fields, located in
Nam Con Son basin, has been well-known as one of the most important large-scaled offshore exploration
project characterized by 16 HTHP wells drilled in high temperature, high pressure conditions at the
territorial sea of southern Vietnam. The fields are located at a water depth of about 140m. Exploration
recordings suggested a significant range of high temperature and pressure at regions of interest, namely
pressure gradient of 15.2+17.2 Ib/gal (or 790+895 psi/1000ft) and bottom hole temperatures ranging from
155°C to 180°C and a very narrow kick/loss margins: Inside 0.5 Ibs/gal. Drilling these requires rigorous
technical standards. MPD system managed to carry out this task. Here listed below practical jobs
accomplished by this technique at the regions of interest:

2.1. ldentifying ballooning in HPHT Environment

Ballooning is known as a circumstance in which fluids flow to the rock during over-pressured
operations. However, not the same as kick/loss, the formations do not keep this inflow and they give it
back when the formation pressure balances with or smaller than the hydraulic pressure. Ballooning events
are identified by the MPD system during pump off periods, which had induced micro fractures in the over
pressured formation, and the return drilling fluid was flowed back into wellbore as the fractures closed.
Due to the fact that a flow to the formation occurs in both phenomenons, the resultant flow back can often
be confused with influx, failure to recognize ballooning versus well control is a common mistake made in
drilling operations. Thus, precise interpreting of ballooning is crucial in narrow margin drilling operations
to ensure a safe, efficient operation. The MPD system, which revolves around "well listening” and
integrating all drilling dynamic factors, enables the making of correct hazard mitigation and avoidance
decisions.
2.2. 'Gas at surface' warning

MPD system detects when the mud weight read through the Coriolis flow meter is reduced and flow
out increased, due to gas expansion whilst drilling in progress. The use of Coriolis flow meters in these
applications provides drillers and mud loggers with highly valuable insight into operations therefore
improve both efficiency and safety of operations (Norman, 2011).
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Figure 3. MPD system alarms as “GAS AT SURFACE”
2.3. Early Kick/ Loss Detection

Whilst drilling, the entire MPD system was able to detect a number of gas at surface events. Moreover
the events were easily identified when the MPD system was used compared with conventional drilling
practices. Screen shot below is an example of ballooning event detection, by the Coriolis flow meter,
during a pump off connection and was interpreted by the Choke Operator, an event not identified as
influx detection by the MPD system.
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Figure 4. BALLOONING trend display by the Coriolis flow meter, during a pump off connection —
MPD System does not alarm as INFLUX detection
3. Results
3.1. MPD projects worldwide

a) MPD Addresses Uncertainties and Risks Associated with Sub-salt Formations

Challenge:

- Reenter a plugged, cemented, and abandoned well in the deepwater pre-salt area of Brazil. The
vertical well was situated in 6,562 ft (2,000 m) of water.

- Reach the targeted production zone at 16,781 ft (5,115 m), and mitigate fluid losses and a narrow
drilling window.

Solution:

- Previous drilling encountered a severe fluid loss zone that consumed 600 bbl/hr (95 m3/hr). The cost
of the fluid losses led to plugging and abandonment.

- MPD used until total losses experienced. The team switched to PMCD, which enabled the operator to
maintain the drilling phase, manage the bottomhole pressure, and avoid massive mud losses. Target depth
was reached and completion deployed.

- MPD revived a previously abandoned, multimillion-dollar investment. The well produces 20,000 B/D
(3,180 m?), which earns the operator US $2 million per day.

b) MPD Helps Operator Maintain Well Control and Minimize Formation Damage

Objective:

- To safely drill two (2) subsea development wells using a statically and underbalanced drilling fluid
with a constant bottom hole application and maintain well control integrity. Solution:

- Weatherford provided engineering, personnel and all the equipment for an automated managed
pressure drilling (MPD) system.

Value to Client:

- Automated MPD system was successfully used to drill with fluid densities of 12.7 ppg to a target
depth of 1,869 m (6,132 feet).

- MPD System was able to detect kicks and losses early thereby mitigating fluid losses and formation
influx scenarios.

- Narrow drilling mud weight window was managed properly by utilizing the constant bottomhole
pressure capabilities of the automated MPD system, especially during drillstring connections.

- Reduce the overall level of non-productive time involved, specifically by cutting back on the time
spent to weigh mud up by adjusting equivalent circulating density (ECD) and backpressure instead
(Michael Runtuwene et al., 2009).

- Provided valuable data that enabled the operator to have precise knowledge on geo-pressure
uncertainties.

c) HPHT Exploration Well Reaches Target Depth Using Automated MPD System
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Objective:

- Safely drill an onshore exploration well with high-pressure/high-temperature (HP/HT) and narrow
mud weight window (NMWW) characteristics and toxic gas content of as much as 1000 ppm H,S and
1.5% CO: to the deepest depth possible in a safe and efficient manner. Solution;

-Weatherford provided engineering, personnel and all the equipment for an automated managed
pressure drilling (MPD) system.

Value to Client:

- Automated MPD system was successfully used to drill with fluid densities of 2.47 SG to a target
depth of more than 3,700 m (12,000 ft).

- MPD System was able to detect kicks and losses early thereby mitigating fluid losses and formation
influx scenarios.

- Narrow drilling mud weight window was managed properly by utilizing the constant bottomhole
pressure capabilities of the automated MPD system, especially during drillstring connections.

- Reduce the overall level of non-productive time involved, specifically by cutting back on the time
spent to weigh mud up by adjusting equivalent circulating density (ECD) and backpressure instead.

- Increased the level of safety of the operation by closing the well in, keeping hazardous gases away
from the personnel working on the rig floor.

3.2. Vietham MPD Records

Challenges were encountered on the Bien Dong wells with RCD rubber element life duration, due to
drill string alignment issues and high temperature on the return flow risen up to 85 °C, when the mud
cooler was not on operation. Alignment was not immediately identified as a contributory cause of the
early element failures, due to the fact that the same could only be measured in sufficient time when the
top drive was not connected, and when the drillstring was off bottom, normally at the casing shoe. It was
later identified when measurements were made with the top drive installed and with the drillstring at or
near bit depth. With alignment being a very critical factor in the life span of RCD rubber elements, close
monitoring of the same needs to be done as well as adjustments, during the hole section. Steps when
possible should be made to correct any misalignment observed. The Hydrogenated Nitrile (HNBR) rubber
elements, which rigorous testing had indicated were the best choice for high temperatures and oil based
mud, in the field, this proved not to be the case, and so they were exchanged for natural rubber for a trial
well. The natural rubber elements gave considerably better performance, compared to the HNBR, with the
same drilling mud, longer element operating times, and were then recorded on most runs. Based on
lessons learnt from the use of HNBR for initial runs, natural rubber elements will be used on Hai Thach
drilling campaign, since the drill ability and durability is proven to much better. This will apply to similar
HPHT projects using oil based mud at high temperature in the future.

4. Conclusions

Managed Pressure Drilling technology (MPD) implementation, for drilling operations in Vietnam,
successfully addresses high-pressure/high-temperature (HPHT) related drilling issues, using MPD
monitoring and control methods, to mitigate drilling hazards, and allow wells to be drilled to total depth.
The application proposes a wide range of drilling challenges, with generally positive success in reducing
drilling time, non-productive time NPT and subsequently well construction costs. MPD supposes to be a
proven technology to safely and effectively address drilling trouble zones, for its applications from ECD
management perspective, early kick detection and constant Bottom Hole Pressure drilling. The deep-
water HPHT well referenced in this article is a clarified example from MPD planning and application
standpoint. The success of the applications is driven with a thorough integration of the pre-planning and
engineering of the project, and understanding the needs of the well, is put through to complete the well as
planned. As a remedy for potential drilling hazards at Bien Dong 1 project, Managed Pressure Drilling
techniques and technology were selected, and implemented successfully. This technology gives the option
for accurate early kick detection and if required constant bottom hole pressure (CBHP) drilling coupled
with ECD management at the sites of interest. Results and success gained from the project empowers
Vietnamese drilling teams to carry out more jobs taking advantage of MPD technology.
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TOM TAT

Hién nay, cong nghé khoan bang 6ng chong dugc sir dung rong réi trén thé gidi. Tuy nhién, d6i vai nganh
cong nghiép khoan dau khi tai Viét Nam phuong phap nay con kha méi va can dugc phét trién. O giai
doan dau phat trién, khoan bang 6ng chong chu yeu ap dung cho cac giéng khoan thang dting vai cac ong
Chong ¢6 kich thuéc I6n. Trong nhimg nim gan day, phuong phéap khoan bang dng chdng c6 nhitng budc
tién vuot bac nhét I1a trong cong nghé khoan dinh hudng khi sir dung két hop dong co day truc vit
“steerable positive displacement motors” (MM) va hé théng lai chinh xién “rotary steerable systems”
(RSS). Hé théng RSS mang lai nhiéu wu diém trong viéc cai tién cong nghé khoan dinh huéng bang dng
chdng (CwD). Ung dung cong nghé RSS vao CwD la giai phap phu hop cho van dé 6n dinh than giéng
khoan dinh hudng. V6i muc dich 4p dung cong nghé khoan dinh huéng bang dng chong déi vai céc giéng
khoan tham do va khai thac dau khi tai khu vuc Bon triing Malay — Thé Chu, nhém téc gia tién hanh phan
tich t6 hop thiét bi va nguyén ly hoat dong cua chiing trong céng nghé khoan dinh huéng bang dng chéng.

Tirkhéa: Khoan dinh hiréng, Bé dung cu day (BHA), Bon triing Malay — Thé Chu

1. Giéi thiéu chung

Khoan dinh huéng bang éng chdng (CwD) la cong ngh¢ khoan mdi, c6 kha nang thuc hién céc nhigm
vu khoan dic biét, giip giam gia thanh khoan va thoi gian thi cong giéng. Phuong phap nay dugc sir dung
phd bién trong cac hoat dong khoan ngoai khoi va dugc ing dung chu yéu cho myc dich thuong mai. 0
giai doan dau phat trién, cong nghé CwD sir dung mot choong khoan dac biét ni truc tiép vao éng chdng,
sau khi khoan xong tién hanh tram xi mang ludn ma khong phai thuc hién cong tac kéo tha nhu phuong
phap truyen thong. Sau nay, nguoi ta phat trién mot dang khac cua n6 bang cach sir dung bo khoan cu day
(BHA) ndi véi doan cudi cung cua cot dng chdng, éng chong nay s€ dugc gitr lai tai day giéng lam ng
chdng, con bo khoan cu s& duge kéo 18n sau khi khoan dén chiéu sau thiét ké (Tommy M. Warren et al.,
2000). Nhu vay, ching ta hoan toan c6 thé kéo tha dé thay thé va tai s dung bo dung cu day (BHA) ma
khong can phai kéo cot dng chbng. Phuong phap CwD thé hién duogc cac wu diém trong xay dung giéng
khoan do kha nang: giam thoi gian khoan va chong ong; bo qua cong tac mo rong thanh giéng truéc khi
chéng 6ng; tang cudng kiém soat giéng va cé thé khoan qua cac tang mat dung dich manh; tranh dugc
nhing phuc tap trong qua trinh kéo b khoan cu va chong ong sau khi khoan gleng khoan; c6 thé khoan
qua céc dia tang co ap suat Vvia khac nhau véi cung mot cép ong chong giam sb luong cap 6ng chdng can
thiét phai sir dung trong gleng khoan; c6 thé khoan qua cac dia tang cé mirc d6 phirc tap cao ma phuong
phap truyén thong khong thé thuc hién dugc; giam hién trong mat tuan hoan dung dich vao céc tang san
pham, tir d6 tranh dwoc céc ton that 1én thanh hé va tang hiéu suat khai thac (Tessari and Garret Madell,
1999; Tenbdrar, Arumes, 2016). Cac uu diém nay cd thé dat duoc khi khoan cac giéng dinh huéng, mac
du viéc tng dung cong nghé CwD trong giai doan dau phat trién chi nham vao céc giéng khoan thing
dung. Viéc mo rong hoat dong thuong mai cua cong nghé CwD dé ung dung trong khoan dinh huéng la
méc phét trién quan trong mang tinh dot pha cua cong nghé nay. Thuc té cho thdy, cong nghé CwD sir
dung két hop véi hé thong l4i chinh xién (RSS) va dong co day cho két qua tét. Tinh dén thoi diém hién
tai, cong nghé khoan CwD di duoc sir dung dé khoan khoang 1175 giéng khoan trén dt lién va ngoai
khoi, dat tdng cong trén 1.5 triéu mét khoan, qua nhiéu dia ting dat da voi cac dic tinh khac nhau
(Warren et al., 2005).

2. Phuong phép khoan bing 6ng chong dinh hwéng

D¢ khoan céc giéng khoan dinh huéng bang cong nghé¢ CwD, viéc sir dung bo dung cu day co thé thu
hoi va kéo tha dugc trong giéng khoan 14 can thiét. CAc thiét bi ddn hudng va dinh huéng trong qua trinh
khoan s& g6p phan 1am tang hidu qua khoan vao via, giam thoi gian, gid thanh cling nhu don gian hoa ciu
tric giéng. Trong qua trinh kéo bo khoan cu 1én trén bé mat, nguoi ta c6 thé cho cot ng chng chuyén

*Tac gia lién h¢
Email : nguyenvanthinh@humg.edu.vn
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dong tinh tién hodc quay dé tranh ket mat. Céng nghé CwD c6 thé khoan véi dng chéng c6 kich thuéc tir
13 3/8" dén 7" va goc nghiéng cua giéng Ién téi 80°. Tuy nhién, dé tranh rai ro trong qua trinh thi cong,
can kiém toan céc thiét bi theo dung tiéu chuin quy dinh dbi véi chwong trinh khoan. Cac thong tin phan
hoi ctia bo dung cu day (BHA) khi khoan véi dng chdng c6 su khac biét rd rang véi phan hoi cia b dung
cu day khi sir dung can khoan thong thuong.

by i -
Austr uub
»... ...

Hinh 1. Cac giéng khoan dwoc khoan thanh cong bang ong chong trén thé gidi
3. Khoan chéng éng téi dd sau thuc

C6 hai phuong phap khoan bang 6ng chéng:

- Phuong phép “Direct XCD”: st dung cum “Casing Drive System” (CDS) hodc thiét bi chéng dng
(CR) dé truyén dong quay cho choong khoan thong qua ong chong. Trong truong hop nay, choong khoan
dugc 13p tryc tiép vao chan dé éng chdng. Céc thiét bi co lién quan dugc lap doc cot éng chdng nham
giam rung dong va dinh tdm cho n6 trong qua trinh trém xi mang sau khi khoan dén do sau duy kién. Hé
thdng Direct XCD co thé khoan véi nhiéu kich thuéc 6ng chdng khéac nhau. Direct XCD la phuong phép
khoan bing 6ng chong dién hinh khi thuc hién mot cong doan khoan chi véi mét lan chay ong duy nhat.
Tuy nhién, cong nghé nay khong cho phép sir dung céc thiét bi lai chinh va thuong dung dé khoan cac
doan théng dang;

- Phuong phap CwD dinh huéng: ciing sur dung hé thdng dan dong dng chéng (Casing Drive System)
va céc thiét bi phu trg gidng phuwong phap Direct XCD nhung thay vi choong tai doan cudi cua cot dng
Chong nguoi ta lip dat bo khoan cu day (co ban giéng véi bo dung cu ddy trong phuong phap khoan
truyén thdng bang Can) Hé théng nay cho phep kéo tha bo dung cu day qua éng chdng tai moi vi tri trong
qua trinh khoan. Ong chéng thuong quay ¢ toc thap (< 60 = 80 v/phit) (lenvdrar, Arnwes, 2016) dé
khong vuot qua gidi han rung Iac va dap, vi vay dé ting téc do quay nguoi ta sir dung mot dong co day
trong BHA. Trong nhirng nim gin day, bo dung cu day dung trong cong nghé nay lién tuc dugc cai tién
trong thiét ké va dac tinh 1am viéc dé phu hop vai hé thong RSS tién tén nhit. Cac hé théng do trong khi
khoan (MWD) va karota 16 khoan (LWD) phu hop véi cong nghé CwD hién da c6 san trén thi truong.
Thoéng thuong, bo khoan cy day (BHA) c6 dang nhu m6 ta trong hinh bén duéi (hinh 2).

F

[ Casing to Surface ‘

TDDirect CD
7’ Drillock Assembly
7 5/8”
9 5/8”
10 %n PmrPa:chg'é:;IEg's[h:eomr inside
13 3/8”
TDDirect
High Ratio Reamer

MWD/LWD/Rotary Steerable tools

Hinh 2. Bg dung cu ddy diing cho phwong phdp khoan CwD
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4. Yéu cau vé thiét bi

Thiét bi can thiét sir dung cho cong tac khoan CwD duoc m ta dudi day (hinh 3) véi chd thich cy thé
cho tirng chi tiét cua bo dung cu.

Downhole tools i‘:‘m;nn_@

Drill Lock Assembly (DLA) Type 5C under reamer

T mye—e  EE—

Mechanical Pulling Tool (MPT)  Hydraulic Safety Release tool (HSRT) Hydraullo Seting Tool #487)

| Running tools

Mechanical Release &
Pulling Tool (MRPT)

Sale Products Pump Down Displacement Plug (PDP) Plug Landing Nipple (PLN) Casing Profile Nipple (CPN)

Hydroformed Centralizer Guide Shoes

Hinh 3. Thiét bi khoan CwD
4.1. Thiét bj sir dung trong 16 khoan (Downhole tools)
Bo khoa can khoan (DLA): duoc sir dung dé ghép ndi va cé dinh bo khoan cu day vao doan cudi cia
ong chdng. Nho d6, momen xoan va tai trong can thiét dé phéa huy dat da duoc truyén cho choong trong
sudt qua trinh khoan giéng.

Pump Down Release Tool (PORT)

Casing Circulating tools (CCT)

Thiét bi mo rong thanh 16 khoan (underreamer): day la thiét bi gidp ma rong thanh giéng khoan véi hé
s6 mé rong thanh cao. Tai moi vi tri cua giéng khoan, bo dung cu day BHA c6 thé kéo tha dé dang qua
dng chdng. Khi kéo bo khoan cu day, mot thiét bi tuin hoan dng chdng duoc sir dung dé dam bao &p suat
day giéng khong giam.

4.2. Dung cu thd thiét bi (running tools)

Thiét bi kéo tha (MRPT) c6 tac dung nang tha bo khoan cu day trong qua trinh xdy dung giéng. Thiét
bi théo roi thay lyc an toan (HRST) duoc dua vao giéng khoan trong truong hop khdng thé kéo bo dung
cu day 1én khoi bé mat. Do do6, bit budc phai xac dinh dwoc dudng kinh trong (ID) cua cot can khoan s&
sir dung. Can tién hanh dao bd khoan cu truéc khi kéo. Néu tién hanh kéo bo khoan cu truée khi khoan
dén d6 sau thiét ké (TD), thi ban rotor IGc nay s& giir cot 6ng chdng & trang thai treo (khong cham day).
C4c thiét bi “API bowl”, éng truot, “C-plate” dugc sur dung dé dua bo thiét bi MRPT vao giéng khoan.

Thiét bi thao thuy lyc “pump down release tool” (PDRT) duoc su dung dé thao bo khoa cém khoan
(DLA) tir nhippen dau éng chdong. Truong hop khi khoan vai hé thng lai chinh xién (RSS) ong chéng
duge dua xudng trude, sau d6 ngudi ta tha bo khoan cu day truot theo nd xudng sau. Rat cd thé s& phai
tién hanh thio DLA thong qua bom PDRT dé dam bao bo BHA dwoc giai phong truéc khi dwa ching ra
khoi giéng. PDRT dugc liap & ddu dng chéng va duoc théo ra sau khi giai phong DLA dé phuc vu qua
trinh kéo tha. Khi DLA di duoc thao, bo dung cu kéo tha dng chéng (CRT) duoc gin vao phan dinh cua
DLA.

Flow line
in or out Drillpipe
box

Drillpipe pin

Casing circulating tool.

Hinh 4. Thiét b; tuan hoan éng chéng
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Thiét bi kéo tha co hoc (MPT) c6 téc dung thu hdi by khoan cu diy BHA sau khi thiét bi PDRT giai
phong bé DLA. MPT dugc thiét ke dé ghép noi vai phan dau cia BHA va dugce day xuong nho trong
luong ban than va theo dong chay do PDRT tao ra.

Thiét bi lap dat thay luc (HST) dugc st dung dé phong va lap dat bo khoa can DLA trong nhippen dng
chbng (CPN). Quy trinh Iap dat HST duoc diéu khién qua ap luc bom. Khi DLA di dugc dinh vi bén
trong CPN, nguoi dleu khién xac dinh DLA da dén ding vi tri, khi d6 mot vién bi s& dugc dugc tha
xuéng bén trong cot can khoan va nam trong thiét bi Iap dat thiry lyc. Llc ndy, ap suat dugc tang 1én kich
hoat thlet bi HST giup lip dat DLA trong nhippen ong chong Khi lap dat xong DLA, pistion bén trong
HST van tlep tuc hanh trinh ciia n6 cho dén khi giai phong ap suét vao khoang khdng vanh xuyén giira cot
can khoan va dng chéng.

Thiét bi tuan hoan 6ng chong (CCT) gilip kiem soat giéng khoan trong qué trinh thu hoi bo dung cu
ddy (hinh 4). Thiet bi nay c6 nhiém vy bit kin khong gian vanh xuyen giita can khoan va 6ng chong, cho
phép dung dich tuan hoan qua n6 trong qué trinh kéo tha BHA.

4.3. Thiét bj phu tre

Trong phuong phap CwD mot nhippen “plug landing nipple” (PLN) duoc lip dat sin trén cot ng
chéng dé nat tram trén va nat tram dudi ti 1én trong qua trinh tram xi mang (hinh 5). Sau khi dat dén do
sau thiét ké, bo dung cu day duoc dua 1én trén bé mat va qué trinh trdm xi mang bat dau. NGt tram trén c6
vai trd quét sach vira xi méing tai mat trong ciia ng chéng khi n6 di qua va cach ly vira xi ming véi dung
dich ép. Mot van nguoce duoc st dung vai nhiém vy ngan can dung dich vita xi ming chay ngugc vao
trong 6ng chdng.

Nhippen éng chéng (CPN) duoc lip dit sin bén dudi cua cot dng chéng véi muc dich c¢b dinh DLA
vao 6ng chong. CPN cho phép lap dat va thu hoi DLA, gitip doi khoan cé thé thay d6i cac by phan cua
BHA khi can thiét. Khi c6 dinh DLA vao CPN, hé théng cho phép truyén momen xoin va luc doc truc téi
b6 dung cu day. Khi dat dén d6 sdu khoan can thiét, bo DLA c6 thé duoc thao roi khoi CPN dé dua bo
dung cu khoan dy 1én trén bé mat qua 5ng chong.

which is pre-installed in the casing string
The PLN provides an internal profile to

The cement system includes a PDDP,
which the PDDP lands and latches.

Hinh 5. Nut bom tram xi mang
Dinh tdm dng chéng (hinh 6) dam bao su dong truc giira dng chdng va giéng khoan trong qué trinh
tram xi mang ddi véi giéng khoan thiang dung ciing nhu giéng khoan dinh huéng. Céc thiét bi dinh tam
duoc ldp dat trén cot dng chdng con véi muc dich tao ra khe ho giita 6ng chong va thanh giéng tai moi
diém trén bé mat cia nd (cot 6ng chdng khong tiép xdc vai thanh giéng khoan). Céc thiét ké dinh tam tao
hiéu ing “plastering effect” gitp tang d6 6n dinh cua thanh giéng khoan lam ting chat lwong cua vanh d4
x1 mang trong qua trinh tram.

Nonhardfaced centralizer Hardfaced centralizer

Hinh 6. Pinh tdm éng chong



5. Uu va nhuge diém ciia phwong phap khoan bing éng chang

Dua trén cac s6 liéu khoan bang dng chdng trén thé gisi, uu diém cia phuong phép nay c6 thé ké dén
nhu sau: tbc d6 co hoc khoan cao; cd kha nang d6i phé vai hién tugng mét dung dich khoan; giam ton
that dung dich khoan; cho phép khoan khi khdng c6 hodc chi co tuan hoan cuc bo; tang cuong do on dinh
cua 15 khoan; dam bao ong Chong dugc dat ding d6 sau mong mudn; giam thiéu sé luong cot dng chéng
trung gian, ong chéng ling; tiét kiem thoi gian (cac qua trinh dugc thuc hién véi toe do nhanh hon); cai
thién van d¢ kiém soat giéng khi kéo tha; cai thién an toan cho nguoi lao dong. ..

Véi phuong phap khoan bang dng chéng, qua trinh khoan dugc don gian hoa, diéu nay gitp tang tinh
an toan cho céc hoat dong khoan nho giam nhan luc can thiét trén san khoan va giam sé luong can khoan
s0 V61 phuong phap khoan thong thuong. Ngoai ra, do giam dugc nguy co xay ra phic tap su cb lién quan
dén mat 6n dinh thanh gleng nén giam dugc thoi gian phi san XUét trogn qua trinh khoan. Thém vao do,
khoan bang dng chdng cé kha ning cach ly rat hiéu qua giéng khoan véi thanh hé trong khi khoan. Khi
dat dén d6 sau can thiét, bo dung cu day duoc dua ra khoi giéng khoan va phan 15 khoan vira khoan xong
c6 thé sin sang dé tram xi ming.

Bén canh nhiing uu diém vuot troi, khdng thé khong ké dén nhitng kho khan co thé gap phai khi st
dung cdng nghé khoan bang 6ng chong nhu: khe ho giira thanh giéng va dng chéng nho, diéu nay cé thé
dan dén ket, dung dich tuan hoan tai khoang khéng vanh xuyén khé khin hon, dic biét khi khoan trong
dia tang chira sét truong nd; kha ning lam sach day giéng thap; chat luong vanh da xi ming c6 do bén
khong cao do khoang khong vanh xuyén gitra dng chéng va thanh hé nho; do phai dam bao kéo tha bo
khoan cu qua 6ng chéng mot cach dé& dang trong qua trinh khoan, nén ban kinh cong cho phép cua giéng
khong dugc qué 16n [8],...

6. Ung dung phwong phap khoan bang éng chéng tai Viét Nam

Phuong phap khoan bang éng chéng CwD hién nay chua duoc phét trién manh tai Viét Nam. Tinh dén
thoi diém hién tai, khéng cé nhiéu giéng thuong mai dugc khoan véi cong nghé nay, ngoai trir mot sé
giéng cua Total va Mitra (Schlumberger, 2014). Giéng khoan méi nhit dugc khoan bang cong nghé CwD
tai Bon triing Malay-Tho Chu véi duong kinh dng chdng 13 5/8", @6 sau 925 m, day la cac giéng khoan
tham do tham luong dau khi.

C6 nhiéu Ii do khién cong nghé CwD chua dwoc ap dung rong réi tai Viét Nam. Mot trong nguyén
nhan c6 thé dugc ké dén 1 do cau tric cua cac giéng thdm do va khai thac tai Viét Nam thuong bat dau
Vi céc 6ng dan hudng 30" hozdc 20" nén kha nang gap rui ro trong khi khoan lén hon so v6i cac phuong
phap khoan thong thuong. Véi su bién dong vé san luong va gia dau thd trén thé gigi tir cubi nim 2014,
gi4 dau giam xudng dan dén viéc cit giam cac hoat dong tham do khai thac dau khi trén toan thé gigi
cling nhu tai Viét Nam. Tuy nhién, du bao vé luong dau tiéu thu méi nhit cua IEA (International Energy
Agency) cho thay nhu cau vé dau tho van sé tiép tuc téng 1én trong vong 5 ndm t6i. Do do, ké hoach phat
trién cac mo dau va khi tai bé Malay- -Thé Chu la can thiét. Hon nira, phuong phap khoan CwD s& la mot
phuong 4n rat kha thi dé giam thiéu chi phi khi thuc hién cac giéng thim do va khai thac. Cong nghé
CwD da duoc phat trién boi nhiéu cong ty trén thé gioi nhung chi ¢ 2 cong ty tién hanh cung cap dich vu
CwD tai Viét Nam d6 1a Schlumberger (Tesco) va Weatherford.

7. Ap dung phuong phap khoan bing 6ng chéng cho céc dy &n tai bé Malay-Thé Chu

Nhu cau dbi véi viéc sir dung khi cho viing Dong bang song Mekong duoc dy doan s& ting manh trong
cac thap ky t6i. Do d0, cac hoat dong tham do va phat trién cho cac du &n khi tai khu vuc Malay-Thé Chu
la can thiét ¢é dam bao cung cap du ning lugng cho toan ving trong twong lai. Qua cac dir liéu thu thap
dugc tir cac giéng khoan tai block 46/7 va 52, diéu kién khoan tai Bon triing Malay-Th6 Chu c6 thé dugc
tom tat ngén gon nhu sau: myc nu6c tir 32-50m; tiém ning hydrocarbon nam tai dia tang Miocen glua va
Oligocene; chiéu sau giéng nam trong khoang tir 2500 m dén 3750 m; ciu trdc giéng don gian, 6ng dan
huéng thuong c6 kich thuge 13 3/8" hoac 9 5/8". Dya trén céc thong tin trén, phuong phap khoan st dung
dng chdng la giai phép kha thi dé khoan cac giéng dau khi boi cac wu diém sau sau:

e Giam thoi gian phi san xuét do glam thoi gian kéo tha va giam nguy co xdy ra phuc su ¢b;

e C0 thé khoan qua cac dia ting kém 6n dinh, cac dia tang yéu ma khdng can thém cap duong kinh
ong chéng;

e Giam gia thanh trén 1 mét khoan do giam duoc s6 lugng cip 6ng chdng va thai gian thi cong ching.
8. Két luan

Khoan bang dng chéng hién nay chua phai la phuong phap dugc ap dung rong réi cho tat ca cac giéng
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khoan véi cac didu kién dia chat khac nhau. Viéc lya chon phuong phép khoan phu hop thudng dya trén
nhiéu yéu té. Phuong phap CwD thudng duoc &p dung cho giéng khoan & cac khu vuc c6 nguy co mat
tuan hoan dung dich cao ma cac phuong phap khoan thong thuong khé hoac tham chi khong thé thuc hién
duoc. Khi khoan bang cong nghé khoan nay, céc dit liéu vé giéng khoan can phai duoc xem xét can trong,
dic biét 12 vé d6 bén nén cua thanh hé, dé lra chon va sir dung hop ly, hiéu qua cac dung cu can thiét
trong qué trinh khoan va hoan thién giéng. Céc dau éng chéng phai duoc xem xét lua chon dua trén muc
dich tang d6 bén xoan trong khi khoan. Xét vé yeu t6 gia thanh khoan, phuong phép khoan CwD thuong
khong dugc khuyén khich sir dung cho cac giéng khoan qua céc dia tang 6n dinh, diéu kién khoan don
gian. Phuong phap nay s& phi hop hon khi khoan cac giéng c6 cdp duong kinh éng chdng bé mat 16n.
Vi diéu kién thyc té tai khu viyc Bon triing Malay Tho Chu, phuong phap khoan dinh huong béng ng
chéng la giai phap hop 1y. Tuy nhién, cén ctr vao cac yéu Cau ky thuat d6i véi nhitng du &n cu thé ¢ khu
vuc nay, chung fa can phai chuan bi ké hoach chi tiét, bao gdom ca thiét ké va van hanh khoan, nham tbi
wu cac van d& vé gia thanh va giam cac rui ro c6 thé gap phai trong qua trinh khoan.
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ABSTRACT

Directional casing while drilling technology in vietnam- potential and
application

Nguyen Van Thinh®”, Nguyen Thi Hai Yen?, Nguyen Tien Hung?, Nguyen Trong Tai?
! Faculty of Oil and Gas, Hanoi University of Mining and Geology (HUMG)
2 Rosneft Vietnam B.V

Drilling while casing, a technology famous for its abiblity to deliver superior wellbore, to save time and
money, has been utilized worldwide since the last decade. In its early stage, casing while drilling was
applied mainly for vertical wells with casings of large diameter. Nowadays, this method enables a vast
range of casing's diameters thanks to the combination of steerable positive displacement motors (MM)
and rotary steerable systems (RSS’s). In which, the RSS system is believed to provide another avenue for
improving directional casing while drilling (CwD) performance. And the combination of rotary steerable
systems and CwD is a natural solution to directional wellbore stability problems. It capitalizes on the
pinpoint control of RSS’s while rotating the casing to heal wellbore wall problems. However, casing
while drilling is relatively new to the oil and gas industry of Vietnam. Thus, it raises to the demand of
developing the technique widely in offshore drilling at the coastal of the country. With the pursuit of
applying for exploration and production wells in Malay-Tho Chu basin, this work presents an overview of
the combination of rotary steerable systems (RSS’s) and CwD and discusses the procedures developed to
optimize the drilling operations in that area.

Keywords: Directional Drilling, Casing while drilling (CwD), Malay-Tho Chu Basin
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Nghién ctu hé théng kéo cang dau giéng (CTS)
trén gian khoan tu nang
Nguyén Vin Thinh'*, Nguyén Dong Anh?, Nguyén Vin Thin? Hoang Anh Diing!

~_ !Truong Dgi hoc Mo - Dia chdt
2Cong ty Co phan ché tao gian khoan Dau khi Viét Nam (PV Shipyard)

TOM TAT

Hoat dong khai thac dau khi ngoai bién cua Viét Nam dang c6 xu huéng tién ra xa bo hon, véi do sau
muyc nudc bién ngiy cang ting. Cac gian khoan phai hoat dong tai nhimg ving nudc sau hon va can ¢6
tinh linh dong hon trong viéc khoan nhiéu giéng khac nhau tai mot khu vue. Diéu do dong nghia véi didu
kién va moi truong lam viéc ngay cang trg 1én khac nhiét. i véi gian khoan ty nang, hé thong kéo cing
dau giéng CTS (Conductor Tensioning System) la to hop thiét bi quan trong, dugc thiét ké dé tao ra lyc
céng thang ding tac dung vao cot ong chong noi tir dau giéng téi san khoan, ciing nhu tao ra dugc sy on
dinh cho tam cua cot 6ng chéng. Khi hé théng CTS hoat dong, luc kéo s& gitp cho cot 6ng chdng duoc 6n
dinh, chdng lai duoc cac dao dong do song, gio... tac dung vao. Pé dam bao an toan cho qué trinh khoan
tai cac ving nuéc sau, hé théng nay can phai hién dai hon dé dap tng dwoc nhitng yéu cau can thiét néu
trén. Bai bao trinh bay cac nghién ciru chi tiét vé hé thong CTS trén co s¢ phan tich chirc ning va céc yéu
t6 anh huong chinh dén hoat dong cua hé théng nay. Két qua nghién ciru 1a co S0 dé dua ra nhimg dinh
huéng thiét ké céc thiét bi cua hé thong CTS tai Viét Nam, dép g duoc yéu Cau ngay cang ndi dia hoa
hé thong thiét bi trén gian khoan, dong thoi van dam bao nhitng tiéu chudn quéc té va van hanh 6n dinh,
pht hop véi méi truong bién Viét Nam.

Tir khoa: Hé thong kéo cang dau giéng, Gian khoan tu nang, Thiét bi khoan nudc sau

1. Téng quan vé hé théng kéo cing dau giéng (conductor tensioning system)

Do diéu kién méi trudng lam viéc ngay cang trg 1én khic nhiét hon, cac gian khoan phai hoat dong tai
nhitng ving nudc sau hon, va phai c¢é tinh linh dong hon trong viéc khoan nhiéu giéng khac nhau tai mot
khu vuc nio d6, cho nén hé théng kéo ciang dau giéng (Conductor Tensioning System) ciing yéu cau hién
dai hon dé dap g dwoc nhitng yéu cau can thiét trén. Hé thdng kéo cang dau giéng duoc thiét ké dé tao
ra lyc cing thang dung tac dung vao cot dng chdng ndi tir dau giéng téi san khoan, ciing nhu tao ra dugc
su 6n dinh cho tdm cot dng chdng nay. Khi ma hé thong kéo cing dau giéng hoat dong luc kéo nay s&
gilp cho cot ng chéng dugc 6n dinh, chéng lai dugc cac dao dong do séng, gi6 tac dung vao. Hé théng
kéo cang dau giéng trang bi trén gian khoan s& dugc chia thanh 2 loai mau:

Mau cb dinh khdng c6 hé thong truot: day 1a mau don gian duoc gin ¢ dinh vao dam cong x6n, duoc
g4p 1én va gap xudng khi nghi va lam viéc. Mau nay s& bi han ché khi san khoan dich chuyén sang bén
tréi hoac phai thi hé théng kéo cing dau giéng sé bi han ché. Pay 1a mau da duoc trang bi cho gian Tam
Dao 03 (Hinh 1). Dé khic phuc van dé nay gian Tam Dao 3 d thiét ké thém 2 vi tri dé cho hé thong kéo
cing dau giéng co thé 1am viéc, nhung van dé ndy lai tén khé nhiéu thoi gian, vi khi mudn chuyén qua vi
tri moi phai tam dirng toan bo hé thng, sir dung cu cua gian dé ciu san kéo cing dau giéng sang vi tri
méi. Trén Hinh 1 md ta hé thong kéo cang dau giéng gian Tam Dao 03 véi cac chi tiét chinh bao gom:
Cum kéo cing dau giéng chinh (1); Cum diéu khién thay lyc (2); Cum kéo cing phu tro (3); Kep 6ng
chéng (4); Piston diéu chinh san kéo cang dau giéng (5); Cau thang (6); Cot éng chdng (7).

Mau c6 hé thdng truot: 1a miu duoc trang bi cho gian Tam Pao 05, véi mau nay hé théng truot & gilp
tang tinh linh dong cua ca hé théng kéo cang dau giéng, co nghia 1a khi san khoan trurgt qua bén trai hoic
phai thi hé thng truot gilp cum kéo cing dau giéng chinh truot trong tng theo, cho nén gian sé tro 1én
linh dong, khoan dwoc nhiéu giéng tai mot vi tri hon. Hé théng kéo cang dau giéng trang bi cho gian Tam
Dao 05 bao gom cac cum thiét bi sau: Cum kéo cing dau giéng chinh (Primary Conductor Tensioning
Unit); Cum kéo cang dau giéng phu tro (Secondary Tensioning Unit); Cac tam tiéu chuan va hé thong
truot cac tim tiéu chuan (Sliding Panel System); Bo c¢ong cu ning va san kéo cing dau giéng (Lifting tool

*Tac gia lién h¢
Email: nguyenvanthinh@humg.edu.vn
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Assembly & Conductor Tensioning Platform); Cum cap thay luc va binh tich 4p (Hydraulic Power Unit
& Accumulator); Cac tram van (Valve Station).

Hinh 1. M6 hinh hé théng kéo cing dau giéng gian Tam Pao 3

Cum kéo cing dau giéng chinh (Hinh 2) hoat dong nho vao 4 cap xylanh chinh, khi thay luc cap vao
nhirng cap xylanh nay, nhiing cip xylanh s& nang vong nang ty vao cac mau trén cot dng chong, cho nén
s& tao ra luc cang thiang dung tac dung vao cot dng chdng ndi tir diu giéng 1én san khoan. Tuy vao diéu
kién cu thé ma s& diéu khién 2 cap xylanh ciing hoat dong hoic 1a 4 cap xylanh cung hoat dong. Véi ap
sut lam viéc 207 bar, luc cing tao ra tung ang véi 2 cap xylanh 1a 136 tan, vai 4 cap xylanh 1a 272 tan.

Xylanh khéa tai bon gOC cua cum kéo cing dau giéng cé chirc niang khoa va gur cum kéo cing dau
giéng cd dinh trén san. Tam két cau duoc ché tao tir thép tam va mot phan 1a san dé giam khéi lugng cho
ca cum kéo cang dau giéng. Phan thép chiu luc s& bo tri cac xylanh, cong cu 6n dinh tam (lateral support).
Céc cong cu 6n dinh tam duogc thiét ké dé 6m vao cot dng chdng, nhitng cong cu nay duoc bé tri xen ké
v6i cac cap xylanh chinh. Nhitng cong cu nay dwoc diéu chinh boi nhan vién thao tac trén san kéo cing
dau giéng. Tai phia truéc va sau ctua cum kéo cang dau giéng chinh dugc trang bi thém 8 con lan din
huéng cho cum kéo cing du giéng dich chuyén. Con lan nay tiép xdc v6i mat bén cua dudng ray trén san
(CTP) tao ra dudng dan dé cho cum kéo cang dau giéng dich chuyén. Véi ciu tao kiéu con lan s& 1am
ngin ngira Viéc bi ket xay ra trong qua trinh dich chuyén cum kéo cang dau giéng.

Vong ning

 Sindhao tic Con lin déin huéng

Xylanh chinh Céng cu én dinh tim

Hinh 2. M6 hinh cum kép cang dau giéng chinh
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Cum kéo cing dau giéng phu tro cau tao kha don gian (Hinh 3), bao gom 2 xylanh thay lyc treo truc
tiép vao két cdu ngay dudi san khoan, dugc b tri tai mi bén cua tim giéng. Thuc chét cia cum kéo cang
dau giéng phu tro 1a tao ra luc kéo dé can bang lai tai trong cua cum thiét bi dbi ap (BOP Stack) ma dugc
Iip bén trén cot dng chdng. Hé thong kéo cang dau giéng dugc trang bi tong cong 22 tim tiéu chuan duoc
bd tri lién ké nhau tir bén trai dén bén phai cua san kéo cang dau giéng, hai tim lién két truc tiép véi cum
kéo cang dau giéng chinh, hai tam du phong lién k& véi hai tim tryc tiép, va muoi tm tim tiéu chuan.
CAu tao cac tam tiéu chuan nay la gidng nhau, ngoai trir hai tam tiéu chuan tryc tiép lién két véi cum kéo
cang dau giéng dugc goi 1a 1a tAm tryc tiép tao ra sy dich chuyén cua hé thong kéo ciang dau giéng. Cum
kéo cang dau giéng chinh dich chuyén duoc tir tréi qua phai ciia san kéo cang dau giéng la nho vao hé
thong truot cac tam tiéu chuan, cac tAm nay truot s& day cum kéo cang dau giéng dich chuyén twong wng
theo. Toan bo hé théng déu hoat dong bang thuy luc, dia vao su két hop hoan chinh cua cac xylanh ddy
va xylanh khoa.

Hé thdng trugt cac tam tiéu chuan chia thanh ba budc chinh.

- Kich hoat cac xylanh nang, ha cua cum gia d& c4c tAm tiéu chuan tai hai bén trai hoic phai cua san
kéo cang dau giéng. Sau khi kich hoat cac xylanh nang ha nay, tién hanh kich hoat cac xylanh khoa cum
gia d&. Khi d6 xylanh khoa s& dugc khda vao cac 16 da khoét trén khung gid d& va tao va mot khe ho dam
bao cho tam tiéu chuan gan ngay canh khe trugt vao trong khi hé théng truot lam viéc.

- Kich hoat cac xylanh khéa cum kéo cang dau giéng tai bén goc cua cum kéo cang dau giéng, dam
bao riang cac xylanh nay phai ¢ trang thadi mo khoa. Kich hoat cac xylanh khoa trén hai tam tiéu chuan
truc tiép lién két v6i hai bén cua cum kéo cing dau giéng. Cac xylanh khéa cua mdi tam tiéu chuan nay
phai & trang thai nguoc nhau. Nghia 1a néu mudn dich chuyén qua bén phai thi s& ma khéa cho cac xylanh
khoa cua tim tiéu chuan bén phai va khoa cac xylanh khoa cua tim tiéu chuan bén tréi. Tiép theo kich
hoat cac xylanh day trén tim tiéu chuan bén trai hé thong s& truot di mot khoang dung bang hanh trinh
clia xylanh ddy.

- Kich hoat cac xylanh khéa trén cum kéo cing dau giéng chinh, dé khoa cum kéo cing dau giéng
chinh xudng san, ma khoa cho cac xylanh khoa trén tim tiéu chuan bén trai, kich hoat cac xylanh diy bén
trai dé cho céc tam tiéu chuan bén trai truot twong g theo.

Thuc hién 13p lai cac buée 1, 2, 3 @& dam bao cho cum kéo cing dau giéng dich chuyén dén vi tri
mong muén.

o~F 1 F
Cum kéo cing dan | Al Iy |
giéng phy trg 3 ! E
I
I

Bi cing cu
ning

Sin kéo "

-

Cum Léo cing i
giéng chinh

Hinh 3. M& hinh bé tri cum kéo cing dau giéng phu tro
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San kéo cang dau giéng (Conductor Tensionning Platform) thuoc hé thong kéo cing dau giéng
(Conductor Tensionning System). San duoc bd tri & cao do 1070 mm (ACBL) so véi duong co s cua
dam cong x6n, dugc ¢b dinh véi dam cong xon bang cac hé thong pin chét khi san & trang thai 1am viéc
cling nhu trang thai nghi. San kéo cang dau giéng duoc thiét ké voi chirc nang chinh 1a dé do cum kéo
cing dau giéng hoat dong va dich chuyén, ciing nhu tao ra khong gian dé cho viéc thao tac va bao tri cac
thiét bi duoc dat trén san. San phai duoc thiét ké dam bao chiu duogc tai 16n nhat tac dung theo phuong
thang dung khi cum kéo cing dau giéng hoat dong I 272 tan, ciing nhu tai tac dung theo phuong ngang
sinh ra khi cac cong cu 6n dinh tam hoat déng. Twong bao xung quanh san véi muc dich bao vé khoi
s6ng, gio tai moi truong lam viée, didu nay lam tang tinh an toan cho nhan vién lam viéc xung quanh san.
Ngoai ra san kéo cang dau giéng con duoc thiét ké dé d& cho cac tim tiéu chuan, ciing nhu céc thiét bi
phu tro phuc vu cho toan hé thdng kéo cing dau giéng. Vi du nhu 1a cau thang, cac xylanh treo thing
dung, cac duong dng thay lue dén cac xylanh...

Khi ¢ trang thai l1am viéc san kéo cang dau giéng s& duoc ha thap xudng bén dudi dam céng xon, sau
d6 ciing duoc chét bang hé théng pin chét va chdt vao céc 15 pin bén trén (upper hole pin). Tir trang thai
nghi sang trang thai hoat dong san duoc nang bang mot cong cu nang chuyén biét hoat dong bang khi
nén. Cong cu nay sé& khoa véi két cau cua cum kéo cing dau giéng va duoc két ndi véi can khoan treo vao
déau quay di dong (Top drive). Qué trinh nang lén va ha xubng cua san nhd vao toi khoan. CAc trang théi
hoat dong cua san kéo cang dau giéng dwoc miéu ta nhu sau: San kéo cang dau giéng duoc thiét ké voi
hai trang thai 1am viéc va nghi. Khi san kéo cang dau giéng ¢ trang thai nghi s& dugc b tri & cao d6 1070
mm (ABCL) so véi duong gdc ciia dam cong xon. Pugc ¢b dinh bang hé thdng pin chdt va chét vao cac
15 pin bén dudi (lower hole pin). Céc pin chét nay duoc lién két véi dam két ciu cong xon, ¢6 kha ning
chiu tai dén 272 tan.

Ngoai ra, do hé hoat dong chinh I bang thity lyc (ngoai trir bd cong cu nang) nén hé thong kéo cing
dau giéng s& bao gdom cac thiét bi phu trg nhur:

- Ngudn cap thay lyc: st dung cac bom piston dé bom thiy luc tir mot bé chua chinh dén céc thiét bi
sir dung, cac bom nay lam viéc nho dong co dién. Cum cap thay luc duoc thiét ké cac hé thong van va
duong 6ng cung cip dau, dwong dng tudn hoan cua dau, dudong diu di qua quat 1dam mét, hé thong dugc
tich hop céc bang diéu khién rat thuan loi va tién dung. Cum cip thuy luc dwoc trang bi cac ddng hd do
&p suat thuy luc, cac thiét bi loc tai duong cap va dudng tuan hoan cua dau thuy luc. Cac thiét bi loc nay
s& ¢6 canh bao dén khi dau thay luc khong du sach dé dam bao cho hé thdng lam viéc. Ap sut thiy luc
t6i da tao ra boi cac bom piston 1 207 bar.

- Tram van (Valve Station): c4c tram van (valve station) véi muc dich nhu 1a tram trung chuyén dau
thay luc dén cac xylanh tiéu thu. Hé théng gom nhiéu cac xylanh duoc b tri tai nhirng vi tri khac va di
chuyén dugc, cho nén viéc thiét ké cac tram van s& rét tién loi. Nho d6, s& giam thiéu dugc tinh phuc tap
cua cac hé thong éng dan dau thay luc dén tirng thiét bi nho va lam cho viéc diéu khién s& thuan tién hon.
Céc tram van dugc tich hop cac van dién tir (Solenoid valve) diéu khién bang tin hiéu dién va két ndi téi
bang diéu khién dat ngay canh san kéo cang dau giéng.

- Binh tich 4p (Accumualor Assembly): Hé thong kéo cing dau giéng hoat dong bing thuy luc, binh
tich ap dwoc sir dung véi muc dich can bang lai sy bién thién &p suat thuy luc trong hé khi cum kéo cang
dau giéng chinh va phu lam viéc, cho nén ap suit cia hé thdng ludn on dinh dudi nhitng diéu kién moi
truong khac nhau. Binh tich &p str dung khi ni to ban ddu duoc nén dén &p suat 47 bar, sau d6 s& ding dau
thiy luc nap vao dé nén dén &p suat lam viéc cua hé thong 1a 180 bar.

2. Giai phap bé tri thiét bi
2.1. H¢ théng kéo cang ddu giéng (CTS)

Déi véi hé thong kéo cang dau giéng, viéc bé tri cac cum thiét bi cua hé thdng trudc tién phai dya trén
ban vé& co sd. Phai ¢am bao dugc cac yéu cau vé van hanh, bao tri ciia tirng cum thiét bi ciing nhu yéu cau
Vé nang cap cai tién hé thong trong tuong lai va viéc két ndi cac hé thong dugc dé dang, don gian nhét co
thé. Dua vao nhitng yéu cau dé viéc bé tri cho tirng cum thiét bi duoc x4c dinh nhu sau:

B4 tri cum kéo cang dau giéng chinh: nhu da biét cum kéo cing dau giéng chinh hoat dong dé tao ra
lyc cang thing dimg tic dong vao cot éng chong ndi tir dau giéng I1én san khoan (tam giéng trén san
khoan) va su 6n dinh tam cho cot éng chdng ndy. Cum kéo cing dau giéng duoc I4p dit trén san kéo cing
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dau giéng, cho nén viéc b tri cum kéo cing dau giéng chinh la quy vé viéc bd tri san kéo cang dau giéng
(CTP). Bé dam bao tinh can bang cua hé thong san kéo cang dau giéng duoc bd tri sao cho tm phai nam
trén duong tdm caa dam cong xon.

San kéo cing dau giéng duoc bé tri & cao d6 1070 mm so voi dudng co s cia dim cong xon, tm san
nam trén duong tm cua dam cdng x6n va khoang cach tir tim dén bén trai va phai caa dam céng xon la
9122 mm.

2.2. Tram van, binh tich &p va céc bdng diéu khién

Pé thuan tién cho viéc két ndi duong éng thay luc tir cum cép thay luc dén cac xylanh trén san kéo
cang dau giéng. Tram van va binh tich ap ciing duoc b tri & cao do 1070 mm so véi duong co sd cua
dam cong xdn, tram van va binh tich ap dwoc bé tri gan nhau. Tir nhimg diéu kién van hanh va bao tri cua
tirng thiét bi va khoang khdng cho phép ciia dam cdng xén, tram van va binh tich ap dwoc bé tri tai bén
trai va cach vach dam cong xén 270 mm, binh tich 4p va tram van cach nhau 290 mm.

Déi véi bang diéu khién ciia cum kéo cing dng dau giéng chinh va bang diéu khién hé thong trugt céc
tam tiéu chuan, nhitng thiét bi nay phai dugc bd tri tai vi tri ¢&& dam bao quan sat dwoc todn hé thbng mot
cach tét nhat. Do vay bang diéu khién cho cum kéo cing dau giéng sé& duoc b tri tai bén phai cua dam
cong x6n, & cao dd 1070 mm so vé&i duong co sé caa dam cdng xon. Tir cao @ nay khi hé théng van hanh
s& quan sat duoc toan bo cum kéo cang dau giéng chinh. Twong tu ddi voi bang diéu khién cho hé théng
trugt céc tAm tidu chuan s& dwoc bé tri tai cao d6 1070 mm so véi dudng co s¢ cua ddm cong xon nhung
s& gan véi duong tam cua san kéo ciang dau giéng dé quan sat duoc hé thdng truot dugc tét nhit. Nhitng
thiét bi nay ciing khong yéu cau nhiéu vé bao tri va nang cép trong twong lai, nén s& duoc bd tri gan vai
céc véch cua dam cong xon.

2.3. Cum kéo cing dau giéng phu tro'va cum cap thay lec

Cum kéo cang dau giéng phu trg dwoc b tri ngay phia dudi san khoan va dwoc treo vao két ciu cua
dam cong xon, dwoc bd tri tai hai bén trai va phai cach tam giéng 1022 mm. Piéu nay dam bao cho cot
dng chéng sé& trung voi tdm giéng, dam bao duoc yéu cdu on dinh tdm caa hé thdng. Cum cép thay hec
dugc b tri tai san 1070 mm so véi dudng co sé cua dam cong x6n, dé dam bao yéu ciu van hanh va bao
tri d& dang cum cap thay luc duogc b tri cac dam cong xo6n it nhat 12 990 mm va tai bén trai cua dam cong
xon.

3. Két luan

Hé thdng kéo cing dau giéng dong vai trd quan trong trong viéc 6n dinh tdm cua cot dng chdng, gitp
cho hoat dong khoan duoc tién hanh 6n dinh va an toan. D4i véi cac gian khoan ty nang, viéc thiét ké he
thong CTS can phai tinh dén anh huong cua moi truong va diéu kién 1am viéc nhu d6 sdu muc nudc cua
khu vyc khoan, tai trong va cac dao déng gay ra do séng va dong chay ciia moéi truong. ..

Viéc nghién ciru chi tiét vé& nguyén ly lam viéc, cong ning va tac dung cua ting thiét bi trong hé thong
kéo cing dau gleng, cling nhu viéc bd tri tirng thiét bi trong hé théng dap tng duoc yéu ciu van hanh, bao
tri v nang cap trong tuong lai 1a rat can thiét. Bac biét, trong giai doan hién nay, khi chu truong ndi dia
hoa cua nganh ché tao céc thiét bi cho gian khoan ciia nudc ta con dang trong giai doan dau cua sy phét
trién. Nhitng nghién ciru co ban vé hé théng CTS sé 1a co so dua ra nhitng dinh huéng thiét ké cac thiét bi
cua hé théng kéo cang dau giéng tai Viét Nam nham giam chi phi, va dap tmg duoc yéu cau ngay cang
noi dia hoa cac hé thong thiét bi trén gian khoan ma van dap tng dugc nhitng tiéu chuan qudc té va van
hanh 6n dinh véi méi truong bién Viét Nam.
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ABSTRACT
Study on conductor tensioning system of jack-up rig

Nguyen Van Thinh?, Nguyen Dong Anh?, Nguyen Van Thin?, Hoang Anh Dung?

'Hanoi University of Mining and Geology
Zpetrovietnam Marine Shipyard JSC (PV Shipyard), Vietnam

Offshore oil and gas exploration activities in Vietnam are moving towards to go further away from the
shore with the increase of water depth. The drilling rigs have to operate in deeper water area and require
greater flexibility in drilling multiple wells in one area. That means the working conditions and
environment-are getting more extreme. For the jack-up rig, the Conductor Tensioning System (CTS) is an
important equipment combination system designed to create vertical tension on the casing from the
wellhead to the drill floor, as well as stabilize the center of the pipe. When the CTS system is in
operation, the traction make the casing stable and against waves, winds and so forth. To ensure the safety
of drilling in deep water area, this system needs to be more developed to meet the mentioned
requirements above. This article presents detailed studies of the CTS system based on the analysis of the
its functions and factors that influence the its operation. The results of this study are the basis for the
designing directions of CTS equipments in Vietnam, meeting the requirements which increasingly
localize the equipment system on drilling rigs, while ensuring the International standards and stable
operation, being suitable to the marine environment of Vietnam.

Keywords: Conductor Tensioning System, Juc-kup Rig, Deepwater Drilling Equipment
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E\R;S % HOI NGHI TOAN QUOC KHOA HOC TRAI DAT
EANIH BOIENGES MO VA TAI NGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Tong quan veé giai nguoc to hop tai lidu dia vat ly
Kiéu Duy Théng*
L Trirong Pai hoc Mo - Pja chadt

TOM TAT

Trong thuc té hinh anh cua cac d6i tugng khao sat thuong khong duoc thé hién tryc tiép tir s6 liéu do dia
vat Iy, ma chiing dugc xay dung théng qua qua trinh xi ly va minh giai tai liéu. Budc thiét yéu dé bién sb
liéu dia vat ly thanh cac hinh anh nay Ia qua trinh giai ngugc. Véan dé nan giai nhat cua giai nguoc tai ligu
dia vat ly 1a sy da nghiém, nghia 14 s& ¢ vo s6 md hinh vat 1y cé thé hop véi s6 liéu do dugc trong mot
khoang nhiéu nhat dinh. Giai nguoc to hop tai liéu ciia cac phuong phéap dia vat Iy da va dang dugc sir
dung nhu mot phuong thirc rat hiéu qua dé lam giam tinh da tri. Co s¢ cua viéc su dung t6 hop céc tai liéu
nay Ia mdi phuong phap dia vat Iy nhay véi cac ddi tuong dia chat khac nhau, nén viéc sir dung thdng tin
hd trg tir cic phuong phap dia vat Iy s€ han ché duoc sy da nghiém caa md hinh giai nguoc. Hai van dé
cdt 16i cua giai nguoc to hop cac - phuong phép dia vat ly la: (1) cach thirc thuc hién giai nguoc t6 hop tai
liéu dia vat ly va (2) thiét lap mbi tuong quan gilra cac mo hinh cua cac phuong phép thanh vién. Trong
bai nay chlng toi trinh bay téng quan vé cac phuong phap giai nguocC cua t6 hop tai li¢u dia vat ly. Trén
co s6 d6 dé xuat mot sé phuong phap c6 kha nang ap dung dé giai quyét mot s6 nhiém vu & Viét Nam.

Tir khoa: giai nguo'e, dia vat ly, t6 hop

1. Giéi thigu

Giai nguoc tai lidu dia vat Iy (VL) 1a mot cdng cu quan trong bac nhét trong xir ly va phan tich tai
licu DVL. Tai liéu DVL do dac thyc dja trén mat dat thuong khéng phan anh tryc tiép mo hinh dia chat
dudi mat dat, ma can c6 mot qué trinh chuyén tir s liéu do dac thanh md hinh phan bé tinh chit vat ly
trong khong gian dudi mat dat, quéa trinh nay goi & qué trinh giai nguoc tai liéu DVL, goi tit 1a giai
nguoc. Van dé quan trong nhat trong giai nguoc 1a 1am sao han ché dugc tinh da nghiém cua bai toén,
diéu nay gay ra bai cac yéu té nhu nhiéu, sé lwong tham sb can phai xac dinh nhiéu hon tham sb da biét
trong cac phuong trinh giai nguoc, han ché caa md hinh toan hoc, du cong cu tinh toan c6 manh dén dau
thi ciing rat kho dé md ta duoc thuc té dia chat (Fernandez-Martinez et al. 2013). C6 nghia l1a s& c6 vo sb
mo hinh phan bé tinh chat vat 1y duéi mat dat cd thé giai thich két qua do trén mat dat trong mot khoang
nhiéu nhat dinh. Do vay, qua trinh giai nguoc dia vat Iy can c6 thém thong tin dé han ché tinh da tri, hay
1am hep mién nghiém cua bai toan.

Trén thé giéi giai nguoc tai liéu DVL da phat trién tir nhitng ndm 1960 ciia thé ky 20, nho sy phét trién
cua mdy tinh dién ti va ly thuyét giai nguoc tai liéu BPVL (Treitel and Lines 2001). Mot trong nhitng dau
mébc quan trong nhat 1a cac cong trinh cia Levenberg (1944); Marquardt (1963); Backus and Gilbert
(1967); Tikhonov and Arsenin (1977). Cac cong trinh ndy trinh bay co s& toan hoc dé giai bai toan
‘khéng dung dén’ (“ill-posed’) va giai nguoc tai liéu DVL 4p dung phwong phap sb, 1a nhirng van dé nén
moéng cua giai nguoc DVL. Tiép dén, 1a van dé giam tinh da nghiém cua bai toan giai nguoc. Van dé nay
dan dén sy phét trién cua cac ky thuat giéi han nghiém (constraint) cia qua trinh giai ngugc. Ky thuat
dugc sir dung phd bién nhit trong BVL 1a dya vao cau tric md hinh cyc tiéu (minimum-structure hoic
Occam’s), k¥ thuat nay lya chon nghiém cua qua trinh giai ngugc ¢ cau tric don gian nhat, vi du nhu sb
I6p trong giai nguoc tai liéu 1D 1a nho nhét hodc do tron ctia mo hinh (smoothness), hay d6 gap ghenh
(roughness), mo hinh dwgc chon cé su thay ddi tinh chat vat ly giita cac diém gan nhau la nho nhat
(Constable, Parker and Constable 1987). Ky thuat nay thé hién su hiéu qua, va tinh én dinh trong qua
trinh giai nguoc nén sé& van duoc sir dung rong rai trong tuong lai (Farquharson and Leliévre 2017).

~ Tuy nhién, ky thuat nay c6 nhugc diém co ban la n6 c6 thé tao ra md hinh khac xa véi diéu kién thuc
té dia chat. M6 hinh giai nguoc theo tiéu chuan d6 tron lam cho su thay doi tinh chat vat ly gitra cac diém

* T&c gia lién h¢
Email: kieuduythong@humg.edu.vn
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gan nhau 1 nho nhat (smoothness), nhung diéu nay trong nhi¢u truang hop thuc té dia chét la khdng hop
ly. Trong thuc té dia chat, su thay d6i moi truong mot cach tir tir ¢0 thé tim thiy trong moi truong da tram
tich, vi du mat do dat d, van toc song dia chan, dién tro suat tir trén xudng dudi trong da tram tich ting tir
tr. Nhung céac ranh glO‘I gitta da tram tich va da magma co thé co su thay doi dot ngot cac gia tri mat do,
van toc song dia chan va dién tro suat. Do vay, van dé xay dung cac md hinh giai nguoc ¢ su thay doi
dot ngot ve tinh chat vat 1y dang dugc quan tam nghién ctu, dua vao tiéu chuan (norm) cua tinh khoang
cach hoic sai s6 (Sun and Li 2014), hoic dua thém tiéu chuan han ché nghiém (Sun and Li 2015).

Mot phuong phéap khac hitu hiéu dang dugc sir dung rong rai trén thé gisi hien nay la sir dung t6 hop
tai liéu cac phuong phap DVL dé giai nguoc (Vozoff and Jupp 1975; Lines, Schultz and Treitel 1988;
Paasche and Tronicke 2007; Gallardo and Meju 2011; Moorkamp et al. 2011; Sun and Li 2015; Heincke
et al. 2017; Moorkamp 2017). Do cdng nghé¢ do ghi DVL phit trién nhanh chéng lam cho qua trinh do
thuc dia nhanh, gia thanh ha va do dong thoi dwgc nhiéu phuong phép trén cung khu vuc khao sat. Cong
v6i ning luc tinh toén cua may tinh ngay cang manh. Nén viéc xir ly to hop tai liéu cac phuong phap
DVL ngay cang phat trién. Co s¢ dé thuc hién viéc to hop tai liéu cia cac phuong phap DVL khac nhau
VAo trong mot qua trinh giai nguoc 1a sir dung cac thdng tin hd tro tir cac phuong phap thanh vién dé han
ché tinh da tri cua bai toan giai ngugc.

Trén thé gi6i da c6 nhidu nhitng nghién ctiu vé giai nguoc to hop dia vat |y va tng dung trong cac linh
vuc khac nhau d3 dwoc cong bd (Oldenburg and Pratt 2007; Paasche and Tronicke 2007; Virieux and
Operto 2009; Gallardo and Meju 2011; Moorkamp et al. 2011; Stefano et al. 2011; Gallardo et al. 2012;
Sun and Li 2015; Paolo, Giancarlo and Fabio 2016; Farquharson and Lelievre 2017; Heincke et al. 2017;
Moorkamp 2017). Trong thuc té nghién ctu ¢ Viét Nam, van dé giai nguoc tai licu BVL van chua duoc
quan tam ding mac. Hinh 1 thé hién mot vi du cho van d& nay. Do vay, van dé giai nguoc tai lisu DPVL
tlen hanh & Viét Nam, can phai duoc thic ddy hon nira. Trong bai bao nay tac gia s trinh bay téng quan
vé giai nguoc t6 hop tai liéu BVL, v6i mong mu0n cung cip thong tin chung vé giai nguoc tai licu t6 hop
DVL trén thé gidi. Tur d6 thao luan mot sb van dé vé kha nang ap dung giai nguoc t6 hop cac phuong
DVL giai quyét mot s van dé o Viét Nam.

» e o)

Hinh 1. Két qua tim kiém véi tir khéa “inversion” trong trang mang https://pubs.geoscienceworld.org/
(thoi gian truy cdp 18 gio, ngay 27, thang 9, nam 2018). Mai biéu twong Vi tri danh dau mét két qua
nghién cizu dwoc tién hanh tai vi tri @6, néu c6 nhiéu diém gan nhau, khong thé hién duoc bang biéu

twong, thi dwoc danh dau bang chir sé trong dau tron. (a) Thé hién céc két qua nghién cizu tién hanh tai
cac khu vic tir Chau My sang Chau A, cac khu viec ¢6 nhiéu nhién cizu chi yéu chiza nhiéu tai nguyén
khoang san, hodc noi ¢é hoat déng kién tao manh. (b) Két qua nghién cizu trén cac khu vuc Viéet Nam va
viing phu cdn. Khong cé mét két qua ndo thyc hién trong 1anh thé dat lién cua Viét Nam, chi cé mgt vai
cac nghién cizu trén ving bién da duroc cong bé trén céc tai lieu lién quan dén gidi ngueoc trong co sé div
liéu cua trang mang nay.

2. Giai nguorc tai li¢u dia vat ly
2.1. Gidi thigu co ban vé gidi ngwoc tai liéu dia vat ly
Giai nguoc tai liéu PVL 1a qua trinh xac dinh sy phan bd tinh chat vat 1y trong khong gian dudi mat

dat tu tai lieu do dugc. Thong thuong hign nay gidi nguoc thuong dwoc thuc hién bsi qua trinh giai lap,
cuc tiéu héa ham sau:

B =0y + (0 1)
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trong d6 @4 1a do khop (misfit) hay sai sb (error) giira tai liéu do dugc va tai ligu ly thuyét tinh toan tir md
hinh, @, danh gia tham s6 md hinh, c6 thé 1a do tron (smoothness) nhu trong nghién ciru ciia Constable,
Parker, and Constable (1987), hoic bao gom thém céc k¥ thuat han ché nghiém khac nhu trong cac cong
trinh cua Tarantola and Valette (1982); Sun and Li (2014); Menke (2015); Sun and Li (2015). 3 (Lagarian
regulerization parameter) 1a tham sé can bang gitra sai s6 giita s6 liéu va tham sb cu tric md hinh
(Tikhonov and Arsenin 1977).

Hinh 2 thé hién qua trinh giai nguoc, trong qué trinh nay tir tham s6 mé hinh tinh toan dugc s ligu
tinh toan ly thuyét (giai thuan), day 1 bai toan don nghiém, mdi mé hinh s& cho mot tap sé lidu cu thé.
Sau d6, so sanh véi s6 lidu thuc dia s& xac dinh duoc sai s6. Thong tin ndy cling véi thdng tin tién nghiém
vé mo hinh duoc dwa vao qua trinh cap nhat md hinh. Qua trinh cap nhat nay s& dung lai khi sai so gitra
tai ligu mo hinh va sé liéu thuc dia nho hon mot s6 xac dinh trudc hoac s6 1an lap vuot qua sé 1an lap qui
dinh (diéu nay dé tranh viéc chuong trinh s& chay mai mai khi qué trinh giai ngugc roi vao tinh trang
phan ky). Luu y 12 qua trinh giai nguoc s& ¢6 thé cho nhiéu mo hinh két qua khéc nhau véi ciing mot
khoang sai s6. Van d& nay dat ra cho cac nghién ciru vé giai nguoc tai liéu DVL 1a lam sao dé xac dinh
dugc mo hinh giai nguoc véi d6 tin cdy. Giai nguoc t6 hop tai liéu BPVL 1a mot giai phap cho van dé nay
s& duoc trinh bay trong phan tiép theo.

Giai thua Giai
— nguge
?

&

Hinh 2. So d6 mo ta qué trinh gidi thudn (forward) la qud trinh tinh todn trieong PVL khi biét mo hinh
phan bé tham sé vt Iy duwdi mat ddt, day la qud trinh don nghiém. Nguwoc lai qué trinh bién doi so liéu
PVL do dwoc thanh md hinh phan bé cac tham sé vdt Iy dwdi mat ddt la qud trinh da nghiém, sé ¢6 Vo s6
mé hinh c6 thé gidi thich sé liéu do duwoc véi mét mizc nhiéu nhat dinh. Han ché nghiém dé xac mé hinh
hop Iy 1 vdn dé nan gidi nhdt cia qué trinh gidgi ngueoc cia PVL tir truedc téi nay.

2.2. Gidi nguwoec té hop tai liéu dia vt ly

Giai nguoc t6 hop DVL 1a mot bai toan phuc tap trong van dé téi wu hoa. Két qua cua giai nguoc to
hop tai liéu BVL 1a nham xay dyng mé hinh DVL gan véi thyc té dia chat hon 1a qua trinh giai nguoc tai
liéu tir cac phuong phap DVL riéng 1é. Trén co s¢ thuc té 1a mdi phuong phap DVL nhay véi cac ddi
tuong dia chat khac nhau nén cac thdng tin bé tro tir cac phwong phap thanh vién s& gilp han ché tinh da
nghiém. Van dé quan trong nhat cua qua trinh nay 1a lam sao xac dinh dwoc mdi lién két gitra cac moé hinh
giai nguoc cua cac phuong phap khac nhau. C6 hai cach lién két co ban Ia sir dung ciu tric va sir dung
vat ly thach hoc. Vén dé tiép dén la cach thiic giai nguoc té hop, ¢ hai cach thic co ban la giai ngugc
ddng thoi va giai nguoc tir phan td hop cac phuong phap DVL (Lines, Schultz and Treitel 1988).

Thiét Igp moi lién két giira cac md hinh cia qua trinh gidgi nguroc té hep tai lidu

Qué trinh giai nguoc t6 hop cac phuong phap DVL dya vao méi lién két giira cac mé hinh giai nguoc.
Thi nhét 12 lién két cau trac (structural links), trén co s& |a su thay ddi tai cac danh giGi dudi mat dat xay
ra dong thoi vai cac tham sb vat ly khac nhau. Vi du ranh gidi giita moi truong da tram tich va ¢da magma
thuong gay ra su thay d6i vé dién tro suat va tra khang &m hoc, do vay day sé& la ranh gioi chung ciia md
hinh cua hai phuong phap tham do dién tré suat va dia chan phan xa. Tuy nhién diéu nay khdng phai lic
nao ciing xay ra trong thuc té dia chit, nghia 1a ranh gi¢i cia mé hinh dién tré suat khong phai 1a ranh
gigi cua md hinh tr khang am hoc. Bé khic phuc diéu nay mot trong nhitng k¥ thuat dugc sir dung rong
rai hién nay la gradien chéo (cross-gradient) dugc dé xuit bai Gallardo and Meju (2003). Ky thuat nay
dugc trinh bay tdng quan trong cong trinh cua Gallardo and Meju (2011).

93



Thir hai 1a lién két vat ly thach hoc (petrohysical links). Cac tham sb cta cac mé hinh giai nguoc duoc
xéac dinh dya vao nhiing qui luat nhat dinh, d6 c6 thé 1a cac cac phuong phap dua vao cing tham sé moi
truong vi du nhu cac phuong phap thim do dién clng chung tham sé dién tro suat (Vozoff and Jupp
1975), hodc d6 1a ham phan tich hoi qui cua cac tham sé moi truong khac nhau (Heincke et al. 2017),
hoic cac qui luat thong ké (Paasche and Tronicke 2007; Sun and Li 2015).

Ca hai lién két cau triic va vat Iy thach hoc nay déu c6 nhung wu nhuge diém khac nhau (Moorkamp et
al. 2011; Farquharson and Leliévre 2017; Heincke et al. 2017). Nén viéc két hop duoc ca hai lién két nay
trong cing mot qua trinh c6 thé s& lam cho qua trinh giai nguoc tét hon (Leliévre, Oldenburg and
Williams 2009; Kieu, Kepic and Pethick 2016).

Gidi nguroc dong thoi tai liéu dia vat Iy (joint inversion)

Giai nguoc t6 hop s liéu cua cac phuong phap DVL khac nhau duoc tién hanh trong cling mot qué
trinh (Hinh 3a), cac md hinh cua cac phuong phép thanh vién c6 mdi lién két theo cau tric (Gallardo and
Meju 2003) hoac vat ly thach hoc (Heincke et al. 2017). Qud trinh nay xay dung dugc cdc mo hinh théa
man cac diéu kién vé sai sb giita s6 liéu thuc dia va s6 liéu mé hinh, cac diéu kién vé mé hinh, vi dy, nhu
dd tron, va cac diéu kién rang budc giira cac tham sé caa md hinh. Néu cac diéu kién lién két giira cac mo
hinh dugc xac dinh chinh xac thi qua trinh giai nguoc ny sé& cho cac md hinh két qua tét hon 1a giai
ngugc riéng biét tirng phuong phap (Vozoff and Jupp 1975; Lines, Schultz and Treitel 1988; Gallardo and
Meju 2011; Heincke et al. 2017). Uu diém cua phuong phap giai nguoc nay la cé thé ddng thoi cap nhat
cac tham s6 cia mo hinh ciia cac phuong phéap thanh vién, nén né c6 kha nang tan dung téi da cac thong
tin twong hd cla cac phuwong phap thanh vién trong qua trinh giai nguoc.

(a) Lién két
/
DPVL 1 MHBD 1 MHBD 2 bVL 2
» Giai nguoC |
MH 1 < > MH 2
Cap nhat
(b) PVL 1
Lién két |«——| MH1 || Giainguoc —
l MHBbD 2
MHBD 2 1

—— GidinguoC |—| MH2 |——| LiénKét

DbVL 2

Hinh 3. Sor do biéu dién hai qué trinh gidi nguoc té hop tai liéu PVL, (a) giai nguoc dong thoi (joint
inversion), trong do tdi liéu Cua cdc phwong phdp thanh vién dwoc dwa vao trong cung mot qué trinh
va (b) gidi ngueot ldn leot (Co-operative inversion), cdc phwong phdp dwot gidi nguweoc lan lwot ké
tiép nhau. Ca hai cach gidi nguroe d@éu can biét moi lién két (link) giza cac mé hinh gidi nguwoc. Céc
tir viét tar: DVL — Dia vdt Iy; MHBP — M6 hinh ban dau; MH - M6 hinh.

Tuy nhién, vin dé kho khan nhat cua giai ngugc dong thoi sb liéu cua to hop cac phuong phap BVL 1a
lam sao can bang dugc cac loai sb lieu khac nhau trong cing mét qué trinh (Lines, Schultz and Treitel
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1988). Vi céc s6 liéu cua cac phuong phap khac nhau c6 d6 phan giai va thir nguyén khac nhau. Van dé
nira la khi gop cac mang s li¢u cia cac phuong phap thanh vién vao cing mot qua trinh tao ra mot bai
toan vai kich thudc cac mang di liéu 16n, dan dén kho khian cho cong viéc tinh toan.

Gidi nguot lan lwot tai liéu dia vat ly (co-operative inversion)

Mot cach thic nita dé thuc hién qua trinh giai nguoc t6 hop céc s6 liéu BVL 1a giai nguge cac phuong
phép ndi tiép nhau, két qua cia qua trinh giai nguoc cia phuong phap trude duoc dua vao dau vao cho
Qué trinh giai nguoc ciia phuong phap sau (Hinh 3b). Trong qué trinh nay, cic s lidu cua cac phuong
phép thanh vién duoc giai nguge doc 1ap nén co thé han ché nhugce diém cua qua trinh giai ngugce dong
thoi to hop sb liéu, néu & phan trén. Tuy nhién, n6 c6 nhuge diém l1a khong thé tan dung téi da thong tin
tuong hd cuia cac phuong phép thanh vién trong qua trinh giai ngugc. Vi dy, trong qua trinh giai nguoc to
hop cuia hai phuong phap dién tré va phuong phap dia chan, thi ngoai viéc chon phuong phap nao chay
giai ngugc trudc 12 mot van dé, van dé khéc nita 1a dong gop cua phuong phap dién (phuong phap c6 do
phan giai thép) cho md hinh cudi cuing s& bi han ché.

2.3. X ly tong hep két qud gidgi ngwec (intergration of models)

Két qua cudi cung cua qué trinh giai nguoc 1a xay dung mé hinh dia chat — DVL, cau hoi dat ra 1a 1am
sao dé két hop cac mo hinh cua cac phuong phap PVL trong xay dung mo hinh dia chat. M6 hinh két hop
dugc xay dung bang ky thuat anh dia phd (geospectral image) nhu trong cong trinh cua (Gallardo et al.
2012), hodc phan tich trong quan thong ké (Bedrosian 2007). Theo chling tdi, mét trong nhimng phwong
phap duoc xir dung hiéu qua nhat hién nay 1a sir dung cac ky thuat phan tich anh, trong 6 phé bién nht
Ia st dung cac k¥ thuat phdn nhém mo (Paasche and Tronicke 2007; Sun and Li 2015; Kieu, Kepic and
Le 2017).

3. Ung dung giai nguoc giai quyét mot s6 nhiém vu ¢ Viét Nam
Nghién cizu cau trac lon

Céc phuong phap DVL 1a cong cu khdng thé thiéu trong céc nghién ctu cac ciu tric 16n & Viét Nam,
nhu nghién ctru cac dut gdy Song Hong, hoic cac bé tram tich Séng Hong, S6ng Ciru Long. Cac phuwong
phap DVL di va dang duoc sir dung c6 hiéu qua nhét dinh trong viéc xac dinh cau tric dia chat dudi sau.
Tuy nhién cac nghién ciru cha yéu sir dung céac phuorng phap DVL mot cach doc lap, va két qua cua céc
phuong phap DVL duoc két hop trong minh giai ciu trac thuong do ¥ twong chi quan cua ngudi phan
tich. Sir dung giai nguoc t6 hop cac phuong phap DVL con han ché. B4i véi nhiém vy nay chung t6i dé
Xuit mot s6 t6 hop co ban cac nhom phuong phap DVL nghién clru ciu tric siu nhu sau:

(1) Nhom cac phuong phap truong thé. Mo hinh cac phwong phap truong thé thuong c¢d cau tric
gidng nhau nén chung t6i dé xuat sir dung phuong phap giai nguoc to hop (c6 thé ca dong thoi
va lan luot) dya vao ciu trdc, nén sir dung ki thuat gradien chéo (cross-gradient).

(2) Nhom phuong phap dia chan va trong lrc. Co sé dé sir dung cac phuong phép nay ngoai viéc cac
tham s& mo hinh cua dia chin ciing c6 mat do dit da 1a tham sb moé hinh trong luc, thi lién két
gitra mat do va van tc song dia chan thuong dé xac dinh. Vi nhoém phuong phap nay co thé sir
dung ca hai qui trinh giai ngugc dong thoi va lan luot dua vao lién két cau trdc va vat ly thach
hoc. M6 hinh mat d6 cta phwong phép trong luc ¢6 thé bd sung thong tin cho mé hinh cia dia
chan, nguoc lai théng tin tir dia chan c6 thé tang do phan gii ciing nhu han ché sy twong duong
trong md hinh giai nguoc ctia phuong phap trong luc.

(3) Nhom cac phuong phap dia chan va tir tellua. Néu c6 thé xac dinh dugc méi lién hé giita hai mo
hinh nay, vi du doi dap vo ciia dut gay thuong cé dién tra suat nho va van toe song dia chan nho,
ranh gioi giira da tram tich va da gdc thuong ciing 1a ranh gidi dia chan va dia dién. Thi viéc st
dung t& hop nay s& mang lai hiéu qua tét hon 1a sir dung ting phuong phap doc lap. Phuong
phap dia chan c6 thé cung cip thdng tin v& ciu trac cho phuong phap tir tellua 13 ting do phan
giai va han ché sy tuong duorng cho phuong phap nay, ngugc lai phuong phap tir tellua ciing co
thé cung cap céc thdng tin vé cau trac va méi truong giira cac ranh giGi cho phuong phap dia
chan.

Trong tham do va khai thac dau khi
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Trong tham do va khai thac dau khi hién nay ngoai viéc tan dung tdi da cac thong tin DVL giéng
khoan phuc vu cho qué trinh giai nguoc (Kieu and Kepic 2018), thi viéc két hop phuong phap dién va dia
chan cho hiéu qua cao (Heincke et al. 2017). Phuong phap dia chan c6 thé cung cp thong tin tuong hd vé
cu triic cho phuong phap dién nguoc lai phuwong phap dién c6 thé cung cap thdng tin vé vat ly thach hoc.

Trong tham do khoang san, dia chat thiy van, dia chdt cong trinh va méi triong

Trong tham do cac mo khoang san kim loai, dia chét thuy van & Viét Nam, cac phuong phap tham do
dién dong vai trd chu dao. DSi v6i cac nhiém vy dia chit cong trinh va méi trudng phuwong phéap dién
cling c6 vai tro quan trong. Nén trong nhung nhiém vu nay viéc sir dung cac phuong phap dién la mot
trong nhitng to hop quan trong nhat, tiép dén 1a to6 hop cac phuong phéap dién va cac phuong phap dia
chan.

(1) Té hop cic phuong phap dién dién tro, phan cuc kich thich, va thé dién ty nhién trong tim kiém mo
da kim, tham do tim kiém nuéc ngam, theo ddi ngdm nudc trong than dé dap, theo ddi sy 6 nhiém
nuée dudi dat, va theo ddi hién twong nhidm min cac ddng bang ven bién, truot 1o dat da. Cac
phuong phap dién thuong c6 gia thanh thap, thi céng thuc dia don gian, nhanh hon phuong phép dia
chan va nhay véi cac ddi tugng nghién ctru nay. Cac phuong phap dién cé cling chung tham sé mo
hinh 1a dién tro suat hodc cac tham sé dién thuong cd moi lién hé mat thiét véi nhau. Hon nita cac
phuong phép nay thuong c6 thong tin tuong hd. Nén viéc sir dung té hop nay 1a c6 co so va lam ting
hiéu qua cua qué trinh xir ly s6 liéu.

(2) Cac phuong phap dién néu trén c6 thé két hop véi phuong phéap Rada xuyén dat phuc vu cho céc
nghién ctru tang ndng nhu trong khao sat dé dap, duong giao thdng.

(3) Tuy vao diéu kién va nhiém vu cu thé cac phuong phap dién cé thé két hop véi cac phuong phap dia
chan phan xa, dia chan khic xa cho cac khao sat phuc vu dia chét cong trinh, nghién ctu va theo dai
truot 1o dat da.

(4) Trong tham do nghién ctru cac bé than Quang Ninh, tham do than ddng bang Séng Hong, Séng Ciru
Long c6 thé sir dung té hop cac phuong phap tir tellua, trong huc va dia chén.

4. Két luan

Giai nguoc dong vai tro then chdt trong qua trinh xu ly tai liéu DVL, day 1a bude chuyén tir sé liéu do
dac thanh cdc md hinh phan bé céc tinh chét vat 1y dé tir d6 giai thich céc thong tin vé dia chét. Trong bai
bao nay chlng toi trinh bay tong quan vé qué trinh giai nguoc té hop cac phuong phap DVL. Bao gom
phuong phép giai nguge dong thoi va phuong phap giai nguoc lan luot. VAn dé quan trong nhat trong cac
phuong phap giai nguoc nay Ia thiét 1ap méi lién két giita cac md hinh cuia cac phuong phap DVL khac
nhau. Méi lién két nay dua vao hai hinh thie co ban 1a méi lién két cau trac va méi lién két vat ly thach
hoc. Trén co so thuc té ¢ Viét Nam chung toi dé xuat mot sé té hop cac phuong phap PVL giai quyét cac
nhiém vu nghién ctu cu tric sau, thim do khai thac dau khi, khoang san, nudc dudi dat, khao sat dia
chat cong trinh va méi truong.

Ngoai viéc sir dung to hop cac phuong phap dia vat 1y, thi cac phuong phap DVL ciing c6 thé dugc su
dung t6 hop véi cac thdng tin thude linh vuc khéc. Vi du viéc sir dung thdng tin tir mé hinh dia chit, dia
chat thiry van s& gilp giam tinh da nghiém cua bai toan giai nguwoc. O chiéu nguoc lai cac mé hinh dia
chit ciing c6 thé duoc kiém chiing bang viéc so sanh voi cac tai liu do VL. Didu nay, c6 nghia la cac
hai linh vuc dia chét va dia vat ly can phai duoc lién két chat ché hon dé giai quyét cac nhiém vy ngay
cang phuc tap va kho cua dia chat, thim do va khai thac tai nguyén ciing nhu bao vé méi truong.

Tai ligu tham khao

Backus, G. E., and J. F. Gilbert. 1967. "Numerical Applications of a Formalism for Geophysical
Inverse Problems.” Geophysical Journal of the Royal Astronomical Society 13 (1-3): 247-276. doi:
10.1111/j.1365-246X.1967.th02159.x.

Bedrosian, Paul A. 2007. "Mt+, Integrating Magnetotellurics to Determine Earth Structure, Physical
State, and Processes." Surveys in Geophysics 28 (2): 121-167. doi: 10.1007/s10712-007-9019-6.

Constable, Steven C., Robert L. Parker, and Catherine G. Constable. 1987. "Occam's Inversion; a
Practical Algorithm for Generating Smooth Models from Electromagnetic Sounding Data." Geophysics
52 (3): 289-300. doi: 10.1190/1.1442303.

96



Farquharson, C.G., and P.G. Lelievre. 2017. "Modelling and Inversion for Mineral Exploration
Geophysics: A Review of Recent Progress, the Current State-of-the-Art, and Future Directions"
Exploration ‘17. Integrating the Geosciences: The Challenge of Discovery, Toronto, Canada,

Fernandez-Martinez, J. L., Z. Ferndndez-Muiiiz, J. L. G. Pallero, and L. M. Pedruelo-Gonzélez. 2013.
"From Bayes to Tarantola: New Insights to Understand Uncertainty in Inverse Problems." Journal of
Applied Geophysics 98: 62-72. doi: 10.1016/j.jappgeo.2013.07.005.

Gallardo, L., S. Fontes, M. Meju, M. Buonora, and P. de Lugao. 2012. "Robust Geophysical
Integration through Structure-Coupled Joint Inversion and Multispectral Fusion of Seismic Reflection,
Magnetotelluric, Magnetic, and Gravity Images: Example from Santos Basin, Offshore Brazil."
GEOPHYSICS 77 (5): B237-B251. doi: doi:10.1190/ge02011-0394.1.

Gallardo, Luis A., and Max A. Meju. 2003. "Characterization of Heterogeneous near-Surface Materials
by Joint 2d Inversion of Dc Resistivity and Seismic Data." Geophysical Research Letters 30 (13): 1658.
doi: 10.1029/2003GL017370.

. 2011. “Structure-Coupled Multiphysics Imaging in Geophysical Sciences." Reviews of
Geophysics 49 (1). doi: 10.1029/2010RG000330.

Heincke, Bjorn, Marion Jegen, Max Moorkamp, Richard W. Hobbs, and Jin Chen. 2017. "An Adaptive
Coupling Strategy for Joint Inversions That Use Petrophysical Information as Constraints." Journal of
Applied Geophysics 136: 279-297. doi: 10.1016/j.jappge0.2016.10.028.

Kieu, D. T., A. Kepic, and C. V. A. Le. 2017. "Integration of Borehole and Seismic Data into
Magnetotelluric Inversion: Case Study over the Kevitsa Ultramafic Intrusion, Northern Finland”
Exploration ‘17. Integrating the Geosciences: The Challenge of Discovery, Toronto, Canada,

Kieu, D. T., A. Kepic, and A. M. Pethick. 2016. "Inversion of Magnetotelluric Data with Fuzzy Cluster
Petrophysical and Boundary Constraints.” In 25th International Geophysical Conference and Exhibition,
Adelaide, Australia, ASEG. 1-6. ASEG. doi: http://dx.doi.org/10.1071/ASEG2016ab220.

Kieu, Duy Thong, and Anton Kepic. 2018. "Integration of Borehole Data in Geophysical Inversion
Using Fuzzy  Clustering." ASEG Extended  Abstracts 2018 (2): 1-6. doi:
https://doi.org/10.1071/ASEG2018ABP083.

Lelievre, Peter G., Douglas W. Oldenburg, and Nicholas C. Williams. 2009. "Integrating Geological
and Geophysical Data through Advanced Constrained Inversions." Exploration Geophysics 40 (4): 334-
341. doi: doi:10.1071/EG09012.

Levenberg, Kenneth. 1944. "A Method for the Solution of Certain Non-Linear Problems in Least
Squares." Quarterly of Applied Mathematics 2 (2): 164-168. http://www.jstor.org/stable/43633451.

Lines, L., A. Schultz, and S. Treitel. 1988. "Cooperative Inversion of Geophysical Data." Geophysics
53 (1): 8-20. doi: d0i:10.1190/1.1442403.

Marquardt, Donald W. 1963. "An Algorithm for Least-Squares Estimation of Nonlinear Parameters."
Journal of the Society for Industrial and Applied Mathematics 11 (2): 431-441. doi:
doi:10.1137/0111030.

Menke, William. 2015. "Review of the Generalized Least Squares Method." Surveys in Geophysics 36
(1): 1-25. doi: 10.1007/s10712-014-9303-1.

Moorkamp, Max. 2017. "Integrating Electromagnetic Data with Other Geophysical Observations for
Enhanced Imaging of the Earth: A Tutorial and Review." Surveys in Geophysics. doi: 10.1007/s10712-
017-9413-7.

Moorkamp, Max, Bjérn Heincke, Marion Jegen, Alan W. Roberts, and Richard W. Hobbs. 2011. "A
Framework for 3-D Joint Inversion of Mt, Gravity and Seismic Refraction Data." Geophysical Journal
International 184 (1): 477-493. doi: 10.1111/j.1365-246X.2010.04856.x.

Oldenburg, DW, and DA Pratt. 2007. "Geophysical Inversion for Mineral Exploration: A Decade of
Progress in Theory and Practice" Exploration'07: Exploration in the New Millennium Toronto, Canada,

Paasche, H., and J. Tronicke. 2007. "Cooperative Inversion of 2d Geophysical Data Sets: A Zonal
Approach Based on Fuzzy C-Means Cluster Analysis." Geophysics 72 (3): 35-9. doi: 10.1190/1.2670341.

Paolo, Dell’ Aversana, Bernasconi Giancarlo, and Chiappa Fabio. 2016. "A Global Integration Platform
for Optimizing Cooperative Modeling and Simultaneous Joint Inversion of Multi-Domain Geophysical
Data." AIMS Geosciences 2: 31. doi: http://dx.doi.org/10.3934/geosci.2016.1.1.

Stefano, M., F. Andreasi, S. Re, M. Virgilio, and F. Snyder. 2011. "Multiple-Domain, Simultaneous
Joint Inversion of Geophysical Data with Application to Subsalt Imaging." Geophysics 76 (3): R69-R80.
doi: d0i:10.1190/1.3554652.

Sun, Jiagjia, and Yaoguo Li. 2014. "Adaptive Lp Inversion for Simultaneous Recovery of Both Blocky
and Smooth Features in a Geophysical Model." Geophysical Journal International 197 (2): 882-899. doi:
10.1093/gji/ggu067.

97


http://dx.doi.org/10.1071/ASEG2016ab220
https://doi.org/10.1071/ASEG2018ABP083
http://www.jstor.org/stable/43633451
http://dx.doi.org/10.3934/geosci.2016.1.1

. 2015. "Multidomain Petrophysically Constrained Inversion and Geology Differentiation
Using Guided Fuzzy C-Means Clustering." Geophysics 80 (4): 1D1-1D18. doi: doi:10.1190/ge02014-
0049.1.

Tarantola, Albert, and Bernard Valette. 1982. "Generalized Nonlinear Inverse Problems Solved Using
the Least Squares Criterion." Reviews of Geophysics 20 (2): 219-232. doi: 10.1029/RG020i002p00219.

Tikhonov, A.N., and V.I.A. Arsenin. 1977. Solutions of Ill-Posed Problems: Winston.

Treitel, Sven, and Larry Lines. 2001. "Past, Present, and Future of Geophysical Inversion—a New
Millennium Analysis." GEOPHYSICS 66 (1): 21-24. doi: doi:10.1190/1.1444898.

Virieux, J., and S. Operto. 2009. "An Overview of Full-Waveform Inversion in Exploration
Geophysics." Geophysics 74 (6): WCC1-WCC26. doi: 10.1190/1.3238367.

Vozoff, K., and D. L. B. Jupp. 1975. "Joint Inversion of Geophysical Data." Geophysical Journal of
the Royal Astronomical Society 42 (3): 977-991. doi: 10.1111/j.1365-246X.1975.tb06462.X.

ABSTRACT
Review of the inversion of multiple geophysical datasets
Duy Thong Kieu!
! Hanoi University of Mining and Geology

Subsurface images are not directly obtained by geophysical measurements, indeed, they are built by
processing of the geophysical data. A crucial stage of conversion measured geophysical data in physical
models that may represent subsurface images is the inversion of geophysics. A critical issue of the
inversion is a non-unique solution; there are infinitive physical models that adequately explained the
measured data with a certain noise level. The inversion of multiple geophysical datasets has been
commonly used as a robust approach to reducing the non-uniqueness. The fundamental idea of using
multiple geophysical datasets is that each geophysical method senses with a different geological feature,
thus by using complementary information from multiple geophysical methods can reduce the ambiguity
of the inversion. Two issues for the inversion of multiple geophysical datasets are (1) how we run
inversion of multiple datasets and how we make a link between geophysical models. In this work, we
present a review of the inversion of mutiple geophysics, accordingly, we propose applicable inversion
strategies for problems in Vietnam.

Keywords: Inversion, geophysics, multiple datasets
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NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Panh gia mac d6 anh hudng cua giéng bom ép t6i giéng khai thac cho
doi tugng Miocen dudi bé Cuu Long bang ham twong quan Spearman
Lé Qudc Trung*, Lé Vii Quén’, Nguyén Vin Dé*, Tri¢u Hing Truong?, Nguyén Van Thinh?

Tran Nguyén Long, Tran Vin Tién®

1 Vign Dau khi Viét Nam )
2 Truong Dai hoc M6 - Dja chat

TOM TAT

Bom ép nude dé duy tri &p suat via va nang cao hé sé thu hdi dau duoc &p dung phé bién ¢ Viét Nam va
trén thé gisi. Hién nay o Viét Nam viéc danh gia hiéu qua ciia bom ép nudc, mic ¢6 anh hudng cia nd
t6i giéng khai thac dua chu yéu vao dong thai ap suat ciing nhu mé hinh mé phong, tracer. Cac phuong
phép trén c6 nhitng han ché Ia viéc danh gia mang tinh cht quan ciing nhu tn kém tién bac va thoi gian
thuc hién. Trén thé gigi co rat nhiéu phuong phap danh gia muc d6 anh huong cua giéng bom ép toi
giéng khai thac va cac phuong phap nay cho hiéu qua cao nhu phuong phap dién tro dién dung, ANN.
Tuy nhién cdc phuong phép do st dung cong thic phuc tap va kho khén trong viéc hiéu, str dung. Bai bao
nay trinh bay két qua danh gid mue d¢ anh husng cua gleng bom ép t6i giéng khai thac cho dbi tuong
Miocen dudi bé Cru Long bang ham tuong quan tuong dbi don gian va de sir dung 1a Spearman. Két qua
cho thdy ré nét mirc do anh huong manh, yéu cua giéng bom ép téi giéng khai thac ciing nhu hiéu biét
dugc dic diém dia chit gitra cac giéng.

Tur khoa: Spearman, ham tuong quan, anh huéng bom ép nudc

1. D3t van dé

Bom ép nudc dé duy tri &p suét via dwoc ap dung & rat nhiéu mo dau trén Thé Gidi ciing nhu & Viét
Nam gilp cho qué trinh khai thac 6n dinh va nang cao hiéu qua kinh té. Tuy nhién, mac d6 anh huong
ciia phuong phap bom ép nudc manh hay yéu cua nudc bom ép téi cac giéng khai thac lai chua dugc
danh gia dinh lugng. Viéc danh gia mic d6 anh huong cua giéng bom ép t6i giéng khai thac co ¥ nghia
hét sircc quan trong trong qué trinh diéu hanh va quan ly mo nhu xac dinh kha niang c6 tang chan, huéng
dong chay, luu lugng bom ép t6i vu. Luu lwgng bom ép va luu luong khai thac chira thong tin rat quan
trong dé gidp ich cho viéc danh gia d6 va c6 rat nhiéu phuong phéap da duya trén cac thong sé do dé du bao
muc d6 anh huong d6 nhu ANN, ham dién dung. Tuy nhién cac phuong phap c6 uu diém la hiéu qua cao
nhung c6 cong thirc phirc tap va mét nhiéu thoi gian cong sirc dé tién hanh. Trong bai bao nay nhém tac
gia tién hanh danh gia mirc d6 anh huong cua giéng bom ép t6i giéng khai thac dya trén ham tuong quan
la Spearman sau d6 tién hanh trich xuat hinh anh trén 2D dé thiy rd dugc mirc d6 anh hudng, ciing nhu
hudng anh huong.
2. Co s ly thuyét va phwong phap nghién ciru

Qué trinh khai thac, bom ép, khoan, van chuyén dau... 1a nhitng hé théng khép kin va luén ton tai sy
chuyén dbi niang lugng tir trang thai ndy sang trang thai khac va nguoc lai. Py chinh 1a nhitng trang théi
dong hoc phan anh ding ban chat cua hé thdng véi mirc do phirc tap khac nhau. Trang thai dong hoc cua
hé thong la hé qua ciia mot tap hop céc tham sb tham gia va tao nén trang théi cua hé thong do. Tir két
qua nghién ctru trang thai dong hoc s& cho phép xac dinh ddi twong nghién ctiru dang & trang thai bén
dong hoc hay n6i mot cach khac 1a 6n dinh, can bang dong hoc bi roi vao trang théi bat 6n dinh, mat tinh
bén dong. v.v... Bing cach st dung phuong phap Spearman dé nghién ciru va danh gia mot cach dinh
lwong Vé trang thai dong hoc hay ban chét cua hé thong do.

Dé 4p dung cac ham twong quan vao danh gia sw anh huéng cua giéng bom ép nudéc t6i cac giéng
khai thac thi ta coi di ligu giéng bom ép 1a 1 bién s6 va dit li¢u giéng khai thac 1a 1 bién so; cu thé ¢ day
1a luu lwong va ap Suat via xung quanh giéng bom ep va giéng khai thac. Khi tang luu luong bom ép, ap
suét via xung quanh gleng bom ép ting va sy thay doi luu lugng, 4p suit cua giéng khai thac s& phan anh
mirc d6 anh hudng cua giéng bom ép.

H¢ sé twong tic Speaman

Hé s6 tuong tic Spearman 1a mot ky thuat ¢ thé sir dung dé dénh gia cuong do va xu huéng (Am hozc
duong) ciia mdi quan hé gitra 2 chudi dit liéu c6 san. Hé sb nay ludn co gia tri tir -1 dén 1.

*Tac gia lién h¢
Email: trunglg@vpi.pvn.vn
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Su twong tac chinh 1a mirc d6 anh huong va ta c6 thé mo ta don gian cuong do twong tac nay theo
Evan (1996) da dua ra danh gid mtc do anh huong qua cac gia tri tuyét dbi cua r twong tu nhu hé sb
tuong quan Pearson.

Hé s tuong tac Spearman dugc xac dinh theo cong thirc sau:

_1 6><Z:d2

ro=1- 3
° nx(n®—-1)
Trong d6: rs: Hé 6 tuong tac Spearman (rs = -1 dén 1)
d: H,iéu SO gitra cac cap dir liéu
n: so lugng cap dir liéu
80.00 ".‘/
/j
. /
/
rs=—1 =20 =1

Hinh 1. Cac mitc dé tuwong quan cua ham Spearman
Cha y ring hé sé tuong quan Spearman 1a mot phuwong phéap danh gia mdi quan hé don diéu vi vay rs =
0 s& khong don gian 1a khéng c6 quan hé nao ca giira cac cap dir liéu. Vi du vé mot do thi rs = 0 khong co
tuong quan tuy nhién lai c6 mdi quan hé nhu 1a 1 ham bac 2 1y tuéng.

004

rs=0
Hinh 2. Ham twong quan Spearman véi rs =0
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3. Két qua va thao luan

Tir nhitng dit liéu dau vao la ap suat via xung quanh giéng khai thac va giéng bom ép hoic luu lugng
khai thac va luu lugng bom ép ciia mot sé6 mo dang dugc khai thac tai tang Miocen ha bé Cuau Long, ta
hoan toan c6 thé tinh toan sy anh huong cua giéng bom ép téi cac giéng khai thac dya trén hé sé twong
quan Spearman nhu trinh bay & phan 2. Sau d6, cac két qua danh gia dwoc thé hién trén ban ¢6 2D nhu
cac duong dong muc. Gia tri cac duong dong muc thé hién mic do anh huong cua giéng bom ép toi cac
giéng khai théac.

_Ta coi gid tri twong quan bang 1 ngay tai giéng bom ép va khi xa dan giéng bom ép, gia tri ndy s& nho
dan.

a) MoX

Vi tri cac giéng bom ép nudc va khai thac duoc phan chia theo cac khu vuc dya trén vi tri coa cac dat
gdy, nhu trén hinh 3. Mirc d6 anh huong cua cac giéng bom ép t6i cac giéng khai thac duoc thé hién trén

bang 1 va hinh 4a, 4b, 5:
&5 Giéng bom ép
FloViz 2012.1 __ 4 S 74

Hinh 3. V; tri c4c giéng tang Miocen ha mé X bé Ciru Long

WBP9:69vs WBP9:70 WBPO:70TW vs 71
260 300
255 - 250 -
2 250 % 200
% 245 = 150
. 240
g: 235 % o
2 z
=~ 230 0
240 250 260 270 280 290 300 260 270 280 290
WBP9: 70IW (bar) WBP9: 70IW (Bar)
Hinh 42, Giéng 69 anh hwong manh Hinh 4b. Giéng 71 anh huong yéu

Bang 1. Két qua mire dé tirong tdc giiva giéng bom ép 70 va cdc giéng khai thac

Giéng 63 | Giéng 71 Giéng 69 Giéng 98 Giéng 79 | Giéng 87
0.8304 0.5689 0.8812 0.4447 0.3499 0.5612
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Tir bang dénh gia d6 twong quan trén ta v& dugc ban do cac dudng ddng mirc nhu sau:

". 7 T [

58

Hinh 5. Pdnh gid sw anh huong cua giéng bom ép 70 dén céc giéng khai thac xung quanh

Dua trén cac sy danh gia trén c6 thé thiy rang giéng bom ép nuéc 70 anh huong nhiéu nhét téi giéng
69 va it anh huong toi giéng 79 va giéng 71. Ciing tir sy danh gia nay ta co thé nhan thiy hudng tir giéng
70 dén giéng 69 va 63 1a hudng hiéu qua bom ép nudc tét nhat tir d6 c6 thé thiy su lién thong thiry dong
tir giéng bom ép 70IW dén cac giéng 69, 63 1a tot hon so v6i cac hudng con lai.

by MoY

Hién nay toan bo tang Miocen ha mo Y ¢6 9 giéng bom ép (C021, CO3L,C041, E041, E06I, NO3IST,
NO4I, NO5I, NO6I) dang hoat dong (2 giéng gian E, 4 giéng gian N, 3 giéng gian C) (hinh 6). Bom ép
nu6e dé duy tri 4p suat via dugc thuc hién dau tién ¢ gian C vao thang 8 nam 2006 sau khoang thoi gian 8
nam khai thac. Viéc bom ép nudc tai mo X dugc thyc hién khi bom ép 4p suat via chi hon 4p suét bao
hoa khoang 176 psi phu hop véi VSP vi theo kinh nghiém ctia VSP thi viéc bom ép hiéu qua cao khi ap
Suét via cao hon 4p suit bdo hoa tir 147-176 psi. Két qua danh duoc thé hién trong hinh 7 cho thdy muc
d6 anh huong rat manh cua cac giéng bom ép C021 t6i cac giéng khai thac.
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Hinh 6. V; tri giéng mo Y
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Hinh 7. Anh hurong ciia giéng C-021 mé Y t6i cac giéng khai thac.

4. Két luan

Viéc sir dung ham tuong quan Spearman cho thdy mot sé hiéu qua sau day:

- Sir dung don gian va dé hiéu ciing nhu d& sir dung trong excel do di c6 san.

- Phan anh twong ddi chinh xac mirc d6 anh huong cua giéng bom ép téi giéng khai thac pht hop voi
s6 lidu ap suat.

- Viéc phan anh dugc muc do tuong tac dua trén cac duong dong mirc trén ban dd 2D con cho thay
dugc hudng anh huong cua giéng bom ép t6i cac giéng khai thac ciing nhu dic tinh via xung quanh cac
giéng khai thac véi bom ép.
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ABSTRACT

Evaluate the impact of injection well to production well for the Lower
Miocene in the Cuu Long basin using the Spearman correlation
coefficient
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Water injection to maintain reservoir pressure and improve oil recovery coefficient are widely used in
Vietnam and in the world. Currently, in Vietnam, the evaluation of the efficiency of the water injection,
the extent of its impact on the well is based primarily on pressure trend as well as the simulation model
and the tracer. These methods have limitations as subjective assessment as well as costly money and time.
There are many methods of evaluating the effect of injection wells to prodution such as capacitance
resistance method, ANN. However, these methods use complex formulas and are difficult to understand.
This article presents the results of the evaluation of the effect of injection wells to production wells of the
Lower Miocene in the Cuu Long basin based on Spearman correlation coefficients. The results show
clearly the strong and weak influence of the injection well to production well as well as the geological
characteristics of the wells.
Keywords: Spearman, correlation functions, water injection effect.
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ABSTRACT

Since the beginning of Bien Dong 1 project, it was noticed that there was a huge discrepancy between the
condensate production of PQP-HT platform and the FSO condensate metering (about a thousand of
barrels per day). As it was pointed out recently that the Condensate Metering at FSO was designed to
follow API MPMS Chapter 11.1 Table 53A (corrected to the temperature of 15 degC and 1 atm pressure)
while the Coriolis Flowmeters at PQP-HT measure the condensate flow rate with observed conditions
(condensate pipeline temperature and pressure). During the day, the fluctuations of condensate pipeline
temperature and pressure were not taken into account to the condensate prodution rate and subsequently
leads to the huge discrepancy between the PQP-HT and FSO condensate production reports. However,
the solution of having new condensate metering units with API MPMS Chapter 11.1 Table 53A
calculation capability will requires additional cost in term of extra metering units for both Export and
Recirculation Pipeline (4 units cost of 180,000 US dollars) and requires condensate system shutdown for
the installation. As a result, the calculation for the correction of Observed Condensate Volume Flowrate
to the Base Conditions in the Distributed Control System (DCS) was proposed instead of having the new
metering units. Mathematical approach and convergence algorithm was selected in order to develop the
algorithm program in the DCS system while the Corrected Condensate VVolume Flowrate was validated
using Petroleum Measurement Tables (PMT) Software. The solution of having the Corrected Condensate
Metering in DCS System saves operational cost by not having the extra metering units, extra labour cost
for the installation, commissioning and calibration of the new units. In addition, production rate of
condensate export was captured correctly to support the production operation and planning.

Keywords: Condensate Metering; API MPMS Chapter 11.1 Table 53A; HaiThach-MocTinh Field

1. Introduction

The Bien Dong 1 Project involves the offshore development of the gas and condensate fields at Nam
Con Son Basin which is approximately 300 km south of the coast of Vietnam. There are 2 Wellhead
Platforms (WHP) in Moc Tinh and Hai Thach which are approximately 20 km apart. Hai Thach and Moc
Tinh gas/condensate well fluid will be routed from these two WHPs to a fixed central production facility
(a Production and Quater Platform in Hai Thach, so-called PQP-HT). The main purposes of the central
production facility are to separate and compress the gas stream to meet the gas pipeline entry
specifications of Nam Con Son Pipeline System (NCSP); separate and stablize the condensate product
and then export to a Floating Storage and Offloading (FSO) vessel in Hai Thach.

In deed, Condensate is effectively a by-producted of the gas production operation. Production rates of
condensate is not only constrained by gas export rates but also is a crucial indication of field production.
Condensate is primarily separated from gas in the 1st Stage Separator and various minor sources such as
knock out drum in the gas export processes and in the flash gas recovery compression systems. After the
separation and stabilization processes, Condensate primarily from a 3-phase Separator (so called 3rd
Stage Separator) will be pumped to FSO via three Condensate Export Pumps. The Condensate is metered
and sent to the Export Pipeline to the FSO. On the other hand, Condensate can be recirculated back from
the FSO to PQP-HT, to maintain the condensate temperature in the two export pipelines. Returning
condensate was designed to be routed to the suction side of the Condensate Export Pumps. The metering
of condensate to the FSO was calculated by two duty/standby Coriolis meters at the Condensate Export
Pipeline and two duty/standby Coriolis meters at the Condensate Recirculation Pipeline. Eventually, the
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real-time subtraction between duty Condensate Export and Condensate Recirculation metering was
treated as the Condensate production rate. From FSO, the condensate metering will be calculate daily
using the ullage technique and validate one during the off-take activity.

Miimum Flow

Figure 1. Condensate Export System with two Export Metering and two Recirculation Metering Units

On the other hand, it was noticed that there was a huge discrepancy between the condensate production
of PQP-HT platform and the FSO condensate metering due to the fact that the Condensate Metering at
FSO was designed to follow APl MPMS Chapter 11.1 Table 53A (corrected to the temperature of 15 deg
C and 1 atm pressure) while the Coriolis Flowmeters at PQP-HT measure the condensate flow rate with
observed conditions (condensate pipeline temperature and pressure). As a result, it leads to the huge
discrepancy between the PQP-HT and FSO condensate production reports (about thousand of condensate
barrels per day). The solution of having new condensate metering units with API MPMS Chapter 11.1
Table 53A calculation capability will requires additional cost in term of extra metering units (4 units cost
of 180,000 US dollars). In addition, the installation, commissioning and calibration of the new metering
units will requires additional labor cost and the production interruption for Condensate Export System. As
a result, the calculation for the Corrected Condensate VVolume Flowrate in the Distributed Control System
(DCS) was proposed instead of having the new metering units. Mathematical approach and convergence
algorithm was selected in order to develop the algorithm program in the DCS system. In addition, the
correction of condensate volume flow rate from observed conditions to base conditions was validated
using Petroleum Measurement Tables (PMT) Software.

2. Principles and Methods
2.1. Coriolis Flow Meter Principles

The Coriolis flow meter market has been one of the fastest growing flow meter markets over the past
decades. Coriolis flow meters measure the mass flow of various liquids, such as water, acids, caustic,
chemicals, gases/vapours and condensate/crude oil. Despite their higher initial purchase price, many users
find Coriolis effect flow meters a good investment when considering total cost of ownership.

Coriolis flow meters are named after Gaspard Gustave de Coriolis, a French mathematician and
engineer. In 1835, Coriolis wrote a paper in which he described the behaviour of objects in a rotating
frame of reference. While this is sometimes called the Coriolis Force, it is more accurately called the
Coriolis Effect, since it is not the result of a force acting directly on the object, but rather the perceived
motion of a body moving in a straight line over a rotating body or frame of reference (Wikipedia
contributors, 2018, October 16).

One of the most important features of Coriolis flow meters is that they measure mass flow and density
of the fluid which are depend on the vibration of the tube inside a Coriolis flow meter. Depend on the
manufacturers, Coriolis flow meters might consist of different mechanical oscillating systems, oscillation
sensors and evaluation circuits which is received the oscillation signals and generates from their phase
difference for indicating the value of mass flow rate and density (Cunningham, 1994), (Peter Flecken,
1988).

The density of the fluid may change with temperature, pressure or composition. The fluid may also be
a combination of phases such as a fluid with entrained bubbles. Pressure has minimal effect on liquids in
terms of compressibility and the effects of temperature on liquids are also often disregarded, except where

105



high accuracy is desired. On the other hand, volumetric flow rate is the mass flow rate divided by the
fluid density. As a result, volumetric flow rate depends on the temperature, pressure or composition of the
fluid.

Having that dependent factor, the American Petroleum Institute (API) provide the guideline and
implementation procedure for the correction of temperature and pressure effects on density and volume of
liquid hydrocarbons which fall within the categories of crude oil, refined products, or lubricating oils
(Institude, 2007). Like any other Operators which are export crude oil products, Bien Dong uses the
volumetric flow rate of condensate (export rate unit is barrel per day). During the day, the fluctuations of
condensate pipeline temperature and pressure were not taken into account to the condensate prodution
rate and subsequently leads to the huge discrepancy between the PQP-HT and FSO condensate
production reports. As a result, the condensate export metering must be corrected to the base conditions
15 deg C temperature and 1 atm pressure.

2.3. Materials and Method for the calculation of Volume Correction Factor

According to APl MPMS Chapter 11.1 (Institude, 2007), the correction of volume flowrate from
observed conditions to the base condition requires the Volume Correction Factor, which is can be derived
from the following formula:

”LE-::_;_+;_II_ (1)

where: g, : density at base temperature of 15 deg C (kg/m3),

K and K, are constants for Crude Oil Correction from API MPMS Chapter 11.1.

VCF = EXP[ — a5 At (1 + 0.Bas At)] )

where: VCF: Volume Correction Factor,

At = t — 13 (deg C),

t = observed temperature from temperature transmitter.

Then,

Volume Flow Ratezgse congirion = Volume Flow Rote gpeerped condition * VOF  (3)

where: Base condition: temperature of 15 deg C and pressure of 1 atm,

Observed condition: temperature and pressure at sensing point,

In addition, the constants for Crude Oil Correction of Observed density to the density at 15 deg C were
shown on the Table No.1.

Table 1: Constants for Crude Oil Correction of Observed Density to Density at 15 deg C

API Table Ky K Density Range Unit
53Aand 54A 613.9723 0 610.5 to 1075.0 == (Kg/m®)*
i -_—

degC

In order to achieve Volume Correction Factor in equation (2), it was proposed to apply the iteration
method and the convergence algorithm could be developed in the Control System as following approach:
Fori=1,2,..,n

Bysi = ﬁ Q)
VCF, = EXP[ — ays; At (L + 0.8a,5; A)] ®)
Pisivt = Prsi % EXP[—ay5; 8t (1 + 0.8a5; At]] (6)
Apep = VCF,, — VCF @)

Stop iteration if: Az = €
To check the convergence of iteration method, the error = was selected at 105,
2.4. Develop Program and Debug in the DCS System

In Honeywell Distributed Control System, an Algorithm Block (AB) program was used with a
predefined data structure and in conjunction with a predefined algorithm. A predefinded data structure
includes the inputs (such as: observed density, flowrate, temperature and pressure); and output (Corrected
Volume Flowrate). On the other hand, Honeywell supports all three common debugging techniques for
each AB program (Honeywell, 2015):

= De-bugging tool (by utilizing the source level debug capabilities of the Microsoft Visual Studio
IDE);

= Printlining (use Send() subroutine to forward information to the message display of DCS
Engineering Station);

= Logging (by monitoring the run-time values of AB’s parameters and draw conclusions about the
correctness of the underlying code).
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Predefine DataStructure

Inputs:observed density, ohserved
flowrate, temperature and pressure
Output: corrected volume flowrate
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Figure 2. Honeywell DCS Program Structure for predefined algorithm
Once the mathematical approach to achieve VVolume Correction Factor is solved, the flow chart for the
Correction of Condensate Volume Flow Rate from Observed conditions to Base Conditions is presented.
Then the Algorithm Block was developed in the DCS System to calculate the Correct VVolume Flowrate
of Condensate. In addition, the Corrected Condensate Volume Flowrate was then validated using
Petroleum Measurement Tables (PMT) Software.

Figure 3. Flow Chart of the Correction of Condensate Volume Flow Rate from Observed conditions to
Base Conditions
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2.5. Results

Finally, the correction of condensate volume flow rate from observed conditions to base conditions
was validated using Petroleum Measurement Tables (PMT) Software. The correction in the DCS System
shows that with the density of 830 kg/m3 at observed temperature of 70 deg C is equivalent to the density
of 869.31696 K g /m® at base temperature of 15 deg C (after 6" iteration). On the other hand, with PMT
software, the base density at 15 deg C is 869.3 Kg/m?. The discrepancy between DCS and PMT
software is neglect able.

Parameter Unit

Base Temperature 15 degC DeltaT 55
Observed Temperature 70 degC

pt = density at observed temperature 830 kg/m3

pl5 = density at the base temperature 869.31686" kg/m3

VCF 0.85477258"

Figure 3: The correction of Density at the base temperature after 6 iteration in DCS System
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Figure 4: The correction of Density at the base temperature with Petroleum Measurement Tables Software
3. Conclusion

In conclusion, the correction of condensate volume flow rate from observed conditions to base
conditions with the iteration calculation in Distributed Control System was valid. The solution of having
the correction of Condensate metering in Distributed Control System to follow API MPMS Chapter 11.1
Table 53A, saves operational cost by not having the extra metering units, extra labour cost for the
installation, commissioning and calibration of the new units. In addition, production rate of condensate
export was captured correctly to support the production operation and planning.
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ABSTRACT

In the past, initial three exploratory wells had been drilled and fractured in the Oligocene with the
reservoir depths ranging from 10,000ft to 12,000ft, Ha Noi Trough for improved gas deliverability.
However, in the post fractured gas wells, the production rates of these wells had been quickly declining
over a year due to several reasons such as a catastrophic reservoir of which the formation consists of
almost Montmorillonite, kaolinite, hydro mica, and illite mixing with sandstone, the water base
fracturing fluid rapidly react with those of lithology in the reservoir. Another issues in the formation are
that the reservoir permeability was lower, ranging from 0.01md to 0.1 md, the complex fracture of
which reserve faulting stress regime has been encountered with the gradient closure pressure up to
0.95psi/ft, which is close to the overburden pressure gradient of 1.05 psi/ft, high temperature up to 275°
F, too low proppant placement at 0.65Ib/ft?, leading to extremely clay swelling, tip-screen-outs and
formation quickly damage as reducing fracture conductivity. Thus, this is a fracture treatment design in
the Oligocene reservoir problem, where fracture geometry and fracturing fluid suited for reserve faulting
stress regime and formation has not been presented. For the fracture treatment, the fracture half-length
and fracture height produced, with 556 ft and 1124ft, respectively of using high strength proppant of
which 20/40 sintered bauxite proppant has been pumped firstly and 16/30 sintered bauxite proppant has
been pumped in the tail, which not only prevents proppant flow back but also increases the fracture
conductivity at the near wellbore. This study presents not only the integrated model of fracture treatment
of fracturing including in-situ stress regime, constraint fracture model, material balance, choosing oil
base fracturing fluid, and fracture conductivity and production model, but also perform the increasing
fracture conductivity, fracture half-length, fracture width, and improved proppant concentration
reaching 0.79 Ib/ft?, resulting of conductivity of 1200 md.ft. The gas productivity has been increased in
comparison with the base.

Key words: Key words: Reserve faulting stress regime, Improved gas production, Oligocene reservoir,
clay swelling, fracture conductivity

1. Introduction

Ha Noi Trough is located in the northern Viet Nam, which has the oldest gas field among the other oil
and gas fields in Viet Nam. The aim of hydraulic fracturing is to enhance gas productivity via producing
not only longer fracture length but also wider propped width, leading to increase in both fracture
permeability and the fracture conductivity, which technique has been widely applied for distinct
reservoir properties such as low and high permeability, low and high porosity, formation damage, and
positive skin factor. Come back to the field at Ha Noi Trough, three fracture treatments, namely D14-1,
D14-2, and D14-3 in the D14 field [1] [2] had been achieved in the targeted Oligocene reservoir in the
D14, Ha Noi Trough. However, only one fracture treatment had successfully fulfilled to enhance gas
production of which the gas productivity at the post fractured well had shown an increase gas production
in comparison with the gas production of the base case. In fact, there were the number of causes which
brought gas wells production had been declined rapidly in a short time due to two regional parameters
including uncontrolled parameters and surface controlling parameters. Firstly, the underground factors
which cannot control from the surface consisting of the reserve faulting stress regime of the principal
stresses, Petro-types, lithological compositions, reservoir temperature, the degree of the clay swelling,
the low permeability reservoir varying from 0.01md to 0.1 md, high reservoir depth ranging from
10,100ft to 11,600ft in the vertical depth, high temperature varying from 275° to 300°F [1] [2]. In
addition, due to those of problems in the Oligocene reservoir including reserve faulting stress regime,
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high temperature, and low permeability reservoir with high clay concentration among the fractures,
which do bring the lowest of the fluid efficiency as well as low fracture conductivity at the post fracture
wells, leading a decrease in th e productivity. In more detail, by analyzing detailed about lithological
compositions at D14 area [19] with well depths ranging from 10,121ft to 10,134ft in the true vertical
depth, which is shown that the percentage of clay composition is varying from 5% to 15% of which the
main composition of kaolinite type majored in the component of its clay with minor amounts of illite,
illite-smectite, and chlorite. The appearing amount of clay in the Oligocene formation, which is to be
pore filling and grain coating, while others type of clay are initially grain coating. For the specific core
sample analysis of one well, at the X well has the component minerals including 70% of quartz, 8% of
feldspar, 2% of mica, 10% of carbonates and 10% of clay [1] [2]. It means that those of minerals of clay
in the formation are easy to react with the amount of water. During injecting proppant slurry into the
fractures under high pressure, which is easy to become clay swelling that is the main reason to reduce
the fracture conductivity after fractured well. As a result, the gas well has been declining of gas
production due to decrease in its fracture conductivity. Moreover, through fractured well and Calibration
test in Ha Noi Trough via a company, the proppant placement among the fractures underground are very
low at 0.65 Ibm/ft?, but the closure pressure gradient is higher in reserve fault in comparison with the
closure pressure gradient of the normal fault, which reduces the fracture conductivity. Secondly, the
uncontrolled parameters on the surface as it would be required a limited total fluid leak-off coefficient
and no fluid damaged in terms of the reservoir conditions, injection rate, injection time and proppant
type. The study has been analyzed more detail not only reserve fault but also fracture direction, and
present about how to order precisely fracture model for this type of fracture. After designing for a
fracture treatment, the results show the high propped concentration among the fractures at 0.791b/ft? in
term of fracture closure pressure gradient of 0.95psi/ft, and proppant type of 20/40 Sintered Ball bauxite
proppant is injected firstly stage, then continually pumped proppant type of 16/30 Sintered bauxite
proppant. With the higher fracture closure pressure gradient in the reserve fault which has given a
requirement larger pump horse power.

2. Material and methodology

2.1. In-situ stress in reserve fault stress regime with the fracture direction

By achieving extended leak-off test in the Oligocene formation, the valuable fracture closure pressure
gradient in D14 field in Ha Noi Trough was about 0.95 psi/ft, which is close to the valuable overburden
pressure of 1.05psi/ft [1,2]. In the reserve fault (SH>Sh>Sv), the maximum horizontal stress is largest
one among three stresses, and the second one is minimum horizontal stress, which is determined via the
relationship between that value with the vertical stress of the principal stress. The last one is valuable
vertical stress is a role as well as the minimum horizontal stress. During fracturing, the fracture direction
will be forwarded horizontally and propagate laterally (Valko and Economides, 1995) [9], it means that
the fracture direction directly the plane, which contained the maximum horizontal stress and minimum
horizontal stress is perpendicular the vertical stress. The higher vertical stress in reserve fault whilst
injecting proppant slurry into the well, which would be selected the higher pump power requirement for
the treatment. This is because it is acquired highly the bottom hole injection pressure in order to
overcome the high closure pressure, which therefore induces the net pressure for producing the fracture
geometry including fracture length and fracture width.

Fig.1. Reserve faulting stress regime

2.2. Extension pressure, Net pressure and Pump power requirement

The net pressure is defined as the bottom hole injection pressure minus the closure pressure at a given
reservoir depth. In reality, there are two sides of the net pressure, which can be divided into positive net
pressure and negative pressure. For a given reservoir depth having a closure pressure, which closure
pressure at a given depth cannot change during fracturing due to uncontrolled parameters of the
formation. So that, the net pressure depends on the number of factors that can control from the surface
including proppant slurry density, surface treating pressure, frictional pressure total combination of pipe
system, and perforation systems, and tortuosity. To enhance the net pressure, the total pressure loss
combinations for those of pressure loss are minimized. There are the number of requirements, which are
minimized pressure loss total in pipe system and isolated tortuosity pressure loss. This is because after
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fracturing well, the tortuosity did not conduct for improved fracture conductivity to produce amount of
gas production. In addition, technique fracturing has been advised that the total pressure loss should be
ranged from 100 psi to 300 psi. In the field, there are accounted the numbers of problems in the pipe
system, which gets suddenly too high pressure in the pipe due to too high proppant slurry concentration,
the particle proppant sometimes gets stuck in the number of perforation, too high fracturing fluid
viscosity. The net pressure model can be described as the model, which presents the more detail in the
component below:

P_=P.+P -P_-P.=P, -P )

loss ' ¢ c
Pump horse power requirement has been presented as the equation is given model below:;
HHP= (PC+P|OSS _Ph)xq (2)
40.8
The model HHP shows that in the reserve fault in the Oligocene formation, Ha Noi Trough, which is the
highly valuable one because the closure pressure gradient is too high, at 0.95psi/ft due to the high
reservoir depth, but the total pressure loss and hydrostatic pressure were remained unchanged. As a result,
the HHP requirement would be ordered higher in comparison with the HHP requirement to fracture
treatment in the normal faulting stress regime.
Hydro-static pressure
Hydrostatic head in the tubing during injecting proppant slurry into the well is evaluated by the model
below [7]:

P=0.052xTVDxp,Xp, ©)

py IS the relative density dimension, which can be calculated by the model below (Smith, 1992) [8]
8.33+

P=—o" )
8.33+ =%

ap
2.3. Fracture geometry model
The two-dimensional KGD fracture model knowing as (Khristianovitch and Zheltove, 1995; Geertsma
and de Klerk, 1969) [4] [5] [7] had been used to describe the fracture volume in the reserve faulting stress
regimes because its model satisfies the requirement for this complex structure of the Oligocene formation
and also present more correct to the horizontal fracture. When designing the fracture treatment, evaluation
the fluid efficiency, fracture dimensions, the Carter Il solution (Howard and Fast, 1957) [9] has been
combined with the number of factors including total leak-off coefficient, power law parameter index
consisting flow behaviour index (n), and consistency index (K, Ibf.s"/ft?), injection rate, injection time,
spurt loss, and the other parameters are fracture height growth, Young’s modulus, Poisson’s ratio is
presented in the reference of Valko and Economides (1995).
GDK-C fracture model
For non-Newtonian fracturing fluid, the maximum width at the wellbore in terms of power law
parameters can be expressed as [7]

1

1 " ny2 \2n+2
W, =11.15x3, 242n+2 [1+2ni|2n2x qrx; a2 -
n h,E'
25, +w 2
X = 4C2 h exp(B?)erfe(B)y+— J‘ (6)
. 2C /nt
W+28p

Where n is the power law exponent (dimensionless) and K is the consistency index (Pa-sec"). Based on
several test to get database, which provided by an industry (Rahman, 2002) [6], the power law parameters
are correlated with fracturing fluid viscosity for this study is given by model below:

n=0.1756p°***;k=47.88(0.5u-0.0159) (7
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2.4. Material balance

During injecting proppant slurry from the surface into the well in order to produce fracture growth in both
fracture length and fracture width, the general material balance is illustrated that the relationship between
the total volume injected into the fracture is equal to the fracture volume created plus with the amount of
volume fluid leak-off via total fracture area also created. Thus the material balance relationship is [9]
Vi=VtV,, Vi is the total fluid volume injected, Vs is the fracture volume produced, which defined as two
wings of the symmetric fractures, Vi=2hxwsa, and V; is the amount of fluid volume passed via the fracture
area. The fluid efficiency is definitely given by the ratio as V#Vi. Nolte (1986) [9] had introduced the
relationship between the total volume injected with the pad volume needed for a fracture treatment.

2.5. Conductivity and production model

The value of fracture conductivity usually is measured from laboratory data (API standard) based on
proppant type, proppant size, proppant shape, proppant damage factor, proppant permeability, proppant
porosity are under closure pressure that value is very important to predict the oil production. The API
standard for a test such as data to measure linear flow through the proppant pack between steel plates
under specific pressure is applied to it. Then the standard API is usually tested at a proppant concentration
of 2Ib/ft2. This theory most published data measured by API test. If the proppant permeability under
closure pressure is known for the each proppant type was selected, then in-situ fracture conductivity can
be evaluated by model [8]:

Fracture conductivity (md.ft) = KpxW, (6)
For simulation fracture conductivity if the closure pressure, proppant fracture concentration in (Ib/ft?) is
known by using Mfrac software also can be calculated a fracture conductivity, proppant permeability, and
proppant porosity under closure pressure.

2.6. Application to a sandstone Oligocene reservoir in the reserve faulting stress regime

The fracture treatment design has been applied to a typical sandstone formation under reserve faulting
stress regime in the Oligocene formation. In addition, the fracture geometry model, namely KGD-C has
been used to perform the fracture dimensions in its formation. The layer of sandstone reservoir has to
treat, which has the underlying and overlying shale formation that they have low in both porosity and
permeability and it does not need to produce the fracture dimensions because it is does not conduct the
fracture conductivity at the post fractured well. The X well in the Oligocene in Ha Noi Trough has pre-
skin at positive 14.

Tab.1. Reservoir Data, Geomechanical Data, and Fracture Treatment Parameters [1][2]

Parameters value
Target fracturing depth, ft 30302782
Wellbore radius, ft 4'0
Reservoir height, ft 9%
Reservoir porosity 0.2
Reservoir permeability, md 0.15
Sandstone Poi i 0.0011
andstone Poisson ratio 2 500,000
Leak-off coefficient, ft/min®® 9568
Young’s modulus, psi 40
Minimum in situ stress, psi 20
Injection rate, bpm 0.091
Pumping time, min 0.09
EOJ slurry concentration, ppg
n, power law parameter
K, consistency index, Ibf.s"/ft?

Fracturing fluid type: Diesel base fracturing, 33.2 gptg AlDo [10]

Proppant type: High strength proppant (HSP), SinterL.ite bauxite 20/40, density
201.55Ib/ft3, average diameter of 0.028937 in

Fracture conductivity in terms of proppant concentration at 2lb/ft2, and closure
pressure at 9568psi is 1730.47 md.ft
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3. Results and discussions
3.1. Fracture and pressure parameters
Tab.2. Fracture Geometry and Pressure Parameters

Parameters Value
Fracture half-length, ft 556
Maximum width, in. 0.30
Average width, in. 0.24
Net wellbore pressure, psi 62
Surface treating pressure, psi 5678
Max Horse power requirement, HP 5468
Assumed pressure loss, psi 300

Tab.3. Results from Material Balance

Parameters Value
Fracture area, ft? 1.237x10°
Fracture volume, gal 83,328
Fluid volume loss, gal 51,072
Total volume injected, gal 134400
Fracturing fluid efficiency 62
Pad volume, gal 31526
Time to pump pad vol, min 19
Average slurry concentration, ppg 6.48
Mass of proppant, Ib 987.278
Proppant conc. in fracture, Ib/ft? 0.79

20/40 SinterLite Bauxite 50 hours, 300F—SB07

g :
12000 § ud oA
E

anonl

kfw f (mD-ft)
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Closure Pressure (psi)
Fig.1. The effects of the closure pressure on the fracture conductivity and proppant porosity

The table 2 and table 3 have been presented about a layer sandstone reservoir having underlying shale and
overlying shale in the reserve faulting stress regime, which has to be fractured as the results show that the
fracture dimensions including fracture half-length reached at 556ft and max fracture width at the near
wellbore at 0.3 in. The table 2 shows that while injecting proppant slurry into the well under high
pressure, the fracture height growth is higher than the fracture half-length, which describes as the GDK-C
fracture model in this stress regime. The table 3 shows the results from the material balance have been
performed including fracture volume of 83328 gallons, fracture volume loss of 51,072gallons, and total
volume injected from the surface of 134,400 gallons, fluid efficiency of 62%, especially propped
concentration among the fracture 0.79 pound per feet squares. The fluid efficiency plays a crucial role for
a fracture treatment design to estimate how fracture volume produced and total volume fluid loss passed
away the total fracture area created during pumping about 80 minutes. In fact, there are a number of
factors affect to the fluid efficiency including principal stress in the reserve fault, propped placement,
total fluid leak-off, the degree of clay swelling, and tip-screen out. The fig.1 describes the effects of the
closure pressure and different propped concentration, and various closure pressures on both fracture
porosity and fracture conductivity. In particular, in terms of closure pressure of 9568psi and propped
concentration in the fracture of 0.791b/ft?, the fracture conductivity has been obtained at 1200md.ft
4. Conclusion
Through studying about improved gas production in reserve faulting stress regime, it is possible to
summary the crucial views below:

Due to fracturing high closure pressure with high well depth, the surface treating pressure acquires higher
as the pump horse power requirement is also higher in comparison with the surface treating pressure and
horse power requirement of fracturing in normal fault stress regime.
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The study only mentions a layer sandstone reservoir having underlying shale and overlying shale, which
needs to be treated. The geo-mechanical sandstone layer differs those for the shales including young’s
modulus, Poisson’s ratio, petro-types, and the compositions of the minerals. If the well has many layers of
sandstone formation having several underlying shales and overlying shales, the proposal fracture
treatment needs to use the multistage fracturing. This is because it is technique allows some benefits at
post fractured well such as more fracture conductivity, more negative skin, and higher gas deliverability.
To improved fracture conductivity in the Oligocene reservoir, Ha Noi Trough with high clay swelling and
high temperature, high closure pressure, fracture design should be selected oil based fracturing fluid,
SinterLite Bauxit proppant, 20/40.

Nomenclature

Pret = Net pressure, psi

Ps = Surface treating pressure, psi

Ph = Hydrostatic pressure, psi

Ploss = Total pressure loss, psi

Pc = Closure pressure, psi

q = Pump rate, gpm

Pbni = Bottom hole injection pressure, psi

HHP = Hydraulic horse power, HP

TVD = True vertical depth, which is counted from the surface to the centre of the fracture, ft
Pt = Average fluid density of fracturing fluid, ppg,

pr = The relative density dimension, which can be calculated by (Smith, 1992)
Syt = pecific gravity of fluid (dimensionless),

Sep = specific gravity of proppant (dimensionless)

P = Average proppant concentration (ppg), (nPc)
n = Fluid efficiency, %

1 = Apparent fracturing fluid viscosity, Pa.s

n = Flow behavior index

K = Consistency index, Pa.sec”

Sy = Spurt loss, gal/ft?

h¢ =Fracture height, ft

X = Fracture half-length, ft

w = Average fracture width, in

E’ = Plane strain modulus, psi
Reference

C.L. Cipolla, SPE, and Michael Mayerhofer SPE, Pinnacle Technologies & B.L. Wilson, Anzoil NL. 3-5
April 2000, SPE-59792, “Application of Fracture Technology in the Hanoi Trough, Vietnam”, SPE/CERI
Gas Technology Symposium held in Calgary, Alberta Canada.

Craig L. Cipolla, SPE, and Michael Mayerhofer, SPE, Pinnacle Technologies Inc. and Brian L. Wilson,
Anzoil NL. 3-6 October 1999, SPE-56468, “Case History of Complex Fracture Behavior in the Hanoi
Trough, Vietnam”, 1999 SPE Annual Technical Conference and Exhibition held in Houston, Texas.
Nolte, K.G. July 1986, SPE 13278, “Determination of proppant and Fluid Schedules from Fracturing
Pressure Decline”, SPE Production Engineering, 255-265.

Nordgren, P.P. September 1961, “Propagation of a Vertical Hydraulic Fracture”, SPE Journal, 306-314.
Perkins, T.K and Kern, L.R. September 1961 “Width of hydraulic fractures ” Journal of Petroleum
Technology, 937-949.

Rahman, M. M., and Rahman, M. K. 2010. A review of hydraulic fracture models an Development of an
improved pseudo - 3D model for stimulating tight oil/gas sand. Energ. Sourc. A 32:1416-1436.

Ralph W. Veatch Jr., PhD, Dale E. Nierode, PhD, Stephen A. Holditch, PhD, John L. Gidley, PhD.
Recent Advances in Hydraulic Fracturing.

Smith, M.B., 1997. Hydraulic Fracturing. 2nd Edn., NSI Technologies, Tulsa, Oklahoma

Valko, P., and Economides, M.J. 1995. Hydraulic Fracture Mechanics, Chicheste, England: John Wiley &
Sons.

Bui Minh Son. 2012. Nghién ciu logi chdt long hop Iy cho cong tac nit via thiy luc cac giéng Dau khi
tgi mién vong Ha Ngi. Luan van tién sy ky thuat Dau khi, Truong Dai hoc Mo Dia chat Ha Noi.

114



ERS®

: HOI NGH] TOAN QUOC KHOA HOC TRAI DAT
e e i VA TAI NGUYEN V&I PHAT TRIEN BEN VI'NG (ERSD 2018)

SUSTAINABLE DEVELOPMENT

Optimization of fracturing parameters for improved oil production in
the tight oil oligocene reservoir, offshore Vietnam

Truong Nguyen Huu'*,
IPetrovietnam University

ABSTRACT

Hydraulic fracturing technique has widely been applied in the fracture treatment for enhanced and
improved oil and gas production rate for various reservoir properties such as low and high permeability,
low and high porosity, or formation damage, sand problem. However, in the previous studies, several
literatures were not mentioned about optimizing of fracturing parameters including the injection rate,
injection time, and leak-off coefficient in the tight oil Oligocene reservoir based on optimum oil
production performance with maximum net present value. The Oligocene reservoir has been faced too
low production rate due to several reasons as high reservoir depth ranging from 11,155 ft to 13,123ft,
high closure pressure up to 7,700 psi, low reservoir permeability, low porosity, and complex structure,
complicated reservoir, heterogeneity reservoir, high temperature, resulting in low conductivity. To deal
with this problem, hydraulic fracturing technique is the best choice to stimulate the reservoir. The study
focuses on optimization of fracturing parameters by applying the central composite design (CCD) and
response surface methodology (RSM) of which economic production performance has been maximized,
at 119% in 10 years according to optimize fracturing parameters have been found such as injection rate of
47 bpm, injection time of 199 minutes and leak-off coefficient of 0.003 ft/min®® in 50 pounds per
thousand gallons of polymer (HPG). In the rest of the experimental laboratory has measured the valuable
fracture conductivity in terms of closure pressure, proppant concentration of 1.78lb/ft?. In the post
fractured well, the productivity has been shown an increase in 7.5 fold of production increments.

Key words: Operating hydraulic fracturing parameters, Central composite design, and Response surface
methodology.

1. Introduction

The aim of hydraulic fracturing stimulation is to stimulate the reservoir for enhanced oil production rate
of which post-fractured well has been shown higher amount of oil production campared to amount of oil
production of the base case. The reservoir has been shown great potentially oil production reserves but in
the ast, the amount of oil production was lower in comparison with the oil production from the stimulated
case. The Oligocene reservoir has a reservoir pressure of 4,990 psi and reservoir temperature of 266°F at
the reservoir depth range from 3,211 m to 4,356 m [11]. The problems of the reservoir are heterogeneity
reservoir and complicated geology structure with closure pressure up to 7700 psi and both reservoir
porosity and reservoir permeability are still low, with the range from 12% to 18% and the range from 0.1
mD to 5 mD, respectively. To solve these issues, it necessarily needs to stimulate that reservoir in order to
enhance oil flow rate by hydraulic fracturing. The systematic hydraulic fracturing procedure has been
briefly conssisted including fracture geometry model, material balance, and net present value model. It is
therefore, the study goes to find optimization of fracturing parameters including injection rate, injection
time, and total leak-off coefficient by using the CCD and RSM [1][2], which based on the economic
performance where the net present value is maximized.

2. Material and method

2.1. Fracture geometry model

There are the numbers of fracture models used for fracture treatment design, which are 2D fracture
geometry without fluid leak-off consisting GDK, PKN and Radial [4][5][6] and 2D fracture geometry
with leak-off coefficient and power law parameters index including PKN-C model, GDK-C model and
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Radial-C model [4] [5][6]. The 2D fracture geometry models often maintain the fracture height is
constant during pumping. It is therefore, 2D fracture geometry models without fluid leak-off did not
estimate accurately fracture dimenions and fluid efficiency (Pitakbunkate, Yang, & Valko", 2011). The
2D PKN-C model is sufficient to design fracture treatments of course three-layer problems and may be
multi-layer problems as well Rahim and Holditch (1995) )[10][13].

2.2. Fracture conductivity and production model

In order to simulate oil production, the constant bottom hole pressure, and transient oil production have
been used to predict oil well production at post fractured well in comparison with the oil production rate
of the base case of which effective wellbore radius is used instead of drilling wellbore radius (r). As
knowing that, the effective wellbore radius is a function of the pseudo-skin (Sf). Cinco-Ley and
Samaniego (1981) [2] had presented a graphical solution the pseudo-skin to the dimensional fracture
conductivity, Fcp. Generally, the time for transient oil production is short, sometimes around a year or
over. The transient oil production still remained until the start of the pseudo steady state flow regime.

2.3. Material Balance

Cater solved the material balance accounts for the leak-off coefficient, spurt loss, injection rate, injection
time, and power law parameters n, K. The material balance is presented as equation; Vi = V¢ + V) in
which V; is the total fluid volume injected to the well and Vi is the fracture volume [1] [6].

2.4. Net present value (NPV) model

Net present value is defined as the revenue from the production forecast for the fractured well minus the
production forecast for the same reservoir with unstimulated well and the total cost of treatment in current
dollars. In this research, the net present value model of the future revenue can be calculated by equation

below:
b (V) S (), W
T+ T T
Ctr :Cpr +th| +Cpu +FC (2)
Tab.1. Reservoir data in lower Oligocene E sandstone reservoir, offshore Viet Nam

NPV=

Parameter Value

Target fracturing depth, ft. 12,286
Reservoir drainage area, acres 122
Reservoir drainage radius, ft. 1,300
Wellbore radius, ft. 0.328
Reservoir height, ft. 72
Reservoir porosity, % 12.1
Reservoir permeability, md 0.5
Reservoir fluid viscosity, cp 15
Oil formation volume factor, RB/STB 14
Total compressibility, psi* 1.00 x10°%
Young modulus, psi 5x10°
Sandstone Poisson Ratio 0.25
Leak-off coefficient, ft/min®® 0.003-0.007
Injection rate, bpm 40-50
Injection time, minutes 60-120
Initial reservoir pressure, psi 4,990
Reservoir temperature, °F 266
Oil API 36.7
Gas specific gravity 0.79
Bubble point pressure, psi 1,310
Flowing bottom hole pressure, psi 3,500
Closure pressure, psi 7,700
EQJ, ppg 8
Flow behavior index, n 0.69
Consistency index, K, Ibf.s"/ft? 0.004

116



Fracturing fluid cost, $/gal 1
Proppant cost, $/Ib. 1
Hydraulic horse power cost, $/hhp 20
Fixed cost, $ 15,000
Revenue discount rate, i, % 10
QOil price, $/bbl 100

Fracturing fluid: Fracturing fluid type: Dowell YF 660 HT without breaker with 2% KCI
Proppant data: 20/40 CARBO-Lite Ceramic, ISP, 169 Ib/ft?, conductivity at 1.78Ib/ft?
under closure pressure of 7700 psi, at 3400md.ft

Tab.2. Independent variables and post fractured well production with simulation observed

Coded level of variables | Actual level of variables Responses (Simulation observed)
Run | X1 | X2 X3 bpm Minutes ft Cumulative Oil NPV, $mm
/min®5 Production (bbl)
1 1] -1 -1 40 60 0.003 1,498,200 103
2 1 -1 -1 50 60 0.003 1,557,400 109
3 -1 1 -1 40 120 0.003 1,595,500 112
4 1 1 -1 50 120 0.003 1,660,100 118
5 1) -1 1 40 60 0.007 1,134,700 88.4
6 1 -1 1 50 60 0.007 1,386,100 93.1
7 -1 1 1 40 120 0.007 1,410,700 95.3
8 1 1 1 50 120 0.007 1,467,600 100
9 -1 0 0 40 90 0.005 1,446,900 94.1
10 1 0 0 50 90 0.005 1,505,300 104
11 0 -1 0 45 60 0.005 1,427,200 96.9
12 0 1 0 45 120 0.005 1,514,300 105
13 0 0 -1 45 90 0.003 1,557,400 115
14 0 0 1 45 90 0.007 1,406,700 94.9
15 0 0 0 45 90 0.005 1,477,300 105
16 0 0 0 45 90 0.005 1,477,300 105
17 0 0 0 45 90 0.005 1,477,300 105
Tab 3. Three Independent Variables and Their Levels
Low Center High
Variable symbol -1 0 1
Injection rate, bpm X1 50 45 50
Injection time, minutes X2 60 90 120
Leak-off coefficient, ft/min®® X3 0.003 0.005 0.007

3. Results and discussions

The study has been optimizing for three main operating fracturing parameters condition as injection rate,
Xi, injection time, X», and the leak-off coefficient, X3 by maximizing net present value. Due to fracture
treatment in the lower Oligocene sandstone reservoir, the parameters have been considered here based on
the experience in oil field. The injection rates must be limited pressure loss through pipe systems, ranging
from 40 bpm to 50 bpm and the injection time has been brought with high fluid efficiency with ranging
from 60 minutes to 120 minutes and the leak-off coefficient was the range from 0.003 ft/min®° to 0.007
ft/min®5. These parameters use for DOE with the (CCD) [1], which is presented in the table 2 and table 3.
With the operating hydraulic fracturing parameters condition at k = 3, the replicate tests at the centre (n, =
3) and the total run cases is required about (23 + 2x3 +3 = 17), which presents the detail in the table 2
with the cumulative oil production over the period of 10 years. Response surface methodology is the best
tool in order to find optimization of operating parameters. This method can be saved the fracture
treatment cost with suitable design parameters with maximizing net present value (NPV). The correlation
between response with the independent variables and interaction variables has been illustrated as the
fracture model below.

Y=103.332+3.13X,+3.99X,-8.53X,-3.03168X’-1.13169X>+2.86831 X2+

4.2134x10°X X,-0.325X,X,-0.525X, X, .
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Tab.4. Regression Coefficient of the Predicted Quadratic Polynomial Model

NPV Standard Standard P Confident
Coefficient Error Interval (%)
Constant 103.332 0.923094 1.19698x101? 2.1828
X1 3.12999 0.682187 0.0025192 1.61314
X2 3.99 0.682187 0.000631345 1.61314
X3 -8.53 0.682187 4.82224x106 1.61314
X1.X1 -3.03168 1.31794 0.054966 3.11648
X2.X2 -1.13169 1.31794 0.418948 3.11648
X3.X3 2.86831 1.31794 0.0659952 3.11648
X1.X2 4.2134x10° 0.762708 1 1.80354
X1.X3 -0.325 0.762708 0.682826 1.80354
X2.X3 -0.525 0.762708 0.513396 1.80354
N=17 Q*= 0.825 Cond. no = 4.4382
DF=7 R?= 0.969 Y-miss =0
R? Adj =0.930 RSD =2.1573
Confident level =0.95

The maximum net present value is at the top area in the figure 1, which is 119 million USD according to
optimize the leak-off coefficient at 0.003 ft/min®S, the injection rate of 47bpm, and injection time of 119

minutes.

Tab.5. Results of Fracture geometry

Parameter Value
Fracture half-length, ft. 1,449.44
Maximum near wellbore width, in 0.567
Average fracture width, in 0.356

3.1. Proppant concentration schedule

The figure 2 has been presenting proppant loading concentration schedule and described about how
proppant has been adding to fracturing fluid to increase the proppant concentration until reaching (EOJ)

of 8 ppg during pumping.
Tab.6. Results from material balance at optimal parameters

Parameter Value
Fracture area, ft%. 208,719
Fracture volume, gal 555,842
Total fluid volume injected, gal 234,906
Fluid efficiency, % 19.7
Pad volume, gal 157,524
Time to pump pad volume, min 80
Average slurry concentration, ppg 4.8
Mass of proppant requirement, Ib. 370,561
Propped width, in 0.2
Proppant fracture concentration, lb/ft? 1.78
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3.2. Production profile analysis

Fig.3. Transient oil production of unstimulated case

and stimulated case

Tab.8.Fracture conductivity and production at optimization of operating parameters

Parameter Value
Closure pressure, psi 7,700
Fracture conductivity, md-ft. 3,400
Dimensionless fracture conductivity, Fcp | 2.34
Pseudo-skin factor, st -7.18
Effective wellbore radius, ft. 432
Productivity ratio 7.5

4, Conclusion

From this work, it is possibility to successful fracturing stimulation based on optimal operating
parameters conditions, which can summary these views as following.

The RSPM and CCD are the best tool to find optimum fracturing parameters condition of hydraulic
fracturing in the tight oil sandstone Oligocene reservoir, where the maximum NPV is determined at 119$
and optimal injection rate, injection time, and leak-off coefficient, with 47 bpm, 119 minutes, 0.003
ft/min®, respectively.

The 2D PKN-C fracture geometry model is suitable to fracture treatment in the tight oil sandstone
Oligocene reservoir of which fracture half-length has longer than the fracture height.

By applying optimization of fracturing parameters in the Oligocene E reservoir, the fractured well had
been shown that the productivity has been reached of 7.5 folds, which demonstrates that the oil
production rate of fractured well is higher than in oil production rate of the base case.

Nomenclature

Cy = The total treatment cost, $

Cor = The total proppant cost, $

o = The total fluid cost, $

Cpu = The total pumping horse power cost, $

FC = Total fixed cost, $

NPV = The net present value of a fractured well.

N = The number of year periods.

Ve = The fracture value production revenue of a stimulated case reservoir, $

Vo = The fracture value production revenue of an unstimulated case reservoir, $

i = The discount rate, %.
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TOM TAT

Du béo khai thac mo dau 1a mét thach thac Ion trong nganh cong nghiép Dau khi. M6 hinh va két qua
du bdo khai thac d3c biét can thiét cho cong viéc quan Iy- diéu hanh me. Hién nay, bai toan du béo khai
thac dugc giai quyet cha yéu nho sir dung cac phuong phéap du bao truyen théng mang tinh kinh nghiém
thuan tay. Trong sé cac husng nghién cau nham trién khai cac hé théng théng minh, mot xu hudng
nghién ciru dang phat trién trén thé gisi 1a xay dung dang cong cu du béo sir dung céc thuat toan hoc may.
Bai béo gisi thiéu kha niang ap dung mé hinh mang tri tu¢ nhan tao (ANN) dé du bao khai thac cho ddi
tuong Mong - mé Bach H6. Md hinh ANN Ia ham cua 6 théng s6 dau vao (luu lugng khai thac dau, luu
lwong khai thac chét luu, ap suit via, luu lugng nude bom ép va sé giéng khai thac), duoc tdi wu hoa va
cho két qua dau ra tét nhat vai md hinh 2 16p an, mdi 16p an c¢6 10 va 7 no-ron. Két qua du bao khai thac
tir md hinh mang tri tué nhan tao cho thiy d6 chinh xac twong d6i cao so vai thuc té khai thac, sai so tuyét
dbi trung binh luu lugng dau khai thac khoang 244.09 tin/ngay va sai s twong dbi trung binh 1 4.6%.

Tor khéa:“Tri tué nhan tao”, “hoc may”, “du bao khai thac”, “quan ly mo”.

1. Gigi thiéu

Hoc may la mot phuong phap phéan tich dit liéu mot cach ty dong hoa théng qua md hinh phan tich.
Bang cach sir dung céc thuat toan lap dé hoc tir dir liéu, hoc méy cho phép may tinh tim thiy nhiing thong
tin, gia tri an sdu ma khong thé 1ap trinh mot cach rd rang duoc. Khia canh lap cia hoc may 1a rat quan
trong bai vi khi cac md hinh mang nay dugc tiép xuc véi dir liéu méi thi chiing c6 thé thich (tng mot cach
doc 1ap. Ching hoc tir cac tinh toan trude d6 dé dua ra nhirng quyét dinh ciing nhu két qua lap lai dang tin
cdy. Do 1a mot nganh khoa hoc khéng méi nhung hién nay dang danh duoc nhiéu sy quan tdm cua cac
nha khoa hoc trén thé gi6i dé phat trién manh hon nira.

Nho vao cac cong nghé dién toan mai, hoc may hién nay khong con gidng nhu hoc may trong qua khu.
Trong khi rat nhiéu cac thuat todn hoc may van con duoc sir dung hiéu qua trong mot thoi gian dai, kha
nang ty dong ap dung cac phép tinh todn hoc phuc tap trén tap dit liéu I6n ngay cang 16n hon va nhanh
hon- 12 mot sy phét trién gan day. Mot trong cac phuong phap hoc méy phd bién nhat 12 mé hinh mang tri
tué nhan tao (ANN). Trong khoa hoc may tinh, mé hinh mang tri tué¢ nhan tao hay thudng goi ngan gon
Ia mang no-ron Ia mot md hinh todn hoc hay mé hinh tinh toadn dwoc xay dung dua trén cac mang no-ron
sinh hoc. N6 gom c6 mét nhém céc no-ron nhan tao (nat) ndi vaoi nhau, va xu ly théng tin bing cach
truyén theo cac két ndi va tinh gia tri méi tai cac nat. Trong nhiéu truong hop, mang no-ron nhan tao la
mot hé thong thich ng tu thay dbi cau tric cua mang dua trén céc thong tin vé dir liéu lich sir hoic céc
ké hoach tuong lai trong qua trinh hoc.

Trong thuc té sir dung, nhidu mang no-ron I1a cac cong cu md hinh héa dir liéu théng ké phi tuyén.
Ching c6 thé duoc dung d& mo hinh héa cac mdi quan hé phuc tap gitra dit liéu vao va két qua hoic
dé tim kiém céc dang/mau trong dir liéu. Hinh 1 va hinh 2 1an luot biéu dién ciu tric mang neron sinh hoc
co ban va cu tric no-ron nhan tao.

*Tac gia lién h¢
Email: tutd@vpi.pvn.vn

121


https://vi.wikipedia.org/wiki/M%E1%BA%A1ng_n%C6%A1-ron
https://vi.wikipedia.org/wiki/M%C3%B4_h%C3%ACnh_to%C3%A1n_h%E1%BB%8Dc
https://vi.wikipedia.org/wiki/M%C3%B4_h%C3%ACnh_t%C3%ADnh_to%C3%A1n
https://vi.wikipedia.org/w/index.php?title=M%E1%BA%A1ng_n%C6%A1-ron_sinh_h%E1%BB%8Dc&action=edit&redlink=1
https://vi.wikipedia.org/w/index.php?title=M%E1%BA%A1ng_n%C6%A1-ron_sinh_h%E1%BB%8Dc&action=edit&redlink=1
https://vi.wikipedia.org/w/index.php?title=N%C6%A1-ron_nh%C3%A2n_t%E1%BA%A1o&action=edit&redlink=1
https://vi.wikipedia.org/w/index.php?title=H%E1%BB%87_th%E1%BB%91ng_th%C3%ADch_%E1%BB%A9ng&action=edit&redlink=1
https://vi.wikipedia.org/wiki/M%C3%B4_h%C3%ACnh_h%C3%B3a_d%E1%BB%AF_li%E1%BB%87u
https://vi.wikipedia.org/wiki/Nh%E1%BA%ADn_d%E1%BA%A1ng_m%E1%BA%ABu

Khép no-ron

Nhén Sgi truc ra A /

— -
-— o — —_— ——/“

5 N
Than te bao /
N\ Cic nhénh vao hinh ciy

Hinh 3. Cdu tric cua mét noron sinh hoc

Cic nhanh vao hinh ciy Than té bao Setumers

- = PaurayY
W
X B ‘> —
. u
N
% o
Xan Ham tong Ham truyén

Trong s6 lién két -
Pau vao

Hinh 4. No-ron nhan tao
2. M6 hinh mang tri tu¢ nhan tao (ANN)

M6 hinh mang ANN pho bién nhat Ia ciu tr(ic mang da 16p (MLP) st dung thuat toan lan truyén
nguoc. Céu tric MLP bao gdm it nhit 3 16p trong bo xu 1y dugc lién két théng qua cac két ndi co trong
s6. L6p dau tién bao gdm cac vector dau vao va 16p cudi chua Vector dau ra. C4c 16p 4n, mo ta cac chudi
no-ron va hiéu chinh dit liéu dau vao thdng qua viéc gan trong sb.

C6 ba giai doan chinh dé dao tao mang véi thuat toén lan truyén nguoc. Trong giai doan dau tién,
vector dau vao hién thi mot mang, dwoc kich hoat thong qua qué trinh tinh toan truc tiép. Qua tr|nh taora
sai s6 giira dir liéu dau vao va dir liéu dau ra mong muén cia mang. Trong giai doan hai, cac sai 50 dau ra
duoc tinh toan tro lai théng qua thuat toan lan truyén nguoc. Dén giai doan ba, cac trong s6 két n01 duoc
diéu chinh bang phuong phap tong sai s6 binh phuong bét dau tir I6p dau ra, thdng qua cac I6p an tai lop
dau vao. Qué trinh duoc lap lai cho den khi dat dugc két qua dau ra mong muon.

Lwa chon mot md hinh ciu trdc téi vu 1a nhiém vu khé khan yéu cau mot qua trinh thir va tim 13i lién
tuc.Do d6, mot s mang véi s6 luong 16p an, thuat toan dao tao, cac ham kich hoat dugc thir va cac sai s6
tong quat hoa duoc dyu bdo cho mdi mang.Mot mang c6 sai sé tong quat hoa duoc dy bédo nhé nhét s&
duoc chon.

3. Dir ligu khai thac mé Bach Hé- déi tugng Mong

Than dau d4 Mong mo Bach Ho bat dau khai thac tir nam 1988. Ap suat via ban dau cua tang Mong tai
d6 su tuyét d6i 3650m (vi tri giira than dau gia dinh) 1a 417 at, dua theo két qua do ap suét tai céc giéng
2, 401, 402, 417,...vao thoi diém bat dau dua vao khai thac. O giai doan dau khai thac ap suét via suy
giam manh va ché do khai thac 1a ché do dan hoi kin.Tai thoi diém quyét dinh &p dung hé thong bom ¢ ép
ap suat via giam 137 at xu0ng con 280 at. Tir nim 1995, sau hai nim bit dau bom ép, toc do suy glam ap
suat via da cham lai, ché d¢ khai thac thay doi tir ché do dan hoi thanh ché do cot ap nudce dan hoi va &p
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suét via thyc té cua cac giai doan suy giam 6n dinh. Tinh dén thoi diém 31/5/2018, tong luong dau khai
thac tir ¢a mong 1a 217 trigu m3 (180 trigu tan) chiém 86% tong san lugng dau di khai thac ciia Vietsov-
Petro, Iuu lwong khai thac trung binh khoang 6,000 tan/ ngay, d6 ngap nuéc 60%.
4. Tidn xit Iy di ligu khai thac

Thong thudng, moét mé hinh mang khéng thé chinh xac néu dir liéu dau vao khong day du. Vi thé,
trude khi ddo tao mang, dir liéu khai thac phai dam bao do tin cay dé tranh sai s6 1on tir md hinh mang
duoc dao tao. Tuy nhién, phu thugc vao cac van dé gap phai, mot phan di liéu dau vao c6 thé duoc sir
dung dé kiém tra chat lugng mé hinh mang. Mot cach dé kiém tra chat lugng mé hinh mang la quan séat
biéu dd san luong dau vao dé lya chon giai doan pht hop nham loai bo céc dir liéu nhidu. Hinh 3 hién san
lwong khai théc dau theo thoi gian va duoc chia thanh cac giai doan. Tap dir liéu 1 sir dung 284 théng di
liéu (tir 5/1993 t&i 12/2016) dé xay dung md hinh cau tric. Trong khi tap dit liéu 2 sir dung 16 thang dir
liéu (tir 1/2017 t&i 5/2018) dé dy bao lwulwong khai thac dau.
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Hinh 3. Biéu do luwu lrong khai thac dau tir 9/1988 téi 5/2018

Dé tranh hién tuong mod hinh mang qua khép (overfitting) hodc chwa khop (underfitting)vai tap dao
taova nang cao chit lwong moé hinh mang ANN, dir liéu ban dau dugc phan chia lam 3 phan: dao tao
(training), xac thuc (validation), va kiém tra (testing). Phan dao tao sir dung 190 thang dit liéu (67%) dé
tinh toan d6 doc (gradient)va cap nhat trong sé va sai sé cua mang. Phan xac thuc sir dung 47 thang dix
liéu (16,5%) dé kiém tra chat luong mang trong qua trinh dao tao. Qua trinh dao tao c6 thé dimng khi két
qua mod hinh mang trong qué trinh xé&c thuc cho sai s6 nho nhat. Phan kiém tra sir dung 47 thang di liéu
(16,5%) dé tinh chinh md hinh mang, khong duoc sir dung dé dao tao va xac thuc, chi dé xac thyc cau
trdc téi twu, lya chon md hinh mang phu hop va danh gia hiéu suat hoat dong mé hinh mang.

5. Cau trdc mang ANN

Vén dé cbt 16i cua phuong phap dugc dé cap trong bai béo 1a lua chon ddu vao mot cach chon loc va
déy di nhat ¢ thé. Hay noi cach khac, phai tim ra mot bo dau vao hiéu qua biéu dién céc ddc trung chinh
lién quan den du béo khai thac. Mang no-ron dé xut dua trén kinh nghiém thyc té va méi quan h¢ gitra
céc thong sb anh huong téi lich sir khai thac dau dé du bao kha nang khai thac c¢ tinh dén sé luong gleng
khai thac, luu Iugng bom ép va ap suét via. . Cac théng s6 dau vao duoc tom tit dudi dang biéu do hop
trong hinh 4.

123



] [ 60020
5000 o 20
Wi m
S0
30004 i wa
L
— a0 8
280
OO0
30000 { W)
260 50 4
£
15000 1 s
2401
Sa0a &0 1
10000 4 ooy
:I'-' 1
] acs |
- L 4 L . .. Ll |
1 1 1 1 1
FLPR FOPE FPR IR NOP

Hinh 4. Tém tat cac théng sé dau vao si dung cho nghién citu

Hinh 4 tom tit cac thong s st dung trong nghién ciru ndy véi luu luong khai thac chét luu dao dong tir
9080.7 tAn/ ngay dén 37452 tin/ngay; Luu lwong khai thac dau dao dong tir 4521 tin/ngay dén 35959
tan/ngay; Ap suat via 210 at &én 322.7 at; Luu lwong bom ép nuée dao dong tir 1408 m3/ngay dén 58698
m3/ngay; S6 lugng giéng khai thac dao dong tir 31 giéng dén 74 giéng.

Mang no-ron c6 5 théng s dau vao va 3 thong s6 dau ra. Cac thdng sé dau vao 1a luu lugng khai thac
dau trung binh (FOPR) tai thoi diém t, luu lugng khai thac chét luu trung binh (FLPR) tai thoi diém t, 4p
suét via trung binh (FPR) tai thoi diém t, luu luong bom ép nuéc (IR) tai thoi diém t+1 va sb luong giéng
khai thac (NOP) tai thoi diém t+1. Thong sé dau ra 1a luu luong dau trung binh tai thoi diém t+1, luu
luong khai thac chat luu trung binh va 4p suét via trung binh tai thoi diém t+1. Lya chon mot mang no-
ron c6 cau truc tbi wu bang phuong phép thir va phat hién 13i. Tir 6, nhém tac gia da lya chon duogc két
qua tot nhat tr md hinh mang ANN bao gdom 2 Iép an, mdi 16p an c6 10 va 7 no-ron. C4c ndt trong 16p
an va 16p dau ra dugc kich hoat théng qua ham chuyén Sigmoid va dugc dao tao bang thuat toan lan
truyén nguoc.

6. Két qua va thao luan

Céc thong sb thdng ké sir dung dé tinh toan kha nang dy bao cua mang ANN dat dwoc tir qua trinh dao
tao, x&c thuc, kiém tra va du bao duoc tém tit trong bang 1. Tur bang 1 ta thiy cac két qua danh gia sai sb
tuyét d6i (AE) va sai sé tuong ddi (ARE) cua 3 thong s6: luu lwong dau khai thac, luu luong chit luu khai
thac, &p suat via trung binh vai sai s tuyét ddi trung binh trong:

+ Qua trinh dao tao:
v AE : 477 tan/ngay , 528tin/ngay, 5.5at;
v ARE: 3.06 %, 2.64%, 2.25 %;

+ Qua trinh xac thuc:
v AE :998tin/ngay, 1112tin/ngay, 6.67at;
v ARE: 5.51%, 5.26%, 2.76%;

+ Qu4 trinh kiém tra:
v AE :1065tin/ngay, 992tan/ngay, 5.38at;
v ARE: 6.01%, 4.67%, 2.17%.

Céc két qua sai s6 nay dwoc danh gia 1a thip va dudi gigi han cho phép. Két qua cac qua trinh dao tao,
xé&c thuc va kiém tra duoc biéu dién trén hinh 5, 6 va 7.

124



A

Luu lugng khai thae, tan/ngay

Data_Training
1st Dataset

40000 350
35000 300
30000 i
250
25000 =
200 &
S
20000 =
150 %
15000 '%
100
10000
O 50
5000 N A
0 0
0 50 100 150 200 250 300

Thei gian, thang

® H Data_Train FOPR ¢ H_Data_Train FLPR ===M_Data_Train FLPR
M_Data_Train FOPR « H_Data_Train FPR ——M_Data_Train FPR

Hinh 5. Két qua qud trinh dao tao heu lwong dau, leu hirong chat long va &p sudt via trung binh

Luu lugng khai thée, tAn/ngay
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Hinh 6. Két qua qué trinh xac thuc leu heong ddu, leu leong chadt long va &p sudt via trung binh
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Hinh 7. Két qua qué trinh kiém tra leu heong dau, lueu leong chat long va &p sudt via trung binh

Dé nghién ctru, danh gia mtc d6 chinh xéac va chit luong cua md hinh mang, tap di liéu thir 2 duoc sir
dung dé du bao san luong khai thac dau. Luu luong khai thac diu duoc du béo khép véi gié tri lich sir
cho thdy mé hinh mang dugc dao tao c6 thé sir dung nhu mot céng cu quan |y khai thac manh mé va thuc
té (hinh 8). Sai s6 tuyét ddi trung binh cia luu lwong dau, luu luong chat luu va ap suét lan luot 12
244.09tan/ngay, 486 tan/ngay, 6.45 at va sai sé twong ddi trung binh cua luu lwong dau, luu lugng chat
Iwu va ap suat lan luot 12 4.6%, 4.37%, 2.96% (bang 1).

Bang 1. Bang thong ké danh gid sai s6 cia md hinh mang tri tué nhan tao

FOPR | FOPR | oy | AREL | FLPR | FLPR | o) | AREZ | FRP | FRP | o | ARE3
PAO TAO
Trungbinh | 10523 | 19639 | 477 | 306 | 22410 | 22425 | 528 264 | 245 | 243 | 549 | 225
*Z;:&‘;%h 10034 | 9959 | 375 2.74 8815 8790 | 413 217 2% % | 542 | 216
Nh nhit 4521 | 4748 0 0.00 9081 9508 6 0.03 210 | 220 | 003 | o001
Lénnhit | 35050 | 35200 | 2084 | 17.69 | 37452 | 37037 | 2121 | 967 | 309 | 309 | 308 | 1156
TAP XAC THUC
L.%E 1 | Trungbinh | 19469 | 10558 | o998 | 551 | 22289 | 22270 | 1112 | 526 245 | 247 | 667 | 276
2‘;]:;‘3”" 9973 | 9649 | 995 4.92 8772 8411 | 1020 | 445 28 26 | 708 | 302
Nho nhit 4669 | 4901 15 0.23 9438 9902 20 014 | 211 | 216 | 016 | 006
Lénnhit | 35478 | 34648 | 5407 | 232 | 37204 | 36382 | 5480 | 2022 | 305 | 209 | 278 | 12.69
KIEM TRA
Trungbinh | 19380 | 19712 | 1065 | 601 | 22216 | 22383 | 992 | 467 26 | 245 | 538 | 217
DY lech 10015 | o9ge4 | 1198 | 502 8765 8697 | 1033 | 385 27 26 | 666 | 255
Nh nhit 4525 | 4820 0 0.01 9464 9829 13 0.10 217 | 221 | 003 | o001
Lénnhit | 35367 | 35643 | 6883 | 1946 | 36778 | 36754 | 5047 | 17.36 | 306 | 304 | 323 | 1213
DU BAO
Trungbinh | 5280 | 5351 | 2441 | 460 | 11005 | 10043 | 486 | 437 220 | 220 | 645 | 2.96
s Dg lech 350 306 | 1835 | 343 726 224 435 | 397 7 3 | 500 | 238
HIEUZ 1 e nhat 4692 | 4926 | 2274 | 042 o464 | 10570 | 38 0.35 206 | 216 | 055 | 025
Lén nhét 5848 | 5880 | 5835 | 1047 | 12097 | 11362 | 1247 | 1317 | 234 | 228 | 186 | 9.02
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Hinh 8. Két qua du béo heu lwong dau, heu luong chat long va ap sudt via trung binh (tir thdng 1 nam
2017 den thang 4 nam 2018)

7. Két luan

Nghién ciru cung cip mot phuong phap mai dé du bao luu lwong khai thac dau trén tap dir liéu lich st
khai thac. Két qua nghién ciru cho thay du bao luu luong dau va p suat via twong ddi chinh xac va ciing
cho thiy kha ning tong quét héa bai toan dy bao trén md hinh mang ANN, tr thanh mot cong cu hiru
hiéu dé co thé giai quyét duoc nhiéu bai todn khac nhau trong k thuat khai thdc moé mot cach hiéu qua.
Bén canh dé, can c6 nhiéu nghién ciru chuyén sau vé xay dung md hinh mang tri tué nhan tao st dung cac
loai thuat toan khac nhau ciing nhu cac loai thong sé khac nhau cé anh huéng dén du bao luu lwong khai
thac nhu 4p suat day giéng, d6 md con van, luu lwong bom ép gaslift...
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ABSTRACT

Research on applied artificial neural network model to forecast

production for white tiger field’s granite basement formation
Tran Pang Ta', Nguyén Thé Buc!, Lé Quang Duyén?, Pham Truong Giang®, Lé Vii Quan!,
L& Qudc Trung, Tran Xuan Quy?, Tran Pang Duc?.
! VietNam Petroleum Institute
2 HaNoi University of Mining and Geology
3HaNoi University of Science and Technology

Forecasting oil fields is a major challenge in the oil and gas industry. Simulation model and prediction
results play an important role in field operation and managenment. Presently, production forecasting
problems are resolved mainly by using pure experience traditional prediction methods. In recently
research directions, a growing trend of research in the world is constructing predictive tools using
machine learning algorithms.The paper introduces the applicability machine learning through the artificial
neuralnetwork to predict oil production for Basement formation — While Tiger field. The developed
model predicts oil flow rate as functions of oil rate, liquid rate, reservoir pressure, water injection rate and
the number of producers. The most optimization model contains 2 layers and 10 no-ron in the first layer
and 7 in the second layer. The result of prediction model shows high accuracy, the Mean absolute error is
about 244.09 ton per day and mean absolute relative error is 4.6%.

Keywords: “Artificial Neural Network”, “Machine learning”, “Oil Production”, “Reservoir Management”.
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ERS® . o
ERS® HOQI NGHI TOAN QUOC KHOA HQC TRAI DAT
EARTH BCIENCES MO VA TAI NGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Thiét ké chwong trinh tram xi mang cho cac giéng khoan khai thac
tai 10 b&48/95,va 52/97 cum mo
Kim Long - Ac Quy - Ca Voi
Nguyén Tran Tuan'*
! Trueong Pai hoc M6 - Pja chdt

TOM TAT

Trong pham vi bai béo, tac gia trinh bay mot s6 két qua nghién ciu vé thiét ké chuong trinh tram xi mang
phuc vu cho cong tac khoan phét trién mo tai B&48/95 va L6 52/97. Dy an duoc cho 1a ¢6 tiém nang rat
I6n vé khi va condensat va c6 trién vong khai thac trong vong 30 nam t6i. Khu vuc trién khai dy &n c6
dic thu 1a xa bo, dbi twong chia khi cua cac mo Kim Long-Ac Quy-Céa Voi (KL-AQ-CV) nam trong cac
tap cat két J va non-J.

Khi gap diéu kién nhiét do cao, &p suét cao, chat lwong cua da xi mang c6 xu thé bi suy giam do qua trinh
thily phan ciia xi mang bi anh huéng bei tinh thé vt chat va qua trinh chuyén doi pha. Trong thoi diem
hién tai, nganh cong nghiép dau khi chu yéu sir dung xi mang mac G theo tiéu chuan API dé phuc vu cho
qué trinh trém xi mang giéng khoan. Can cur vao dac thu cua mo, dac thu diéu kién dia chat, tac gia da dé
XUt chuong trinh tram xi mang cho cac giéng phét trién mo, giéng xac dinh ranh gigi, giéng bom ép
nuéc, Xt 1y nuéc via. Bén canh do, tac gia ciing dwa ra cac chi tiéu k§y thuat vira xi mang can dat dugc dé
da xi mang sau khi tram s& ¢6 chat luong Ia tot nhat véi chi phi tram tiét kiem.

Tirkhoa: Tram xi mang, nhiét do cao, ap suat cao, phat trién mo, 16 B&48/95 va 16 52/97

1. Téng quan 16 B&48/95 va Lo 52/97 va du an phat trién mé

BLOCK 31

Hinh 1. So do vi tr| L6 B&48/95 va Lo 52/97

*Tac gia lién hé
Email: nguyentrantuan1102@gmail.com

129



L6 B&48/95 va L6 52/97 nam & khu vire ngoai khoi phia Tay Nam Viét Nam, thudc bon triing Malay -
Thé Chu véi @6 sau nudc bién trung binh khoang 77 m va khoang cach dén by 250 km, cach nha may
nhiét dién O Mén khoang 400 km (Hinh 1). Tong dién tich phét trién va dién tich con lai cua 2 Lo la
3.002,5 km? [1].

Céc Lo B&48/95 va Lo 52/97 di co tuyén bd phat hién thwong mai dau tién vao ngay 08/5/2002 véi
trir lvong thu hdi cip 2P theo béo céo trir lvong dau khi tai chd (RAR) nam 2004 1a 5.681 ty bo khdi khi
va 23,53 triéu thang condensat va bao c4o trit lwong dwoc cap nhat nam 2010 1 6.009 ty bo khdi khi va
25,3 triéu thang condensat. Ké hoach phét trién mo dai cuong (ODP) ddi véi cac mo Kim Long, Ac Quy
va C4 Voi da dugc Tap doan Dau khi Viét Nam phé duyét ngay 08/8/2007.

Dy 4an dugc danh gia vai gia dinh gia han t¢i nam 2044 (phu hop véi danh gia tai FDP phién ban 4
cling nhu céc dé xuat cua PVN/Céc bén nha thau ti Bo Cong thwong/Chinh phu). Pay 1a diéu kién tién
quyét dé trién khai dy &n, nam trong nhoém céc diéu kién can dat dugc dé cé thé di dén quyét dinh dau tu
cudi cung (FID), dam bao loi ich cho tit ca cac Bén tham gia trong chudi quy hoach téng thé caa Chinh
phu (thuwong ngudn, trung ngudn va ha ngudn) [1].

Dy an da hoan thanh cong tac tham do tham luong. Bao cao tinh trir luong dau khi cho cac cau tao
Kim Long, Ac Quy va Ca Voi thudc dién tich phét trién chung da dugc Chevron hoan thién va dugc Tha
tudng chinh pha phé duyét vao nam 2004. Ban cap nhat duoc phé duyét nim 2010 véi tong trir luwong khi
tai chd cap 2P 12 6.009 ty bo khdi, trong duong véi 170 ty mét khéi khi.

2. Khai quat diéu kién dia chat khu mé

Dic diém ciu tric va kién tao dia chit bé Malay — Thd Chu ton tai nhiéu phat hién dau khi va nhiéu
dbi twong c6 thé gay ra phuc tap va su ¢ trong cdng tac khoan. Khai quat dia tang bé Malay — Thé Chu
duoc thé hién & hinh 2.

Theo két qua minh giai dia chan va khoan tham do da phat hién dugc khi trén 5 cum mé: Kim Long,
Ca Voi, Ac Quy, Vang Pen va Thién Ha. Trong tong s6 29 giéng khoan tim kiém, thim do va thim
lwong, ¢ 20 giéng phét hién khi thurong mai.
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Hinh 2. Cét dia tang tong hop bé Malay - Thé Chu
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3. Ké hoach khoan

Trude ddy, Chevron da khoan 29 giéng thim do, tham luong trong cac 16 B&48/95 va Lo 52/97. Trén
co s& K& hoach Phét trién mo Phién ban tht 4 do NPH d¢é trinh thang 5/2017 (FDP Rev4), du kién cac
Phuong 4n phat trién nhu sau [ .

- Truong hop 1: Phat trién dong thoi ca Dién tich Phat trien chung (AJD) va Dién tich Phat
trién treo (SDA), bao gom cac Phuong an:

+ Phuong 4an 1 - Phuong 4n cao: S& khoan 754 giéng khai théac, 3 giéng bom ép nudc va
23 giéng tham lugng/phan dinh ranh gidi.

+ Phuong 4n 2 - Phuong 4n co sé: S& khoan 911 giéng khai théac, 3 giéng bom ép nuéc
va 30 giéng tham lwong/phan dinh ranh gidi.

+ Phuong 4n 3 - Phuong 4n thip: S& khoan 1.040 giéng khai thac, 3 giéng bom ép nudc
va 43 giéng tham luong/phan dinh ranh gidi.

- Truong hop 2: Chi phat trién dién tich phat trién chung:

+ Phuong 4n 4: S& khoan 833 giéng khai théc, 3 giéng bom ép va 29 giéng thim
lugng/phan dinh ranh giéi.

4. Lwa chon ciu tric giéng khoan cho giai doan phéat trién mé caa dy &4n

Tat ca cac giéng khai thac khi s& dugc hoan thién véi cong nghé giéng khoan than nho vai bo thiét bi
hoan thién ¢ cing duong kinh trong (monobores slimhole). Giéng dugc hoan thién vai cot 5ng tubing 2-
7/8” dugc tha trong than giéng tran co dudng kinh 6-1/8”.

Cot dng chdng dau tién 1a dng chéng bé mat 9-5/8 inch dugc tha va tram xi méing trong than giéng
khoan 12-1/4. Than giéng khoan 12-1/4” dugc khoan thing dimg cho t6i d6 sau khoang 350 mét theo
chiéu dai than giéng (240 mét bén duéi tinh tir day bién) va khong sir dung 6ng bao (riser).

Cép 6ng chdng thir hai s& sir dung 1a dng chéng trung gian 7" va dwoc tha téi do sau khoang 1800 mét
theo chiéu dai than giéng, tai dudi ting Mioxen nhung trén ranh giGi cao nhét cua doéi hydrocacbon. Than
giéng 8-1/2" s& dugc khoan dinh huéng, sir dung choong khoan kim cwong cung véi dong co thay lyc
(mud motor).

12-1/4" hole x 9-5/4" CSG
1000' TVD

8-1/2" hole x 7" CSG
150" TVD above 1% target

6-1/8" hole x 2-7/8" CSG TBG

Hinh 3. Cau tric giéng khai thac
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Giéng khoan dugc hoan thién vai cdp dng khai thac 2-7/8” dugc tha trong than giéng khoan 6-1/8.
Cong doan 6-1/8” s& dwoc khoan bang chodng khoan kim cuwong va thiét bi dinh tdm c6 thé diéu chinh
dugc dé kiém soat hudng di ctia quy dao giéng khoan. Cong doan nay dugc khoan véi hé théng dung dich
tong hop (Non-Agueous Drilling Base Fluid) va dugc xir ly phu hop véi quy dinh cuia Tap doan Dau khi
Viét Nam, Bo Tai nguyén va Mai truong va cac tiéu chuan cia Nha Diéu hanh. Gradient ap suat di
thuong ti da khoang 12 ppg dwoc quan sat trong khi khoan qua cac cau tao cia mé Ac Quy va Céa Voi
(khoang d6 sau tir 2000 mTVDss dén 3000 mTVDss). Trong khi d6 thir d¢ tiép nhan cua vi thanh via (ap
Suat nat vo via) ¢ chan ong 7°* khoang 14,5ppg. V&i 2 ,5ppg chénh Iéch ty trong dung dich (Mud Weight
Window) du de tang ty trong dung dich khi khoan qua tang nay ma van chua v& via. Nhu vay, thiét ké
giéng khoan vai ciu triic 3 cot dng da du kiém soat duoc tang di thuong ap suat nay. (Thyc té Chevron
trude day da khoan thanh cong tai ving ndy ma khong gap su cb).

Céc thiét bi khoan va do trong khi khoan DD/LWD/MWD/Wireline cho cong doan khoan 6-1/8” hién
tai du tinh sir dung c6 thé hoat dong ¢ nhiét d6 téi da 175 d6 C. Gié thanh giéng khoan hién tai dugc xay
dung dua trén cac thiét bi nay.

Thiét ké cot dng chdng va cot dng khai thac can cr trén tinh chat kiém soét giéng khoan, tinh toan ven
cua than giéng, kha nang khoan dinh huéng, chién lugc hoan thién giéng va mirc do thu hoi trong twong
lai hodc su huy bo. Phan trén cua cot dng khai thac thiét ké véi 13 két cau nhiam ngan chan sy mai mon
trong qua trinh khai thac. Cac tiéu chuan nay duoc dua trén két qua va két luan tir cac cude diéu tra khao
sat véi nhitng giéng khoan tuong tu cia Chevron da dugc thuc hién ¢ trong ving Vinh Théi Lan.

Bang 1 la tém tit céc thdng sé ky thuat cua cac cip dng chdng cho céc giéng phat trién va giéng bom
ép nudc nudcC.

Bang 1. Thong sé ki thudt éng chang, giéng phat trién va giéng bom ép nuréc

Ap bic tinh bng chdng
Loai Do sau Mac | Treng o suat
ong | chongong | lugng | Loaidaundi | kiém | Ungsuét Ung | Ung suat
(inch) | (mTVD) Pl (o tra | ubndoc | sudtnd | cang
(psi) (psi) (psi) (10001b)
9-5/8 350 N-80 | 40 Buttress 800 3.090 5.750 915
Connection
7 1500 | N-80 | 23 CB“t”es.s 5000 | 3.830 6.340 533
onnection
27/8 | 1500 |13Cr| 6.4 Premium | 5000 | 11160 | 10570 105
Thread
Total Premium
2-7/8 | depth | L-80 | 64 5000 | 11.160 | 10570 105
1,500 Thread

5. Thiét ké chwong trinh bom tram xi miing
5.1. Lua chon logi xi méng vdi déc tinh kj thugt pha hep

Hién tai nganh céng nghiép dau khi chii yéu lya chon loai xi ming porland mac G theo tiéu chuian API
dé tram cac giéng khoan dau khi. Qua nghién cuu ly thuyét [5], két nghiém véi kinh nghiém thyc tién thi
cong khoan & vinh Théi Lan va céc viing mo c6 diéu kién tuong ty, Chevron da lya chon céc vat lidu dinh
két, cac phu gia, thiét ké don pha ché vira tram giéng, thi nghiém cac tinh chat cua vira va da xi ming theo
tiéu chuan API va trén thiét bi do hién dai md phong theo diéu kién nhiét do cao &p suét cao trong giéng
khoan va thoi gian thuc, bao dam do tin cay ctua don pha ché vita xi mang, tir d6 dua ra don pha ché vira
xi mang dam bao chét luong véi cac dic tinh ky thuat co ban dam bao dwoc thé hién & bang 2.

Bang 2 cho thiy tinh chat va dac tinh cua vira xi mang duoc thiét ké cho giéng khoan tiéu chuan than
nhé vai bo thiét bi hoan thién co cung dudng kinh trong.
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Bang 2. Ddc tinh xi mdng cho tiéu chudn thiét ké giéng khoan than nho

Pac tinh xi méang
A A - 4 X D6
Cap ong A N s Thoi Ton that A
chbng C(r::]el\l;lga;u :firi(l Ty trong | Do nhat (;'12' hlzr; gian | Nudc tu | chat luu 222
(inch) & (pp9) déo (cp) y déng | do(ml) | (ml/30
1000 | oS ay) | @
g 98 | 5o
Xi mang
9-5/8  |350 G-neat Véi |, ¢ o <150  |<50 2-3 <25 |NJA  |>1000
bot  silic
axit
Xi mang
7 1.300 G-neat Véi |, <150  |<50 35 <25 |NJA  |>400
bot  silic
axit
Xi mang
7 1.800 G-neat v6i |, o <150  |<50 23 <125 |N/A  |>2000
bot  silic
axit
b  sau|Xi mang
o.7/g  |CUdl cung|Gneat Vo), <100 |<25 3-4 0 <100  |>1500
giéng bot  silic
khoan axit

Diém dic biét trong cong thic pha ché xi miang ding cho ¢t dng chng 9-5/8" da dwoc pha tron voi
silica dé ngan ngira va tranh nhitng kho khin trong van dé hau can va don gian héa viéc xir Iy xi ming
trong bon chua cua tau dich vu va trén gian khoan.
5.2. Thiét ké chiéu sau tram va chiéu cao dang viza xi mang hep Iy trong khodng khong vanh xuyén

Cin cr vao dic thu thach hoc, kién tao dia chat khu vuc, tAc gia da dwa ra chuong trinh tram xi mang
V6i chiéu cao dang vira xi mang hop 1y dam bao d¢ bén cua cau tric giéng va an toan trong qua trinh khai
théc sau nay.

Néu chling ta xem cot dng chdng c6 chiéu dai 1a H va chiéu cao tram xi ming 1a Hc (tir day 1én) thi
chiéu dai ciia doan dng chdng khong dwoc tram la H - He. Ta coi doan (H - Hc) khong dugc tram xi ming
1 mot thanh dam chiu lyc ¢6 ngdm & hai dau. Pau trén dugc ¢d dinh bai ddu dng chéng, dau dudi ¢b dinh
vao vanh da xi mang (Hinh 4).

-

Hinh 4. M6 phdng chiéu cao dang vita xi mdng trong ong chong
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Chiéu cao dang vita xi mang dugc xac dinh véi diéu kién cot 6ng Chong duogc giir ¢ trang thai
kéo ¢ vung khong trdm xi mang va phai lubn luén ¢ dudi tai trong cho phép o méi nbi ren va phai thoa
man diéu kién sau:

FCf 2 (H - HC) Qtb + Fat + Fn
H.qw + Fat + Fn - Fer

(tb

Khi do: He >

Trong dé:

Fcs - ting luc cho phép 1am tudt hodc dit méi ndi cia doan dng thi hai tir trén xudng.
Ow - Trong lugng trung binh cua 1 m ng chdng

Fn - Luc xuat hién khi c6 sy thay ddi vé nhiét do trén doan éng treo, kG

Fa— Luc xuat hién khi 6 su thay d6i vé ap suat trong va ngoai cot ong, kG

Fn=32,1 .0 At (kG)

At =25 +30°C (C()ng thirc thuc nghiém)

Fat 0 191 Apt Qw5 8 (kG)

AP, = 1502200 KG/cm?(thay di &p suat trong 6ng)

. . Zli.qi
8w - Be day trung binh cua cot ong (8w =—— )

D - Puong kinh 6ng chdng

Cu thé, chiéu cao dang vira xi ming trong dng chong dugc thiét ké cu thé nhu sau:

- Cot bng Chéng bé mat 9-5/8" dugce bom tram xi méang 1én téi mat day bién véi mot loai ty trong vira
Xi mang duy nhat 15,8 ppg véi 100% vuot qua thé tich cua 16 khoan.

- Ong chbng trung gian 7" s& dugc bom tram xi mang 1én t6i do sau 750 mMD hoac 100 m phia trén
viing cat ndng nhat c6 chira khi ‘hydrocacbon’. Vira xi mang dwgc bom tram véi hai ty trong khac nhau,
bén trén 1a 12,5 ppg va bén dudi la xi mang vai ty trong 15,8 ppg Véi chidu cao trong duong 500 m bén
trén chan dé 6ng chong.

- Cot 6ng khai thac 2-7/8" s& dwoc bom tram xi mang vai mot ty trong duy nhét 14,0 ppg tir chan dé
cot dng khai thac cho dén 500 m bén trong chan dé cot éng chdng 7", voi khoang 20% Ién hon thé tich
cua 16 khoan than tran dua trén két qua do dia vat ly giéng khoan duong kinh giéng khoan.

6. Két luan

Trong qué trinh khoan phét trién mo tai 16 B, viéc thiét ké chwong trinh tram xi mang hop 1y 2 vé cing
can thiét trén nhidu phuong dién, goc do. Két hop kinh nghiém khoan & vinh Thai Lan va diéu kién dic
thu trong nudc, nhom tac gia da dé xuit chuong trinh tram va céng thire pha ché xi ming trong giai doan
nay dam bao ca vé kinh té, ky thuat va cong nghé. Theo danh gia ciia nhiéu chuyén gia trong nganh, hién
nay Phi Quc POC va cac Bén Nha thau hoan toan c6 kha ning trién khai thi cong cac giéng Slimhole
V6i chuong trinh tram xi ming nhu tac gia d& xuat, tuy nhién can mot khoang thoi gian nhit dinh dé vira
thi cong, vira duc rit kinh nghiém, t6i uu hoa cac cong doan dé giam thoi gian thi cong ciing nhu giam
chi phi khoan.

Tuy nhién trong qué trinh trién khai c6 thé gap rui ro ting chi phi khoan do mét s nguyén nhan cha
quan va khach quan nhu sau:

- Kinh nghiém thi cdng giéng khoan dang slimhole tai Viét Nam con han ché, nén c6 thé xay ra cac rai
ro trong qué trinh khoan s& dan dén rui ro trong viéc tang chi phi khoan.

- Rui ro khi khoan khong gap via san pham (Giéng khé), do d6 phai khoan giéng khac thay thé ciing
lam tang chi phi khoan.

- Kha ning tang gia cac dich vu khoan khi gi4 dau ting, lam ting chi phi khoan.

Dé han ché t6i da cac riii ro ting chi phi khoan cho toan dy an can:

- Ung ho tdi da cho nha diéu hanh thué nhitng nguoi diéu hanh khoan, Chong ong va tram xi ming
cling nhu nhitng ngudi lam viéc truc tiép trén gian da c6 kinh nghiém khoan giéng slimhole, nhiét d6 cao,
&p suit cao, dac biét 1a khoan giéng c6 didu kién twong ty & Thai Lan.

- Nha Diéu hanh nén hoc hoi, dic rat kinh nghiém tram xi mang, dac biét 1a kinh nghiém tram xi mang
ctia cc Nha thau ¢ Thai Lan.

- Tét ca céc dich vy khoan can dugc dau thau canh tranh qudc té dé lya chon céc Nha thau co du tiéu
chuin ky thuat va gia canh tranh nhét dé giam chi phi khoan.
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ABSTRACT
Design the cementation program for development wells at block

B&48/95 and 52/97 of the southern continental shelf of Vietnam

Nguyen Tran Tuan?
! Hanoi University of Mining and Geology

In this paper, the author presents some research results on drilling technology at zone B & 48/95 and zone
52/97. The project is expected to have potential for gas and condensate and could be producted over the
next 30 years. The project area is offshore, the gas deposits of the Kim Long-Evil-Whale mines (KL-AQ-
CV) are located in the J and non-J sandstones.

The quality of cement stone tends to be reduced due to the hydrolysis of cement affected by the material
crystal and the phase transition in high temperature, high pressure conditional. At present, the oil and gas
industry mainly uses cement grade G as API standard for the cement filling process. Based on the
geological conditions of the reservoir, the author has proposed a cementation program for wells. Along
with that, the author also pointed out the technical specifications of the cement solution to achieve the
cement quality is best with the cost of savings.

Keywords: Cement filling, high temperature, high pressure, field development, Blocks B, 48/95 and
52/97.
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E\R;S % HOI NGHI TOAN QUOC KHOA HOC TRAI DAT
EANIH BOIENGES MO VA TAI NGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Co ché tic ché cua dung dich polymer va cac yéu to anh huong khi
khoan trong dat da chira sét

Truong Van Tiur*, Nguyén Tién Hung®, Tran Dinh Kién!
Nikolay Vladimirovich Solovev?
Triong Pai hoc M - Pja chadt
Trirong Pai hoc Tham do dia chat Nga mang tén Sergo Ordzhonikidze

TOM TAT

Khi khoan qua tang dat d4 chira sét thuong xay ra nhleu phuc tap, su cb. Céc van dé nay thuong lién quan
dén hién tuong truong né sét va do 6n dinh thanh giéng khoan. Pé khic phuc céc phuc tap noi trén, ngudi
ta thuong sir dung céc loai dung dich tc ché khac nhau, dién hinh 1a dung dich polymer cao phan ti. Tuy
nhién, cac dung dich polymer thuong cé thanh phan ciing nhu don pha ché khac nhau. Co ché tc ché cua
cac dung dich nay xay ra phic tap va chiu anh huong cua nhiéu yéu té khac nhau. V6i muc dich lya chon
thanh phan va don pha ché hop ly nhim ting kha ning trc ché sét cua dung dich polymer, céc tac gia da
tién hanh nghién ciru qué trinh e ché sét cua polymer. Trong béo céo cac tac gia trinh bay két qua nghién
ctru va kién nghi nham nang cao chat lugng hé dung dich polymer dé khoan trong dat da chura sét.

Tur khod: dung dich polymer; wc ché sét; tao mang boc; dat da chura sét.

1. Téng quan vé véan dé nghién ciu

Khi khoan trong dét da chtra sét thuong xuét hién cac phirc tap, su ¢b 1am anh huéng truc tiép dén hiéu
suat khoan. Cac phuc tap nay thuong 14 nhu sap 16, mé rong va bé hep thanh giéng khoan, ket mat bo
dung cu khoan... Chling xut hién 1a do tac dong giita pha nudc trong dung dich khoan va céc khoang vat
sét gy truong nd, lam giam do bén cua dit d4 o thanh giéng khoan.

Céc nguyén nhan gy mat 6n dinh thanh giéng khi khoan trong dat da chtra sét c6 thé liét ké nhu sau:

+ Ap suit thay tinh do c6t dung dich tao ra Ién hon 4p suat via;

+ Do thai nudc caa dung dich 16n;

+ Dong dién tham thau pha nudc cua dung dich.

Su mat can bang giira &p suat cua cot dung dich khoan (Pw) va &p suit 16 rong cua dat da (P ) la
nguyén nhan quan trong lam mat on dinh thanh giéng khoan. Dieu ki¢n can dé gieng khoan dugc on dinh
va virng chac a:

Pw =P+ Ap (1)
Ap:dd chénh &p suét ti han gitra &p suat cua cot dung dich khoan (Py) va ap suat 15 rdng cua dat da (Py).

- Trong trudng hop néu &p suét cot dung dich trong giéng khoan I6n hon 4p suét 13 rdng cia dat d mot
Qi tri toi han s& gay pha hay thanh hé giéng khoan, dan dén mat dung dich khoan.

Mat dung dich la vin dé V0 clng phuc tap. Hién tuong mat dung dich trdm trong s& gay ra nhleu ton
that va kéo theo nhiéu su ¢ trong qué trinh khoan. Khi khoan qua céc thanh h¢ c6 su gan két yeu cac
thanh hé co d6 tham cao, cac thanh hé nut né va hang hic thuong xay ra mat dung dich dan dén mat 6n
dinh thanh giéng.

-Néu 4p suat 15 rdng ciia dat ¢ vuot qué ap suat cot dung dich trong giéng s& dan dén khi va chat long
tir via xdm nhap vao giéng, co thé gay sap lo thanh giéng khoan.

Céc nguyén nhan cha yéu lam mét can bang &p suat trong giéng khoan Ia:

+ Trong lugng riéng dung dich khoan khéng hop 1y, khong trong (ng véi ap suat thanh he;

*Tac gia lién h¢
Email: truongvantuktd50@gmail.com
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+ Ché d¢ khoan khong hop ly: trong qua trinh khoan néu luu lugng tuan hoan qué 16n, tinh luu bién
cua dung dich qua cao s& lam ting gia tri 4p suat dong, do d6 ap suat toan phan cot dung dich (4p suét tinh
va ap suat dong) sé tang co thé s& dan dén phé huy thanh giéng. Nguoc lai khi luu lwong tuan hoan hoic
tinh chét luu bién cua dung dich qua thap thi mun khoan sé& bi sa lang gay ket can khoan;

+ Khi tha hoac kéo bo khoan cu qua nhanh s& gay ra hiéu ng “piston”, lam tdng hay giam ap suat dot
ngot ciing c6 thé gay mat 6n dinh thanh giéng.

Dé giam do thai nudc cua dung dich cé thé sir dung cac dung dich polymer véi cac hda pham khac
nhau lam giam d6 thai nuéc caa dung dich. Tuy nhién thyc té cho thiy ngay ca khi ching ta giam d6 thai
nudc V& gia tri nho nhat c6 thé thi mot phan pha nudc trong dung dich van c6 thé xam nhap vao bén trong
dat da chira sét do hién tugng tham thiu dudi sy tac dong cua thé dién dong gitra méi trudng trong giéng
va dat da tai thanh giéng khoan.

Nhur vay, mét trong nhitng nguyén nhan chi yéu gay mét 6n dinh thanh giéng khoan 1a do céc thanh hé
sét bi truong nd manh khi tiép xdc vai dung dich c6 tinh tic ché khong cao, dan dén bé thanh, sap 1o, gy
ket bo khoan cu va nhiéu kho khin khéc trong qua trinh thi cong khoan. Do dé nghién ctru dic tinh cua
sét va nhitng giai phap wc ché ching la rat can thiét.

Hién nay, dé giai quyét cc van dé lién quan dén 6n dinh thanh giéng, ngudi ta ung dung nhiéu cong
nghé khac nhau nham giam thiéu téi da nguy co phirc tap su 6. Mot trong sb nay, c6 thé ké dén phuong
phap sir dung dung dich c6 tinh chat wc ché. Nhiéu nha nghién ciru da dé xuat sir dung dung dich polymer
cao phan tu [2,3]. Céc dung dich nay dugc tao thanh nho sy tac dong qua lai cta cac phan ta khdng phéan
cuc trong dung dich gbc nude. Theo quan diém cua ching t6i cac dung dich cao phan tir ndy c6 kha niang
tac dong qua lai véi cac 16p tinh thé khodng vat sét cling véi qua trinh trao d6i cation. Cac hé dung dich
nay c6 kha ndng tao mang boc trong cac 16 rdng va khe nirt han ché qua trinh xam nhap cua pha nuéc
vao dat da.

Thuc té va ly thuyét nghién ctru da khing dinh duoc hiéu qua khi sir dung dung dich polymer cao phan
tir khi khoan trong dit d4 chira sét [1,4,5,6,7,10]. Dya vao céc két qua phan tich ly thuyét bén trén, ching
ta c6 thé rat ra mot s6 két luan: nham ting d6 6n dinh thanh giéng khoan, can xac dinh cac thanh phan
hoat tinh cua sét khi chung tic dong véi pha nuéc cia dung dich. Mac d6 truong né cua sét phu thude
vao gi4 tri toc d6 cua dong tham thau va gia tri thé dién dong trén bé mit cac I6p tinh thé khoang vat sét.
Thé dién dong trén bé mat cac 1p tinh thé khoang vat sét tao ra qua trinh trao ddi ion giira cac cation
trong sét va cac hat mang dién trong dung dich polymer cao phéan tir (c&c hat mang dién tich caa polymer
va tir c&c chit dién phan trong dung dich).

Tir cac nghién ciru nay ching ta c6 thé lya chon don pha ché dung dich wc ché hop 1i cho diéu kién
khoan.

2. Co ché tao mang va cac yéu té anh hwéng

Chung t6i da tién hanh nghién ctru cac hé dung dich tic ché dwoc tao thanh tir cac héa pham méi tién
tién hién dai, voi thanh phan dung dich 1a: nu6c, polymer va chit dién phan. Gia sir rang, tinh chit cua
mang béan thim duoc quyét dinh bai hai yéu té tu nhién cua cac vat chat polymer hip phu trén bé mit cac
hat sét: mot mit cac vat chat hiru co hdp phu tai ranh gici gitra dung dich va hat sét; mat khac cac vat chét
v6 co phén li tao ra cac cation linh dong. Chinh diéu nay hinh thanh I6p dién tich kép trén bé mat hat sét
tai thanh giéng khoan. Lép dién tich kép ndy gom co cac cation va cac ludng cuc nudc cé trong dung
dich. Vi vay qua trinh xdm nhap cua cac phan t nude vao trong khoang vat sét bi lam cham lai do tac
dong cua thé dién dong do 16p dién tich kép tao ra. Nhu vay, sy hinh thanh mang béan tham trén bé mat
cac hat sét nho su tac dong cua cac phan tir polymer I&n céc hat sét cung vai su hinh thanh 16p dién tich
kép.

Céc phtrc tap su ¢b lién quan dén mat on dinh thanh giéng xay ra do su tuong tac giita cac thanh phan
hoat tinh trong dat d4 chira sét v6i pha nudc va cac hda pham trong dung dich. Trong trudng hop ap suét
via l6n hon 4p suét thiy tinh qué trinh xam nhap cua nudc vao bén trong mang ludi tinh thé sét duoc giai
thich bai 2 qué trinh: qué trinh hydrat héa trén bé miat cac phién sét va qua trinh thim thau do cé su chénh
léch gitra ndng d¢ ion trong via va trong giéng.

Dé loai bo viéc hydrat héa do tham thiu theo phuong phép can bang ion la khéng thé. Chinh vi vay,
can tao ra mang béan tham gidp 6n dinh bé mat cac 16p khoang vat sét va mot rao can nhd cac chat dién
phan cd trong dung dich. Mot trong nhitng vin dé can nghién ciu & day 1a dwa ra mot mo hinh Iy thuyét
vé mang béan tham va thir nghiém n6 trén mé hinh vat ly cua dong dién tham thau.
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Khi trong cac 16 rong cua dat da thanh hé chira nude cd thanh phan khoang héa nhét dinh thi céc phic
tap su ¢6 lién quan dén dit d4 chira sét & day xay ra do sy di chuyén ciia pha nuéc trong dung dich di vao
cac 16 rong nay va tuong tac voi cac khoang vat set. Toc do di chuyén ciia pha nu6c nay phu thude vao do
I6n gid tri thé dién dong, d6 nhét ciia pha nudc. Cac thong sé nay la cac thong sé co thé diéu chinh, ching
c6 tac dung tach cac phan tir nudc khoi bé mit co ban cua cac 1op khoang vat sét gidp giam thiéu qué
trinh hydrat hoa va su trurong no cua sét. Trong truong hop nay dung dich polymer chtra chat dién phan
tao ra mot 16p mang béan thim cé chire nang bao vé, can tré qua trinh hydrat hoa va su truong né cua sét.

MOi tuong téc giita mdi truong rong trong dat d4 thanh h¢ va dung dich c6 chat dién phan cho phép
chdng ta giai quyét dong thoi cac van dé theo phuwong trinh Smolukhovski va cé the xdc dinh gia tri thé
dién dong cta cac bé mat hap thu cia cac khoang vat sét khi hinh thanh mang ban tham [10]:

= e @

2 —%ml_}:;_ 5.5

Trong d6:

-bo thdm tuong abi;
& — Hang s6 dién moi cua moi truong;
1 — Hé s6 noi ma sat cua dung dich (6 nhét moi truong phan tan);
R — Hang sb khi:
v — Tbc d6 chuyén dong tuong ddi cua céc hat giira hai 16p (dién thé chay);
¥ — Do dan dién;
F — Hang sb Faraday;
Z —Hoa tri cation;
Ci —Nong d cation trong dung dich dién phan;
Ks — Hang s6 Nernst;
T —Nhiét do tuyét doi;
Eo — Cudng d6 dién trudng tinh (Dién thé oxy héa khir binh thudng).

Dua vao phuong trinh trén sau khi xac dinh duoc gia tri hang sé (Ks- Nernst) va mirc d6 khoang hoa
clia pha nudc ching ta c¢d thé diéu chinh cac théng sé cua mang ban tham, giam thiéu hién tuong hydrat
hoa va do truong nd cua dat d4 chira sét. Cac phan tir polymer kich thuéc 16n dong vai tro chinh trong
qué trinh tao mang béan tham, n6 cé tac dung 6n dinh cac 16p tinh thé khoang vat sét.

Hién nay, cac hda pham polymer dugc sir dung dé diéu ché dung dich khi khoan trong dat da chua sét
¢6 tac dong giam thiéu qua trinh hydrat héa va truong ng khoang vat sét, né han ché qué trinh tac dong
ctia cAc phan tir nude ddi véi céc 16p sét. Trong qua trinh hap thu cac phan tir polymer cé kich thuéc Ion
lam giam khoang cach giita cac 1op sét din dén ngan can qua trinh xam nhap cua cac phan tir nudc vao
bén trong céac khoang khdng gian nay [11].

Trén hinh v& (hinh 1) cac tic gia dua ra co ché hinh thanh mang ban thim co ban dya trén moi twong
tac cua cac lop tinh thé trén bé mit co ban cua ching, day 1a két qua cua qué trinh thay thé bén trong cau
trac tinh thé cua dat da chura sét. Tai day xay ra qua trinh trao ddi giira cac cation c6 trong céc tinh thé sét
va céc cation, cling nhu 1a cac phén tir polymer mang dién tich kich thudc 16n c6 trong dung dich. Trong
do, gia tri dién tich trén bé miat co ban cua céc 16p sét ti 1¢ thuan vai gia tri thé dién dong (€).

Nhu vay, dua vao gié tri thé dién dong nay c6 thé xac dinh dugc mirc d6 lién két giira cac phan tir nudc
va cac bé mat co ban cua cac I6p tinh thé sét va muc do hydrat hoa sét. Khi ting thé dién dong thi xac
suat xdm nhap caa cac phan tir nude va xac suat tao ra I6p hap thu trén cac hat sét sé giam xuéng.

Gid tri thé dién dong phu thudc vao loai polymer, khéi lwong phén tir ciia né va chiéu dai cac chudi
phan tir polymer c6 kich thudc 16n. Trong qua trinh nay cho thdy su anh huéng cua cac hé polymer cao
phan tir trong dung dich géc nudc. Khi ting khdi lugng nhirng thanh phin ndy din dén ting sé luong
cation ¢6 kha ning xam nhap vao bén trong khoang khong gian ciia cac 16p tinh thé 1am giam sy xam
nhap ctia cac ludng cuc nudc vao bén trong chang.
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Khoang khong gian giira Dung dich polymer
16p tinh thé sét

Hinh 1: So' @6 mb ta co ché hinh thanh mang

————

Trong do:
a) So dd hinh thanh mang;
b) Su thay ddi dién thé mang Eq4trong dung dich, mang va khoang khong gian giira I6p tinh thé sét.
L6p tinh thé sét;
Dai phan tir polymer — Chét dién phan;
Phén tt nude (ludng cuc nude);
DPudong cong thé hién sy thay déi dién thé;
Mang,

—bién t|ch am trén bé mit co ban caa 16p tinh thé sét;

— Dai phén tir polymer duong (cation);

— Cation trao dbi trong sét;

r — Chiéu day 16p ion khuéch tan.

M&i tuong tac cua nhiing 16p tinh thé sét véi dung dich dién phan va hoa pham polymer dugc xem nhu
qué trinh trao ddi ion va qué trinh hip phu Cung vai do la qué trinh hinh thanh 16p dién tich kép trén be
mat cua lop tinh thé sét [9]. Qua trinh hap phu phu thudc vao mang ban thim, ma théng qua n6é mot sb
thanh phan cua dung dich c6 thé di qua, s6 khéc thi bi giit lai. Mang ban thim nay dwoc dic trung béi tinh
da dién tich vai bé mat bao pha I6n trén nhitng 16p tinh thé sét cling véi su phan bé trén bé mat caa ching
céc nhoém chie cua thanh phan da dién tich va ion trong dung dich.

Néu nhu mang ban thAm nay nam trong dung dich géc nudc, thi tai ranh gisi gira mang va dung dich
XUt hién thé dién dong (hay dién thé mang dua trén can bang Donnan). Khi xuét hién céc cation, anion
va cé&c cao phan tir da dién tich, chiing dam bao tinh trung hoa vé dién. Vi vay tai day xuét hién thé dién
dong dam bao qua trinh can bang vé dién tich, triét tiéu chuyén dong cua ludng cuc nudc qua lép mang
ban thim vao bén trong céc 16p tinh thé sét. Nho do giam thiéu qua trinh hydrat va truong no sét.

Trong hé can bang d6 xuét hién dién thé giita mang ban tham va hé dung dich dam bao sy can bang vé
phuong dién vat Ii va hoa hoc. Sur can bang cua hé duoc thé hién bang can bang Donnan [9]:
E,=-—Zim& 3)

, TN

Trong do:

R — Haing s6 khi Ii tuong; R = 8,3144 - :
T — Nhiét d6 tuyét dbi; T=293 K

z — Gia tri dién tich ion;

F — Hang s6 Faraday;

Ce — Khéi lugng nong do ion trong mang béan tham;
C — Khéi lugng ndng do ion trong dung dich.
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Pic tinh cua mang ban thdm 1a tham cé chon loc, nén ndng do ion ¢ 2 phia ciia mang khac nhau. Do
su chénh léch ndng d6 c4c ion ma bao ton mot hiéu sb dién thé gitra phia bén phai va bén trai cua mang -
goi 1a dién thé mang hay con goi la can biang Donan. Sy khac nhau vé dién thé caa mang phu thudc vao
su chénh léch cua dién thé Donan ¢ cac bé mat cua mang ban tham va 1a ham cua nong do chét dién phan
tai cac bé mat cua mang.

Hai co ché truong nd ciia sét: truong né cua tinh thé va truong nd do qué trinh tham thau:

- Co ché thir nhat dya trén kha nang hap phu nhitng phan tir nudc trén bé mat tinh thé khoang vat sét.
Trong d6 xuat hién sy tac dong cua phan tir nude dudi dang 16p hap phu cia cac cation (Ca*2, Mg*?, Fe*?,
va cation khac ...) giéng nhu 16p da phan tir. Trong d6 su tac dong cua nhitng 16p nay la khong hiéu qua
gidng nhu trong qua trinh tham thiu dan dén hydrat hda sét. Su truong né sét phu thudc chu yéu vao
thanh phan khoang vat va cac cation trao d6i hip phu trén mang ban thim bén ngoai cua khoang vt sét,
noi cac 16p don phén tir cia nude (hay ludng cuc nude) duoc hap thy trén bé mat cua cac tinh thé. Ngoai
ra, thanh phan cac cation trao d6i cua khodng vat sét va thanh phan d6 hat ciia n6 ciing anh huong rat Ién
dén muac do truong nd cua sét. Hoa tri cua cac cation cang I6n va kich thudc cua ching cang nho thi sy
lien két gitra cac tinh thé cang chat va mirc d6 truong nd cua sét cang kém. Viéc cai tién dung dich khoan
trc ché sét dang dugc nghién ctru ¢6 vai tro rat quan trong trong viéc kiém soat su trwong nd sét va han
ché t6i da cac su ¢b lién quan dén thanh h¢ dat d4 chira sét.

- Trwong nd do qué trinh tham thau xay ra do céc phan tir nuéc xam nhap vao khong gian caa Ip tinh
thé sét, ciing véi su xuét hién dang ké ham luong céc ion trong dung dich. Co ché truong né cua sét trong
truong hop nay 13 hién twong thim thau ty nhién do sw chénh léch ham lwong ion tir chat dién phan trong
dung dich va ¢ khoang khdng gian céc I6p tinh thé sét [2,3,7,10,11]. Dya trén cac nghién ciru nay c6 thé
bién giai co ché tao mang boc va danh gia yéu té anh huong né khi ma chiu tic dong dong thoi cua cac
cation va cac polymer cao phan tur trong dung dich gc nuéc [1,6,10,11]. Cho phép loai bo pha rén trong
diéu ché dung dich polymer dé dam bao tang hiéu qua mé via san pham.

Dién thé mang phu thuoc chu yéu vao tinh chat va do tham thau chon loc ciia mang, vao kich thudc,
dién tigh va tinh hoat dong cua cac ion trong hé dung dich. D¢ hiéu 15 hon, ta c6 cdc truong hop xay ra
khi xuat hién mang ban tham trong dung dich cé nong d6 khac nhau:

- Trudng hop 1: Céc 16 trong mang ban thim rat nho, chi thAm céac phan tir nuée, ngoai ra khong tham
bat ky mot loai ion chat hoa tan nao trong hé dung dich. Trong trudng hop nay khdng c6 kha ning di
chuyén ion qua mang béan tham va trong hé s& khong xuat hién dién thé khuyéch tan. Néu nong do ion &
hai phia cia mang khac nhau thi nudc s& thim tir noi ¢6 ndng do thap sang noi c6 ndong do ion cao hon.
Thé dién dong s& phu thudc vao dién tich tinh trén thanh cac 16 ciia mang béan thim va vao téc do cua
dong nudc;

- Truong hop 2: Céc 16 trong mang ban thim c6 kich thuéc I6n hon, nén c6 kha ning tham tat ca cac
ion c6 kich thudc vira phai, nhung khong cho cac hat keo, phan tir hiru co (polymer) R* xuyén qua.
Trong hé s& xuit hién dién thé khuyéch tan va gia tri dién thé s& phu thugc vao tinh hoat dong cua céc ion
trong 15 va ndng do ion & hai phia ciia mang. Hé thdng nay khéng nam ¢ trang thai ding, ma chi dan dan
tién dén trang thai do, néu ndng do cac ion khong duoc duy tri boi mot qua trinh tich cuc ndo. Su c6 mat
cuia cac hat keo, phan tir hitu co (R* hay polymer) & mot phia ciia mang sé anh huong dén su phan b cudi
cling cua cac ion nho; ¢ diéu kién nhét dinh hé s& dat duoc trang thai goi 12 trang thai can bang Donan.
Trong diéu kién hé ¢ trang thai can bang Donan van c6 su chénh léch 4p suat thim thau ¢ hai phia (bén)
ctia mang béan thim va cac phan tir nude c6 xu huéng chuyén tir noi ap suat tham thau thap dén noi cao
hon. Sy di chuyén nay s& khdng xay ra vi chling bi ngin can boi dién thé tinh & hai phia cia mang (goi 1a
dién thé mang). Pién thé mang dugc hinh thanh chinh Ia do sy phan bé khong dong déu cua céc ion &
trang thai can bang va c6 gia tri 1a (Eq);

- Truong hop 3: Khi mang béan thim c6 tinh tham chon loc. Gia sir mang cé cac 16 nho va chi c6 kha
nang thdm hat 16n nhét 1a K* da duoc hydrat hda va khdng cé kha ning thim Na* ciing da dwoc hydrat
hoa (c6 kich thudc gap rudi K*). Néu hai phia mang cé ndng do ion khac nhau thi K* c6 kha ning xuyén
gua mang ban tham. Song trén thyc té K* khdng di chuyén dugc qua mang ban tham. Vi néu K* chuyén
gua mang ban tham thi lap tac s& xuat hién lyc dién tinh ngan can qua trinh d6. Mubi NaCl ¢ day giir vai
tro duy tri &p suat tham thau. Trang thai can bang cta hé s& duy tri dic trung boi gia tri dién thé mang.

Néu xem h¢ dung dich twong tac 3 yéu to: nuéc, polymer va chét dién phan [9] khi da hinh thanh mang
ban tham thi trong truong hop 2 thi 2 trong so 3 yeu to do la co the di qua mang ban tham: Phan tir nuéce
va cac cation cua chat dién phan, nhom con lai la c&c polymer cao phén ti bi git lai tai mang ban tham.
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Chinh diéu nay hinh thanh dong dién tich nuéc tham thu s& ting dién thé nén tai ranh giéi dung dich va
dét da chira sét. Sy ting dién thé Eq s& gilp tao ra rao can han ché sy xdm nhap sau hon cuia céc phan tir
nudc vao gitra khong gian cac 16p tinh thé sét. Trong truong hop can bang dién tich trong hé dung dich -
khoéng vat sét thi dién tich thé hién bang can bang Donan.

3. Két luan va kién nghi

Viéc nghién ctru co ché tao mang boc va céc yéu t6 anh huong dén né trong qué trinh sir dung dung
dich polymer cao phan tir mé ra mot huéng nghién ctru méi, nham danh gida mie do dnh hudng cua cac
yéu t6 nay dén qué trinh tao mang boc ciing nhu kha nang ¢ ché cua dung dich polymer cao phén ti;

Khi nghién ciru céc yéu t anh huong dén chét lugng mang ban tham cho phép ching ta lya chon duoc
loai polymer va hoa pham trong don pha ché gilp toi uu chat luong ctia mang ban tham nay han che qua
trinh truong nd sét. Cac yéu to nay c6 thé nghién ciru mot cach doc lap trong diéu kién cho phép.

Dé 1am rd co ché tao mang va xay dung quy luat hinh thanh can nghién ciru cac yéu té sau:
- Thanh phan héa hoc va thé tich sét trao ddi trong dét da chira sét;
- Thanh phan cation trao d6i cua sét trong tirng khoang khoan;

- Thanh phan héa hoc, cau tric phan tir va dac tinh nhém chie nang ciia hda pham polymer trong hé
dung dich polymer.

Dé xac dinh thdng s6 co ban ciia qua trinh tao mang trong dat da chira sét can nghién cau va bién giai
cac van dé sau day:

- Nghién ctu chi tiét thanh phan héa hoc dat d4 chira sét, vé mit dinh luong trong tang dia chat nghién
cru va cac thanh phan trao doi;

- Panh gi4 anh huéng cua ciu tric hda hoc ciia hda pham polymer trong thanh phan cua h¢ dung dich
khoan polymer cao phén tir dya trén hiéu qua tuong tac vai I6p tinh thé cua da chira sét;

- Xéc dinh cAc thdng s6 co ban diéu chinh co ché twong téc cta cc phan tir nudc voi cac 16p tinh thé
sét va cac nhdm chirc nang cua héa pham polymer trong thanh phan cua dung dich khoan;

- Xay dung cac d& xuat (kién nghi) vé& kiém soat qua trinh trc ché dit da chira sét trén co sé cac quy
luat thu duoc cua co ché hinh thanh mang;

- Xy dung céc dé xuét (kién nghi) vé sy hinh thanh céc h¢ dung dich polymer cao phan tir va xéc dinh
cac théng so chinh cta héa pham polymer anh huéng dén tinh chat cong nghé cta cac hé dung dich do;

- Bign minh va phét trién quan diém dé nghién ciru qua trinh e ché sét va thu duoc cac quy luat co
ban cta co ché hinh thanh mang.
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ABSTRACT
Inhibition mechanism of polymer drilling fluid and affecting factors

when drilling through clay-bearing rocks
Truong Van Tu!, Nguyen Tien Hung?, Tran Dinh Kien!
Nikolay Vladimirovich Solovev?
'Hanoi University of Mining and Geology
2Russian State Geological Prospecting University

When drilling through clay-bearing formations, hazards, risks or disasters tend to occur more
prequently. These issues are often related to the swelling of clay and the stability of the wellbore. To
overcome the above mentioned conditions, various of inhibiors are employed, typically high molecular
polymer drilling fluids. However, each polymer drilling fluid composes of significant components not
like the others. The inhibition mechanism of these drilling fluids is complex and affected by various
parameters. In order to meet the purpose of designing/choosing reasonable components to increase the
inhibitory mechanism of the polymer drilling fluids, inhibition process of polymer based drilling fluids is
studied. The article as well presents results of theoretical studies and introduces recommendations to

improve quality of this kind of mud for drilling in clay-bearing rocks.

Key words: polymer drilling fluids; clay inhibition; polymer; clay-bearing rocks
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E\R;S;ﬁ, ; HOQI NGHI TOAN QUOC KHOA HOC TRAI DAT
EANIH BOIENGES MO VA TAI NGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

To6i wu hé thong thu gom, van chuyén dau va khi cac mo Vietsovpetro
trong dicu ki¢n suy giam san luong
Pham Thanh Vinh®*, Nguyén Hoai Vii2, Phan Btc Tuin!, Téng Canh Son?, A.G.Albertal, Chau Nhat
Bang?, Nguyén Thé Vinh2 Lé Vin Nam?
! Lién doanh Viét - Nga Vietsovpetro
2Trirong Pai hoc Mo - Pja chadt

TOM TAT

Hé thdng thu gom van chuyén dau khi véi dic trung 1a to hop céc thiét bi va hé thong cong nghé di
kém, c6 chirc ning dam bao hoat dong khai thac dau va khi dugc dién ra lién tuc an toan vai do tin cay
cao. Trai qua hon 30 nam hoat dong hé théng thu gom van chuyén dau khi thac tai céc mo cua Lién doanh
Viét — Nga Vietsovpetr hién nay d6i mat véi nhicu van dé phuc tap, dac biét trong diéu kién san lugng
khai thac dang suy giam.

Nhim dam bao nang cao san luong khai thac, dap tng cac diéu kién k§ thuat trong giai doan nay,
viéc tdi wu hé thong van chuyén dau-khi trén cac cong trinh bién tai cac mo cua Lién doanh Viét — Nga
Vietsovpetro c6 tinh cap thiét cao.

Trong bao cao nay, tac gia tién hanh phan tich mot s6 yéu t6 anh huong 1én hoat dong cua h¢ thong,
trén co s& d6 budc dau dé xuat mot sb giai phap nham téi wu hoat dong, giai quyét cac van dé cong ngh¢
cua hé thong van chuyen dau va khi tai Lién doanh Viét — Nga Vietsovpetro, bao gom: téi wu phan bd
dong chay trong h¢ théng, t01 wu hé thdng xur Iy dau-khi trén gian céng nghé trung tdm va tdi uu hé théng
thu gom dau cho céc tau ndi chira dau FSO.

Tirkhoa: “t6i wu”, “van chuyén dau va khi”, “suy giam san lwong”

1. Pit van dé

Lién Doanh “Vietsovpetro” dang khai thac dau khi & thém luc dia phia Nam Viét Nam. Cac cong
trinh khai thac dau khi dudi day dang dugc st dung:

- C4c gian nhe (BK, RC), trén cac gian nay cé thé thuc hién tach khi mot bac trong UBOG (thiét bi
tach khi so bd). Theo dé, tir cac BK hay RC c6 thé thyc hién van chuyén san phim khong ding bom &
dang hdn hop khi l16ng hay & dang dau bao hoa kh;

- Céc gian cé dinh trén bién (MSP, RP), trén cac gian nay c6 thé thyc hién tach khi hai cap cung voi
bom san phim di tach khi bang cac may bom ly tam;

- C4c gian cdng nghé trung tam (CTP-2, CTK-3), noi tiép nhan san phim tir cac MSP va BK dé tach
khi va tach nude ddng hanh;

- Céc tram r6t dau khong bén (UBN), noi thyc hién xu Iy dau dén chat luong thwong pham va xuat
ban dau.

Vi mot s6 1y do (két ndi céc cdng trinh khai thac mai, céc ké hoach sira chira, cAc tai nan duong ong
c6 thé xay ra v.v...) da lam xuat hién cac tinh hudng vuot qua cdng suit cua cac duong ong thu gom dau,
diéu nay dan dén Su gia tang chénh ap, ap suit & miéng giéng va cac mat mat san luong dau [1]. Viéc xay
dung cac duong dng méi co thé khong mang lai hiéu qua kinh té hoac ton nhiéu thoi gian do cac diéu
kién thoi tiét (bdo) va té chirc san xuét.

Vi vay, su can thiét cua viéc nghién ctru cac phuong phéap t6i wu hoa van chuyén san phim nhim
dam bao muc san lwong khai thac da dat ra hay gia ting san lugng dau khai thac do &p suit miéng giéng
giam [2].

2. N@i dung va két qua nghién ciru
2.1. Téi wu héa van chuyén san pham ¢ khu vec Trung Tam Réong va Nam Rong — Poi Méi

Vigc van chuyén san pham RC-DM, RC-4, RC-5/RC-9 bing tuyén 6ng hién hitu RC-DM — RC-4 —
RC-5 — RP-1 dugc thyc hién & dang dau bao hoa khi.

Trén RC-DM, RC-4, RC-’SIRC-Q thuc hién tach khi so b(f)ﬁtrong UBOG. San phém cua RC-DM sau
khi tach khi so bo dugce dua dén RC-4, tai day, cung vai san pham ciua RC-4 ¢ dang dau bao hoa khi dugc

*Tac gia lién h¢
Email: vinhpt.rd@vietsov.com.vn
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trung chuyen qua RC-5 dén RP-1. Trén RP-1 con tiép nhan san pham cua RC-6 & dang hdn hop khi long.
Khi tach ra sau b‘mh tach cap mot trén RP-1 ciing nhu sau UBOG cua cac gian nhe RC-DM, RC-4, RC-
5/RC-9 dugc dua dén gian nén DGCP (gian nén khi mé Rong). Lugng khi vurot qua cdng suat caa DGCP

duoc dwa dén gian nén khi trung tam (CCP) [3].
So d6 van chuyen dau va khi ciia cac RC nay duoc thé hién trong hinh 1. Cac thong s6 1am viéc cia
hé thdng van chuyén dau va khi ¢ khu vuc Nam Rong — Boi Moi dugc trinh bay trong bang 1.
dén CCP
4 tir BK-8
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Hinh 1. So do van chuyén san pham ¢ khu viec Nam Trung Tam Rong va Nam Rong — Doi Moi

Bdng 1. Cdc théng sé lam viéc ciia hé thong van chuyén dau va khi

Théng s6 RC-DM RC-4 RC-5/RC-9
Téch va thu gom khi, nghin m%/ngd. 220 240 220
Ap suat trong UBOG, atm 21,2 20,3 22,0
Ap suét tai riser van chuyén dau, atm 18,3-21,3 17-19,5 10,5-14

. Trong bang mdt cho thdy, ap suat trong UBOG trén RC-5 kha cao so voi ap suét tai riser van chuyén
dau.
Khi sir dung S0 d6 van chuyén dau va khi hi¢n hiru trén RC-DM, RC-4 va RC-5, 4p suét cao trong
UBOG dugc an dinh bai cac &p suat can thiet d€ thue hién van chuyén khi.

Céc ton that 4p sudt 16n trong hé thong van chuyén khi dan dén ap lyc gia tang trong UBOG trén RC-
5. Dicu nay la do ton that ap suat cao trong qua trinh vén chuyén khi trong duong 6ng RC-4—RP-3,
nguyén nhan la do chiéu dai 16n, dudng kinh nhé va luu lugng khi cao [4].

Vi myc dich giam &p suat trong hé théng van chuyén dau va kh trén RC-DM, RC-4 va RC-5/RC-9,
cong ngh¢ st dung van tiet luu trén RC-5 da duge da duge nghién ctru dé van chuyén mét phan khi dong
hanh cia RC-5/9 cung véi dau bdo hoa khi ¢én RP-1. Viéc nay s€ lam giam lugng khi van chuyén, giam
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chénh ap, ,dﬁn dén giam 4p suét trong UBOG va ap sudt miéng giéng cuia cac giéng. Md hinh md phong
lap dat thiét bi tiet luu trén RC-5 duoc thé hién trong hinh 2.

Hinh 2. M phong 3D ldp dat thiét bj tiét leu trén RC-5

M6 phong so bd qua trinh van chuyén dau bang phan mém OLGA cho thiy, v6i cac luu lwong dau
khai thac hién tai c6 thé giam tdi da &p suat trong UBOG va & miéng giéng bang cach dua khi ciia RC-
5/RC-9 véi luu lugng 90 nghin m¥/ngd. ciing vaéi dau béo hoa khi. Cac thir nghiém cong nghiép cua cong
nghé nay da dugc thuc hién, luong khi dua vao dugc tang dan nham Iya chon cac thong s6 t6i wu cho hé
thdng van chuyén khi va Iong. Trong bang 2 dudi day trinh bay cac két qua thuc hién thir nghiém.

Bdng 2. Cac thdng s6 vdn chuyén dau va khi chinh RC-DM — RC-4 — RC-5 — RP-1

Lugng khi caa RC-5/RC9 dua vao Ap suét trong UBOG, atm
dau bdo hoa khi, nghin m3/ngd. RC-DM RC-4 RC-5/RC-9
0 21,2 20,3 22,0
60 20,0 19,2 20,2
80 19,8 19,0 19,0
90 19,0 18,0 17,5

Céc thir nghiém cong nghiép da chirng minh tinh chinh xac cua cac tinh toan. Khi dua khi véi luu
lwong 90 nghin m3/ngd. thi 4p suét trong UBOG trén RC-DM giam tir 21,2 atm xudng 19 atm, trén RC-4
— giam tir 20,3 atm xudng 18 atm, trén RC-5 — giam tir 22 atm xudng 17,5 atm. Ché d6 dua khi 90 nghin
m3/ngd. da dugc quyét dinh ap dung. Trong bang 3 trinh bay cac s6 liéu san luong khai thac san phim
tang trung binh trén cac gian nhe do 4p sudt miéng giéng giam.

Bdng 3. Sw thay doi san leong khai thdc do dp dung céng nghé

Cong nghé van San lugng khai thac, m¥/ngd.
chuyén RC-DM RC-4 RC-5 Tdong
Cong nghé cii 520 653 1750 2923
Cong nghé mai 653 700 1897 3250
Séan lugng gia ting +133 +47 +147 +327

Vi du miéu ta sy thay d6i ap suat trong UBOG va san lugng khai thac trén RC-5/9 trudc va sau ap
dung cong ngh¢ dugc thé hién trén hinh 3.

Ché d6 van chuyén nay dugc thuc hién trong thoi gian 4 thang trude khi dua vao van hanh dudng
ong khi méi RC-5 — DGCP, cho phép giam dang ké t6n hao ap suat. Két qua cua viéc thyc hién t6i uru hoa
la da giam dang ké ap suét trong hé van chuyén dau va khi trén cic RC ké trén va san luong khai thac
tang trung binh 1a 327 m?3 chét long/ngd. (162 tan dau/ngd.), tic 1a ting khoang 11,2%. Hiéu qua kinh té
ctia viée t6i wru hoa trong khoang thoi gian ap dung 1a 1,2 triéu d6 la My [5].

145



2,000 - 23

—)—San lugng chét long

1,950 =il=Ap suat trong UBOG cua RC-5 - 22
A - 21
£ 1,900
g
s - 20 p
S 1850 £
& 19 5
z 3
e 1,800 Z
g 18
& 1,750
@ - 17

1,700 - 16

Trudc thir nghiém Trong thoi gian thir nghiém
1,650 15
29-Jun 4-Jul 9-Jul 14-Jul 19-Jul 24-Jul 29-Jul 3-Aug

Hinh 3. Cdc théng sé cong nghé khai thac va van chuyén san pham ciia RC-5/RC-9 trueée va sau dp dung
cong nghé

2.2. Téi wu héa thu gom khi trén cdc MSP phia Bic mé Bach Ho nham ting mikc khai thic dau

O phia Bac mo Bach H6 ¢6 su thiéu hut cong suat nén dé thu gom va nén khi. Cong suat dinh mirc
ctia MKS (gian nén khi nho) 1a 1 triéu m3/ngd., khong dii dé thu gom toan b khi tach ra tir cac gian xung
quanh. Khi tach bac nhat tir cac binh tach cao ap cua cic MSP phia Bic (ThTC-1, MSP-6, MSP-4 va
MSP-8) dugc dua vé MKS. Phan khi vuot qua cong suit cia MKS dugc d6t bo dinh ky trén MSP-6.

Khi tach bac mot sau binh tach cao ap trén MSP-1, 3, 5,7, 8,9, 10 va 11 dugc dua dén CCP dé nén.
Khi tach béc hai trén MSP-4 va MSP-9 ctia mé Bach H6 duoc dua vao cac may nén trén MSP-4 va MSP-
9 véi cong suit 36 nghin m¥ngd. mbi may. Khi nén dén 13 atm tir may nén cua MSP-4 dugc dwa dén
MKS, con khi tir may nén ctia MSP-9 dugc dua dén CCP. Khi tach bac hai trén MSP-1, MSP-6, MSP-8
va MSP-10 duoc dem ddt bo (xem hinh 4).

Nhém tang san luong khai thac va giam luong khi tach bac hai bi d6t bo trén cac MSP phia Bic mo
Bach Ho, tai Lién Doanh “Vietsovpetro” da nghién ciru va ap dung vao thyc t€ cong nghé giam ap suat
trong binh tach C-1 trén MSP-10 tir ngay 20/5/2017, bang cach thay doi cac dong khi dén MKS va CCP
(xem hinh 5).

Theo phuong 4n nay, viéc dot bo khi & MSP-10 s& khong thuc hién. Toan bd khi MSP-10 + BK-15
v6i luu lwong 500 — 650 nghin m¥/ngd. s& dugc dua dén MKS bang dwdng dng khi thip ap MSP-10 —
MSP-5 — MSP-3 — MSP-4. Déng thoi trén MKS s€ nhan khi cia MSP-6 + ThTC-1 véi luu lugng 350
nghin m3/ngd.. San pham cia MSP-7 va MSP-5 s& dugc van chuyén & dang hdn hop khi 1ong dén MSP-3,
tai day s& thuc hién hai cp tach. Khi tdch bac mot cua MSP-7 + MSP-5 + MSP-3 dugc dwa dén CCP
bang duong éng khi MSP-3 — MSP-5 — CCP.

Uu diém ctia phuong an nay 1a khong d6t bo khi trén MSP-10 va MSP-6, giam ap suét trong binh
tach C-1 trén MSP-10 va mét it trong binh C-1 trén MSP-9. Nhuoc diém 1a tang ap suat trong binh tach
C-1 trén MSP-4 tir 7 1én 13 atm. Pong thoi ting ddng ké ap suét tach trén MSP-7, MSP-5, MSP-9 va
MSP-11.

Trong truong hop can thiét nham loai bo viée dbt khi trén MSP-6 thi san phim ctia MSP-4 ¢6 thé
dugc van chuyén ¢ dang hdn hop khi long dén MSP-8, tai day s& thuc hién hai cap tach. Sau d6, khi tach
bac mdt caa MSP-8 + MSP-4 s& dugc dua dén CCP bé‘mg duong éng khi MSP-8 — MSP-9 — BK-2 —
CCP. Tuy nhién, tai thoi diém dé, phuong 4n nay khong duoc ap dung do khong c6 viée ddt bo khi trén
MSP-6.
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Hinh 5. So dé thu gom khi sau khi t6i wu héa

Céc két qua thir nghiém cua cong nghé nay duoc trinh bay trong hinh 6-7 phia duéi va trong bang 4.
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Bdng 4. Bang tém tdt hiéu qua ciia cdc bién phdp t6i wu héa cdc dong khi

Ap suét trung binh tai San lugng dau Su thay déi
. riser duong dau (trong Su thay dbi khai thac trung san luong dau
Cong trinh binh tach cao &p), bar 4p sudt, bar binh, tAn/ngd. khai thc,
trudc sau trudc sau tan/ngd.
MSP-10 + BK-15 14,4 8,8 -5,6 959 1041 +82
MSP-9 13,4 12,4 -1 316 318 +2
MSP-7 11,5 21,1 +9,6 143 132 -11
MSP-5 7,9 19,6 +11,7 115 106 -9
MSP-3 13,6 16,6 +3 119 118 -1
Tong 1652 1715 63

. Cac két qua thir nghiém cong nghé t6i wu hoa cac dong khi trén cac MSP phia Bic mo Bach H6 cho
thay, khi gidm ap suat trén MSP-10, BK-15 va MSP-9 va tang ap suat trén MSP-7, MSP-5 va MSP-3 do
su thay doi cac dong khi, thi tong san lugng dau khai thac ting 1én cia MSP-3, 5, 7, 9, 10 va BK-15 14 63
tan/ngd..

2.3. Toi wu héa vin chuyén sin phim ciia BK-14/BT-7, BK-16 v GTC-I nham ting sin lwpng diu
khai thac

Theo so dd van chuyén hién tai, san phém cua cac gian nhe GTC-1 va BK-16 duoc van chuyén dén
BK-14 ¢ dang hon hop khi 1ong. Sau d6, hdn hop khi long cia BK-16 va GTC-1 duoc thuc hién tach khi
so bd trong UBOG cta BK-14 va dugc dua vé BK-9 & dang déu bao hoa khi. Hon hop dau bio hoa khi
dén BK-9 duoc hoa tron véi dau cua BK-9 & dang hdn hop khi 1éng va sau d6 dugc dua dén CTK-3 dé xu
ly.

San pham khai thac trén BK-14/BT-7 duoc van chuyén dén CTK-3 & dang hdn hop khi 16ng bang
duong dng BK-14 — CTK-3. Khi tach ra trong UBOG ctia BK-14 duoc dua vao duong 6ng Fast Track di
qua BK-2 dén CCP.

So dd van chuyén san phdm cia GTC-1, BK-16, BK-14 va BK-9 dén CTK-3 dugc thé hién trong hinh 8.
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Hinh 8. So' do hién tai vin chuyén san pham ciia GTC-1, BK-16, BK-14/BT-7 va BK-9 dén CTK-3

Tir cudi thang 10 ndm 2017, 4p sudt tang tir tir trén riser & GTC-1 va BK-16, BK-14, va dong thoi
tang chénh ap trong dudng ong BK-14 — BK-9 (xem hinh 9-11).
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Hinh 11. Cdc théng s6 vin chuyén ciia dwong ong BK-14 — BK-9

Su ting dan chénh 4p trong dudng 6ng 1a do sy hinh thanh tir tir cic ling dong ctia paraffin va cac tap
chat co hoc trong duong 6ng. Su hinh thanh 16p lang dong nay lam giam duong kinh hi¢u dung cua
duong 6ng, dan dén sy thay doi cac thong sb trong hé thong cong nghé thu gom va van chuyén san pham.

Cong nghé moi vén chuyén san pham cua BK-14/BT-7, BK-16 va GTC-1 da duoc nghién ciru nhim
giam 4p suét trén riser ctia cic duong dng. Theo cong nghé nay, san pham ciia GTC-1 & dang hdon hop khi
long s& khong di vao UBOG cua BK-14, ma s& dugc hoa tron voi san pham cua BT-7. Sau d6 hdn hop
dugc van chuyén dén CTK-3 & dang hdn hop khi long bang duong dng BT-7 — CTK-3. Hon hop san
phém cua gian nhe BK-16 va san phém cua BK-14 dugc tach khi so bg trong UBOG cua BK-14, sau do
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dugc di qua BK-9 dén CTK-3 ¢ dang diu bio hoa khi. So dd méi van chuyén san phdm duogc trinh bay
trong hinh 12.

CTP-2
AE BK-2
UBN-4 ’
VSP-01 J
déu CTK-3 ;
%‘\W_Aﬁ )
2 / khi
P ’
= i hon hop khifong
» i GTC-1vaprT-7
H a
X /.
dau bdo hoa khi ,
BK-16 vaBK-14 ;
\ ,/. +——— diu
BKo14 e - dAu bao hoa khi
hén how khi ;ﬂ;ﬂ BT-7 B Reret hén hop khi long
on hop khi i~ = , ;
long BK-16 hgn hop khi «=-=-- khi
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Hinh 12. So' d6 vdn chuyén méi
San lwong khai théac dau va &p suét trén céc riser van chuyén san phdm cua BK-14, BK-16 va

GTC-1 trudce va sau khi &p dung cong nghé méi xir Iy va van chuyén dugce trinh bay trong hinh 13-15 va
trong bang 5.
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Hinh 13. Ap sudt va san lwong khai théc trén BK-14
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Hinh 15. Ap sudt va san heong khai thac trén GTC-1

Bdng 5. Bang tém tdt hiéu qud dp dung cong nghé mdi

Ap sut trung binh tai Sén lugng dau khai Su thay doi
Cong trinh riser duong dau (trong | Su thay dbi ap thac trung binh, san lugng dau
binh t&ch cao &p), bar suat, bar tan/ngd. khai théc,
trudc sau trudc sau tan/ngd.
BK-14/ BT- 19,9 20,0 0,1
7 205 182 23 306,3 309,1 2,8
BK-16 24,8 23,0 -1,8 589,0 630,0 410
GTC-1 26,5 22,0 -4,5 201,0 2440 43,0
Tong 84,0

Str dung ché d6 mai van chuyén san phidm ciia GTC-1 + BT-7 ¢ dang hdn hop khi long dén CTK-3
theo dudng dng BK-14 — CTK-3, va san pham ctia BK-16 + BK-14 ¢ dang dau bdo hoa khi theo dudng
dng BK-14 — BK-9 — CTK-3 d3 lam giam 4p suét tai riser cia GTC-1 xudng 4,5 atm, tai riser ciia BK-
16 xudng 1,8 atm, tai riser ciia BK-14 xudng 2,3 atm, va ting tong san luong dau khai thac cua cac BK
nay 1én 84 tan/ngd.

3. Két luan

Céc giai phap t6i uu hoéa thu gom va vén chuyén dau va khi trén cac mo cua Lién Doanh
“Vietsovpetro” dugc trinh bay trong bai bao da chimng minh thuyét phuc su lién quan cta ching dén gia
tang san luong du khai thac thong qua viéc giam 4p sudt miéng giéng. Tét ca cac cong ngh¢ da nghién
ctru da dwoc 4p dung trén cdc mo cua Lién Doanh va dem lai hiéu qua kinh té 16n tir luong dau khai thac
thém.
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ABSTRACT
Optimizing the system of gathering and transportation of oil and gas
in Vietsovpetro field in the condition of production decrease

Pham Thanh Vinh!, Nguyen Hoai Vu!, Phan Buc Tuan?, Tong Canh Son?!, A.G.Albertal, Chau Nhat
Bang!, Nguyen The Vinh?, Le Van Nam?
Wietsovpetro J. V.
2 Hanoi University of Mining and Geology
Oil and gas transportation system is a complex of accompanied equipment and technological system
ensuring the ability of safely producing oil and gas at high stability. During 30 years of operation, oil and
gas transportation system at Vietsovpetro’s oil field has faced many challenges especially at the condition
of production decrease.

In order to increase the performance of oil and gas production in this circumstance, optimization of the
oil and gas transportation system is a important task for Joint Venture Vietsovpetro.

In this artcle, authors carried out the analysys for oil and gas transportation system of Vietsovpetro,
based on which propose technological solution for optimization of gas and oil system including:
optimization of flow, optimization the operation of Central Processing Platform and optimization of gas
gathering system at FSO.

Key words: optimization, oil and gas transportation, production decrease
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E\RSﬁ HOI NGHI TOAN QUOC KHOA HOC TRAI DAT
EANIH BOIENGES MO VA TAI NGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Predicting water influx for gas production wells of Lan Do field using

material balance method

Vu Duc Ung**, Le Vu Quan?, Vu Manh Hao!, Nguyen Van Thinh?"
Wietnam Petroleum Institute (VPI)
2Faculty of Oil and Gas, Hanoi University of Mining and Geology (HUMG)

ABSTRACT

Lan Do gas field is located within the Northeast quadrant of Block 06.1 in Nam Con Son basin some 25
km ENE of the Lan Do field and towards the southeastern coast at around 375km from Vung Tau city
with its area 500km2. Lan Do field started producing gas and condensate from the October 2012. The
cumulative production up to February 2018 is 6,854 billion cubic meters of gas and 0.09 million barrels
of condensate which account for 62% and 41% reserve, respectively. Presently, there is no water influx
phenomenon in production Lan Do wells, however, it is necessary to forecast water influx period for
reservoir production and management strategies. This paper analyses and forecasts this phenomenon for
production wells of Lan Do field and propose optimal production strategy.

Keywords: Lan Do field, water Influx

1. Introduction

Lan Do field started producing gas and condensate in October 2012 with two production wells LD-
1P and LD-2P. Production rate of Lan Do field in 2013 reached 925 mmscm (0,033 tcf) of gas and 0.014
mmbbl of condensate. In the period of 2014 - 2017, the production gas rate reached over 1.2 bcm per year
(0,04 tcf) and production condensate rate was 0,17 mmbbl. By the end of October 2018, the cumulative
production of Lan Do field was 6,854 bcm of gas and 0,09 mmbbl of condensate (Vietnam Petroleum
Institute, 2017). The produced water of Lan Do is the amount of condensed water in the gas, so the
chloride content of produced water is quite low, average 80 - 110ppm. When the chloride content in the
produced water of the field increases and exceeds the permitted level (150ppm), that means gas water
contact (GWC) is gradually approaching the perforation interval of production wells. The current water
gas ratio (WGR) of Lan Do field is 0,45 bbl/mmscf (Fig. 1). In this paper, the authors analyze, calculate
the current GWC and forecast the possibility of water influx to production wells based on the principle of
material balance method and propose solutions to produce the Lan Do field more effectively.

Lan Tay, Lan Do WGR and Chloride Content of Produced Water
280 14000
—— Total WGR, ——LTWGR, ——LDWGR, + Produced Water Salinity, ppm|

2.0 12000
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Water Gas Ratio (bbls/mmscf)
B
H

Water Chloride content (ppm)

=
o

Figure 1. Lan Tay, Lan Do Water Gas Ratio and Chloride Content of Produced water (TNK Viet Nam
B.V, Hoang Vu Nam, 2018)

*Tac gia lién h¢
Email: nguyenvanthinh@humg.edu.vn
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2. Determination of reservoir drive mechanisms and prediction of water influx for gas production
wells of Lan Do field

2.1. Determination of reservoir drive mechanisms

The reservoir pressure support of Lan Do field is very good. From 2012 to February 2018, the
reservoir pressure reduced 63 psi from 1948 psi to 1885 psi. With the declining trend of reservoir pressure
(Fig. 2), the cumulative gas production at the end production will reach 0,39 tcf, the reservoir pressure
will decline to 1858 psi at 1132m TVDss.

LD Reservoir Pressure

Mar-2012
1950

*

Aquifer activated
(water support drive)

Jan-2017 /
18%0

Feb-2015

Reservoir Pressure (psi)

Feb-2016
Feb-2018

0.0 10 20 3.0 4.0 5.0 6.0 7.0 8.0
Cum gas (bem)

Figure 2. Reservoir pressure and cumulative gas production
(TNK Viet Nam B.V, Nguyen Tuan Anh, 2018)

For the gas condensate reservoir, reservoir drive mechanisms can be determined by the
relationship between reservoir pressure (or P/z ratio) and cumulative gas — condensate production (Gp)
(Craft and Hawkins, 1991). For the gas reservoir produced by natural drive mechanism without aquifer,
the relationship between reservoir pressure and accumulated gas — condensate production is linear and
can be expressed as:

P bi Bi
=-—G,*t— 1)
) = zic P oz ) ) ) )
For the reservoir produced by water drive mechanism, the relationship between reservoir pressure
and accumulated gas — condensate production is nonlinear because the reservoir pressure decrease during
the production is smaller than the reservoir pressure produced by natural drive mechanism without aquifer

(Fig. 3).
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Figure 3. Relationship between P/z and Gp for Gas field in case of production reservoir with the
aquifer and volumetric reservoir (Craft and Hawkins, 1991)
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From the results of the reservoir pressure measurements, the construction of P/z curve (Fig. 4)
shows that the wells of the Lan Do field have the volume of the aquifer which support for Lan Do is 250
Bhbl.

2500

2000

1500

1000

P/z at 1132 mTVDss

500

o 0.1 02 0.3 0.4 0.5 0.6 07
The cumulative Gas and Condensate Production (tcf)

Figure 4. Relationship between P/z ratio and cumulative gas condensate production

2.2. Prediction of water influx

Lan Do field is being produced with stable flows without water influx into production wells.
However, the reservoir has a large aquifer which can accumulate water influx. Therefore, the analysis and
forecast of the water influx are very important to improve the efficiency of operation and production. The
gas water contact (GWC) during production and at the end of production is determined through the
amount of water influx into the reservoir, based on the material malance equation (Craft and Hawkins,
1991).

CoeSwi+ Cf —
G(By - By) + GBy [L_—] AF +We = GpBg + BuW, @)

In which: - G: Gas and condensate initially in place; Bg: Gas formation volume factor; Bgi: Initial
Gas formation volume factor; Bw: Water formation volume factor; Cw: Water compressibility; Cf: Rock
compressibility; Swi: Initial water saturation; We: Cumulative water influx; Wp: cumulative water

production.
a. Determination of gas water contact

By February 2018, the cumulative production of Lan Do reached 0,2420 tcf of gas (equivalent to
62 % of the reserve) and 0,09 mmbbl of condensate (equivalent to 41% of the reserve). Cumulative water
production is 30,7 mbbl. The magnitude of the reservoir pressure decrease with the cumulative production
of Lan Do field is shown in Figure 2 and the reservoir pressure in February 2018 was about 1885 psi at
1132m TVDss. The parameters, properties of fluid and reservoir are presented in Table 1 (BP Oil
Company, 2008).

Table 1. Characteristics of fluid and reservoir

Gas Initially in Place (tcf) 0,65
Condensate Initially in place (mmbbl ) 0,33

By (cuft/SCF) 0,008548733
Bgi (cuft/SCF) 0,007874

Cw (psi?) 3,46%10°°
Swi 0,05

Cr (psit) 6,30*10°6
Rock Porosity @, (%) 37,5

Initial Bulk Rock Volume (BRV), mmscm 1518
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Bw, rb/stb 1,01537
Water — Gas Ratio (WGR), bbl/mmscf 0,45
Residual Gas Saturaton 0,283
Compression Factor z 0,87
Reservoir Pressure at 1132 mTVDss (psi) 1885
Reservoir Temperature (°F) 157
Initial Reservoir Pressure at 1132 mTVDss (psi) 1948
Initial Compression Factor Z; 0,88
Pressure Gradient (psi/ft) 0,04

Condensate production and water production are converted via the below equation (Craft and

Hawkins, 1991):
- For condensate production:

GE v "R _ 350.5/,(10.73)(520) _ 133,000 .
Py, M wo (14.7) M wo
In which:
5954 42.43
S @)

w = 5 API—8811 1.008-7,

- For water production:
GE - nR'T,, ~350.5x1.00x10.73x520

" p, 18x14.7

- The converted condensate production via equation (3) va (4) is 0,074 bcf;

- The converted water production via equation (5) is 0,227 bcf

Thus, the total gas production included converted water and condensate, Gp = 0,2423 tcf.

Water influx into the reservoir (We) which is determined by material balance equation (2) is 290,3
mmbbl (46,2 mmscm)

So, the remaining bulk rock volume: BRV = initial BRV - [We/® x (1-Swi-Sgr)] = 470 mmscm.

Thus, by the end of February 2018, gas water contact which is determined by Figure 5 is 1153m

= 7390 SCF / surfacebarrel (5)

TVDss.
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Figure 5. Determination of gas water contact via BRV (BP Oil Company, 2008)
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b. Calculation of Gas Water Contact at the end of production when the expected cumulative gas
production Gp=0,39 tcf

According Lan Do prediction, the cumulative gas and condensate production are 0,39 tcf and
0,22 mmbbl respectively at the end of production and the average reservoir pressure at that time is
expected to reach 1858 psi at 1132 mTVDss. Gas reserves: 0,39 tcf; Cumulative water production: 43,8
mbbl; Condensate reserves: 0,22 mmbbl; Converted condensate reserves: 0,18 bcf; Converted water
production: 0,32 bcf;

Thus, the total of gas production including the converted water and condensate reserves is
Gp=0,391 tcf. Water influx into the reservoir (We) which is determined by material balance equation (2)
is 508 mmbbl (81 mmscm). The remaining bulk rock volume: BRV = initial BRV - [We/® x (1-Swi-Sgr)]
=297 mmscm. Therefore, the gas water contact at the end of production is 1124m TVDss (Fig. 5).

The amount of water influx into the reservoir during production is calculated by the material
balance equation and has close relationship with the cumulative gas and condensate production. The
results of forecasting the water influx into the reservoirs via the cumulative gas and condensate
production are shown in Table 2 and Figure 6.

Table 2. The results of calculating the amount of water influx based on accumulated gas and
condensate production

Cumulative gas and condensate production Water influx into reservoir

(bcf) (mmbbl)

32,7 0,57

44,6 12,6

84,7 61,7

134,4 132,6
228,2 271,03
242,3 290,3

390 508,9

Water influx during production
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Figure 6. Prediction of water influx during production
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With the bottom hole depth (TD) of the wells LD-1P and LD-2P are 1101m TVDss and 1138m
TVDss respectively and GWC in February 2018 is 1153m TVDss, the water will be presented in the well
2P before the ending of production (Table 3).

Table 3. Lan Do GWC Estimation

Bottom Hole Depth Water- Gas Contact
(mTVDss) (m TVDss)

LT-1P LT-2P Initial Feb 2018 At G, = 0,39 tcf

Depth
(m TVDss)

1080

1090

1100 1101

1110

1120 1124

1130 1138

1140

1150 1153

1160

1170 1170

1180

Prediction for water influx is calculated with the assumption that the average annual production of
Lan Do is 1,642 bcm of gas and 0.02 mmbbl of condensate to the end of life field. At the end of the
production, when cumulative production Gp = 0,39 tcf, well LD-2P will be flooded with water. The
results of predicting time and cumulative production at the time of the wells that started to flood are
presented in Table 4
Table 4. Prediction of water influx into the Lan Do wells

Water influx volume at the Cumulative .
Well Depth |BRV at well depth time of flooding Production _Tlme of
(mTVDss) (mmscm) (tcf) starting to flood|
mmscm mmbbl
1P 1101 140 132 832 0.62 N/A
2P 1138 370 78 490 0,38 August 2020

3. Conclusions

The prediction of water influx for Lan Do field is calculated based on the reservoir and fluid
parameters, the reservoir pressure prediction and calculations based on the material balance method with
1,642 bcm of the average annual gas production and 0.02 mmbbl of condensate. From the results, the gas
water contact will move upwards and the earliest flooded well is LD-2P (in August 2020). Therefore, it is
necessary to consider adjusting the production with reasonable rate of LD-2P to slow the water produced
time and prolong the time of production of Lan Do field.
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Nghién ctu hé théng Agitator trong viéc giam xung - rung lac
khi str dung véi cac cong nghé va quy trinh khoan khac nhau

Nguyén Thi Hai Yén!, Nguyén Vian Thinh*
Truwong Pai hoc M6 - Dja chat

TOM TAT

Trong khoan tham do va khai thac dau khi, van dé can bang va 6n dinh bo dung cu day (BHA) giam dao
dong, rung lic v.v,... trong giéng khoan déng vai tro quan trong quyét dinh dén thanh cong cua cong tac
khoan. Bo dung cu day lam viéc tao ra ma sat 16n 1&n thanh giéng khoan bat ké khoan thang ding, khoan
dinh huéng hay khoan ngang. Ma sat gy ra lam giam téc d6 khoan cét, chodng khoan va cét can khoan
nhanh mon va cé thé dan dén nhiing phuc tap trong qué trinh chéng éng, chéng dng chéng lirng hoic qua
trinh hoan thién giéng. Pac biét, mat sat 16n c6 thé din dén hién tuong profile giéng khoan khéng tron
giy kho khan cho viéc dua cac thiét bi khoan, thiét bi do ra khoi giéng trong truong hop khoan dinh
huéng va khoan ngang. C6 nhiéu bién phép cong nghé da va dang duoc tng dung dé loai bé ma sat tinh
nham cai thién diéu kién khoan. Trong dé, hé thdng Agitator dugc xem 1a ¢ong cu vuot troi véi nhitng
ing dung phong pht trong ca cong tac khoan, cong tac cau ket ¢ nhirng giai doan khac nhau trong mét
chu trinh cua gleng khoan tir khi tién hanh khoan dén giai doan sua gleng Tinh dén thoi diém hién tai,
trén thé gioi hé thong Agitator da dugc su dung dé thu hdi rat nhiéu thiét bi hoan thién giéng, thiét bi lai
chinh xién (RSS), dau ndi, sung ban via va cé4c thiét bi khoan dong co day v.v,. ..tuy nhién, tai Viét Nam,
cdng nghé nay con it dwoc biét dén. Bai bao tap trung nghién ciru cac co ché giam sbc va rung lac cho bo
dung cu day cua hé théng Agitator khi sir dung véi cac cong nghé khoan cuy thé.

Tir khoa: Hé théng Agitator, bo dung cu day, hoan thién giéng

1. Pit véan dé

Khoan 1a mot qua trinh co hoc, do d6 cac dao dong rung, lic ‘gap phai trong khi khoan la tat yéu. Kinh
nghiém thuc té cho thay, rung Iac c6 thé 1a nguyén nhan din dén rat nhiéu phic tap va su ¢ trong céng
tac khoan. Nhiéu cong ty da tién hanh nghién ciru cac dang hong ddi vai bo khoan cu va nhitng phuc tap
c6 thé gay ra ddi vé6i qua trinh khoan do anh huéng cua su rung lic cua cot can trong thoi gian 1am viéc
thyuc té. Thong thuong, cot can khoan lam viéc 6n dinh khi d6 rung & muc thip va trung binh. Nhung khi
d6 rung l4c 16n hon 3, theo thang chia mirc d6 nguy hiém (rii ro) do dao dong bén tirc thoi quy wéc cua
Schlumberger (Yezid Ignacio, Yonnellybeth Medina, 2011), thi ¢6 thé dan dén nhiéu hong hoc dang ké,
tham chi dut gy can.

Vib x Vib lat . .
Level (G rms) | (G rms) Time limit

Thip <1 <1 Non

Recommended to mitigate
More than 24hrs, medium risk of tool failure
Mandatory to mitigate
More than 12hrs, high risk of tool failure

Trung binh =72 1=

cao 2+4 36

Nghiém trong ‘ >4 ‘ >6 ‘ 30 minutes (formal notification)

Hinh 1. Thang chia mizc @6 nguy hiém do rung, lic (Slchumberger)

Hién nay, c6 nhiéu nghién ciru da dugc thuc hién nham lam sang té anh huong cia rung, lac téi su dit
gay cua cot can khoan trong cong tac khoan sau. Viéc rung lic 12 khong thé tranh khoi va cé thé xay ra
trong tat ca trong tat véi tat ca cac quy trinh va cong ngh¢ khoan tur khoan dén cac cdng tac do trong khi
khoan, cac quy trinh ctu Kket, cdng téc stra gleng v.v.... Céc nghién ctru nay chira rang: cac cong cu canh
bao rui ro cang nhay thi nguy co xay ra su ¢b cang giam. Viéc kiém soat dic tinh co hoc va rung lic cot

*Tac gia lién hé
Email: nguyenvanthinh@humg.edu.vn
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can khoan la van dé ludn phai dugc chi trong theo ddi trong sudt qua trinh khoan dé giam nhitng phuc tap
¢ thé xay ra vai gieng khoan hién tai cling nhu viéc phét trién via trong tuong lai.

Ddng thoi, viéc 1am nay con gidp thuan loi &ng dung cai tién cdng nghé trong qua trinh khoan tai cac
viing nudc sau va khoan giéng than nhanh duoc dién ra thuan loi. Bai bao trudc hét di vao nghién cuu, vé
mat ly thuyét, cac dang rung, lic phé bién cua cot can lam viéc trong giéng khoan, nguyén nhan, hau qua
va cac bién phap co thé ap dung dé giam thiéu nhiing tac dong bét lgi cua ching Ién qua trinh khoan.

2. Dao ddng va anh hwéng cia dao dong trong qua trinh khoan

2.1. Nguyén nhan

Trong sudt qué trinh khoan, chuyen dong cua cot can trong 16 khoan va twong tdc gitra choong voi dia
tang dat da khoan qua sinh ra mot s loai dao dong (rung IaC) khéng mong mudn.

Tai thoi diém choong khoan t|ep xUc Véi cot dia tang, tbe do quay cua choong khoan va tinh chit cua
thanh hé 1a hai yéu t6 chinh quyét dinh duong dic trung dong luc hoc (dynamic response). Do céc théng
s6 dong hoc cua choong thay ddi lién tuc trong sudt qua trinh khoan va tinh bat dinh cua dia tang, rung
licg xay ra phuc tap, doi hoi nhirng bién phéap khic phuc hop Iy cho timg diéu kién cu thé.

Hiéu suat khoan cd thé duoc cai thién khi biét duoc cac ché d6 1am viéc gidi han cua cot can khoan va
phét trién cac bién phap do dac dé giam tac dong xau (tiéu cuc) dén qua trinh khoan. Pay 1a van dé quan
trong khong chi déi véi yéu cau dat dugc tde do co hoc khoan téi han cua cot can khoan ma con 1a yéu tb
dé xac dinh cac trang thai xoan cua choong, nho @6 cho phép xac dinh céc viing cot can tiép xdc vai thanh
giéng va tinh toan anh hudng cua cac tuong tac niy.

Thanh giéng khoan khéng 6n dinh c6 thé do tac dong cua nhidu yéu té, trong d6 phai ké dén: tuong tac
héa hoc véi dung dich khoan, tng suat kién tao (tectonic stress) 16n va dung dich khoan sir dung c6 trong
lwong khong phu hop. Mic du rung l4c cua cot can khoan khong dwoc xem la nguyén nhén chinh dn
dén mét 6n dinh thanh giéng nhung van c6 nhitng anh huong nhat dinh dén thanh giéng khi khoan qua
mot s6 thanh tao nhat dinh. Diéu ny da dugc chimg minh trong mot sé nghién ciru truée day cia Ashley
and McNary (Ashley and McNary, 2001). Tuy nhién, hién van thiéu cac nghién ciu chuyén sau vé hién
tugng ndy. V& co ban, cot can khoan 1am viéc cé 3 kiéu dao dong:

- Dao dong doc truc (axial vibrations): day Ia kiéu dao dong xay ra do tai trong tac dung Ién choong
(WOB) bién dbi trong khoang rong. Dang rung lic nay c6 thé 1am cho chodng khoan mét lién két voi
thanh hé. Rung lic theo chiéu truc dugc dic trung boi chuyén dong tinh tién lén/xudng cua cot can
khoan/b¢ dung cu day (BHA). (Hinh 2a)

Nay choong Ket/truot

(a) Dao dong doc truc (b) Dao dong xoin (¢) Dao dong bén

Hinh 2. Cac dang dao dong (Schlumberger)

- Dao dong ngang (Lateral vibrations): dang dao dong nay dugc xem la nguyén nhan chinh dan dén su
moi/dit cot can khoan va bo dung cu ddy. Rung 1ic bén cua cot can c6 thé gay ra hu hai nghiém trong cho
thanh giéng va 1am léch quy dao giéng. Chuyén dong dang xoén cua cot can khoan la dang nghiém trong
cua dao dong bén. (hinh 2c)

- Dao ddng dang xodn: Pay 1a dang dao dong co thé quan sat duoc tir trén bé mat nho biéu hién bién
thién dong Ion ciia dong co dién (co cau dan dong) dan dong ban xoay rotor hay topdrive dién hodc bién
thién giam ap d6i véi topdrive thay luc. Khi choong khoan khéng chiu dugc momen xoin Ién, ning
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luong bi giai phong dot ngot dan dén viéc choong khoan bét dau quay tron. Vi choong khoan quay tron
Véi toc do I6n nén cot can khoan ty thao ra khoi choong, tai thoi diém nay, momen xoan giam xuéng. Khi
momen x0an giam xuong, téc do cuia choong giam dan cho téi khi ding han. Sau d6, qué trinh cot can
khoan xoin va thao xoin Iap di lap lai (hinh 2¢)
2.2. Anh hwong ciia rung lic

Sy rung lic cot can c6 thé dan dén viéc lam giam hiéu suat khoan, gia ting cac khoan phi phu trg.
Nhitng phirc tap hoac su ¢ thuong gap do rung lic can khoan c6 thé ké dén:

a. Mdt on dinh thanh giéng

Can khoan rung lic véi bién d6 du Ién cé thé din dén nhitng hu hai khé c6 thé sira chita dwoc cho
thanh giéng khoan. Va d4p giira cot can vei thanh giéng co thé 1am sat 16 dia tang dat d4 vao trong giéng
khoan. Trong nhitng truong hop nghiém trong, ching c6 thé gay mat on dinh thanh giéng, lam thay dol
duong kinh than giéng dan dén nhiing thiét hai vé thoi gian va chi phl Mat 6n dinh thanh giéng chu yéu
do dao dong bién (lateral vibration) gay ra. Khi cot can khoan dap vao thanh giéng, duong kinh giéng tai
diém tiép xuc véi cot can co thé dugc mo rong. Bong thoi, dang dao dong nay ciing dugc ghi nhan la
nguyén nhan dan dén viéc lam hong céc thiét bi do trong khi khoan (MPD).

b. Gay hong céc thiét b; trong giéng

Thong thuong, rung lac khé tranh khoi cua cot can khoan cé thé gay ra cac dang hong tir nho dén
nghiém trong cho tit ca bo phan cua bo dung cu day BHA. Anh hudng rd nhat cia dao dong cot can
khoan Ién cac bo phan cua bo dung cu day gom co:

- Hong choong va thiét bi doa rong thanh giéng, giam tc d6 khoan va ting chi phi cho choong va thiét
bi doa;

- Hong dong co ddy, dong co lai chinh xién dan dén léch quy dao giéng thiét ké;

- Ung suat moi gay ra tai cac bo phan cua bo dung cu ddy tang 1én lam tdng nguy co dut can, ton thoi
gian va tang chi phi cho qua trinh ciru Ket, trudng hop xau nhét cd thé phai tién hanh khoan tranh diém bi
ket.

- Gay hong céc thiét bi dién tir trong giéng;

- Giao thoa véi céc dung cu do tir xa dn dén sai sb I6n trong gia tri do;

- Hong céc thiét bi trén glan tang thoi gian khoan va chi phi tong thé.

2.3. Bign phéap gigm rung ldc

Dua trén cac nguyén nhan din dén rung lic cot can, nhiéu bién phap khic phuc da duoc kién nghi ap
dung:

- Theo ddi su 1am viéc va kiém tra choong déu din sau mdi chu trinh kéo tha: day 1a viéc lam quan
trong gitp tranh dugc nhidu phic tap vé mit co hoc ¢6 thé xay ra khi khoan ddi véi mot bo dung cu day
nhét dinh.

- Duy tri kha ning béi tron cua dung dich khoan: kha ning béi tron va chit lugng cua dung dich luén
phai duwoc dam bao trong qua trinh khoan dic biét 1a khi khoan cac giéng nhanh nham giam tac dong
khong tt caa dao dong. Bién phap don gian nhat dé duy tri kha ning boi tron cia dung dich khoan 1a tao
nhil tuong dau-nudc bang cach thém truc tiép dau thd hozc dau diesel vao dung dich khi tron dung dich.

- Sir dung roller reamer: so vai viéc st dung dinh tam, roller reamer gilp giam dwoc momen xoan cho
cot can khoan. Theo kinh nghiém khoan (Mokhtar Yaveri and Karan Damani, 2010) khi lap di 1ap lai viéc
doa rong thanh 156 khoan sé& giGp giam momen uén cia bo dung cu day. Do, doa rong thanh giéng gitp
1am cho thanh giéng tron nhén, tranh cho cot can khoan tiép xUc véi thanh giéng, tuong tac nay dugc xem
1a nhan té c6 tinh quyét dinh trong viéc tranh dao dong cho cot can khoan.

- Trénh hién twong cong huong: cong huong xay ra khi cd mot tan sb kich thich ngau nhién tring voi
tan s riéng cua cot can khoan. Mi mot dang dao dong c6 cac tan sb riéng khéc nhau. Tan sé kich thich
dugc sinh ra trong trudng hop c¢6 ning luong tac dong 1én cot cin khoan nhu sy quay cua cot can, trong
tac gitra choong khoan va thanh hé, chuyén dong cua dong co day v.v...

- Thiét ké cot can khoan hop ly: Thiét ké bo dung cu dy c6 anh huéng rat 1on dén véc giam rung lic.
Tuy theo vao yéu cau bé cong/lam léch than giéng trong qué trinh khoan va tinh chét cua thanh hé dat da
ma chlng ta c6 thé sir dung bo dung cu khoan c6 kha ning chdng léch quy dao (packed BHA) hoic bo
thiét bi con lic (Pendulum BHA). Bo dung cu day dong bo c6 kha ning dinh tdm 16n va viéc lap cac dinh
tam gan chodng khoan gilp giam duoC sy x04n (whirling) ciia choong va BHA. Cac dinh tim dugc gan
thém sé& sinh ra momen xoin cé the din dén trugt choong (chodng quay khéng tai — stick slip). Truong
hop nay, dung cu doa rong thanh gleng s€ c6 ich hon dinh tam trong viéc giam momen xoin.

- Tranh nhiing truong hop than giéng co cuong do léch Ién: profin giéng khoan c6 vai trd rat quan
trong. Néu cudng do léch thyuc té chéch di so véi cudong do léch cua quy dao giéng thiét ké s& dan dén
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nhiéu van d& phirc tap vé mat co hoc. Khi cudng do géc léch 16n, momen ubn ting gy ra rung 1ac manh.
Tai cac doan giéng c6 goc léch Ion, wng suit tac dung 1én cot can khoan cao, rat dé 1am ting moi cho cac
bo phan cua bo dung cu day va cac doan ndi. Thuc té, viéc diéu chinh cuong d6 léch rat kho do phai dam
bao quy dao thiét ké.

- PBiéu chinh cac thdng sb trong thoi gian khoan thyc: Biéu chinh cac thong sb khoan c6 thé gitp kiém
soat va han ché rat nhiéu nguy co dan dén rung lac. Tuy nhién, viéc diéu chinh phai tuan theo nhiing
nguyén tic an toan nghiém ngit dé vira c6 thé giam dugc cac van dé khong mong umén vé mat co hoc
nhu hién tuong truot, ket hoic xoan by khoan cu...vira khong gay anh huong xau dén qué trinh khoan.
Lya chon hop 1y va ddng bé tai trong tac dung lén choong (WOB) va téc do vong quay (RPM) cé thé
tranh hozc giam rung lic trong khi khoan.

- Str dung hé thdng soft torque system: Hé thong nay c6 thé gidp giam thiéu dang dao dong truot.
Thuec té ching minh, soft-torque rat cé hiéu qua trong viéc tranh truyén dao dong doc cot can khoan.

- Str dung 6ng giam séc (Shock subs): thiét bi nay thuong dwoc dat phia trén choong dé khir cac dang
rung lac do thiét bi do trong khi khoan gy ra. Tuy nhién, ng giam séc chi ¢6 tac dung khir dao dong doc
truc .

Giam rung lac 12 van dé rat duoc chu trong trong qua trinh khoan. C6 nhiéu bién phap di va dang duoc
sir dung dé nghién ctru cac dang rung lic phé bién cua cot can ciing nhu bo dung cu day. Nhiéu giai phép
da duoc kién nghi sir dung dé han ché rung lic va anh huong cua ching déi voi cong tac khoan nhu da
liét ké bén trén. Khong c6 bién phap nao ké trén dugc xem Ia toan dién gitp loai bo hoan toan tat ca cac
dang rung lic trong khi khoan. Ngoai cac bién phép trén, hé thong Agitator 1a bién phap dwoc danh gia
cao bai né da ching minh dwoc hiéu qua trong viéc giam rung lic cho cot can khoan.

3. Hé théng Agitator

Str dung Agitator c6 thé mang lai hiéu qua rat cao cho cong tac khoan. Hé théng nay c6 kha ning giam
ma sét 16n va ting dac tinh truyén tai trong nhd kha ning tao ra dao dong lic nhe cho cot can khoan.
Cong voi kha ning giam bién dong trong viéc truyén tai trong 1én choong khoan, Agitator gitip ting kiém
soat bé mat cua dung cu, giam sy truot, ket mat, giam masat, ting chiéu dai khoang dich déy, ting hiéu
qua khoan véi tat ca cac ché do 1am viéc.

Agitator khong sinh ra dao dong ngang c6 hai cho cac thiét bj day mac du cé sinh ra rung lic trong khi
lam viéc (rung lic do Agitator gy ra chi tac dong I&n cot can va co bién do nho). Hé thong nay tuong
thich voi tat ca cac hé thdng thiét bi do trong khi khoan MWD. Nhitng ung dung cua Agitator di duoc
chang minh mang lai hiéu qua cao c6 thé ké dén: ung dung trong khoan dinh huéng, cach ly giéng va cac
hoat dong curu ket.

3.1.H¢ thang NOV hydraulic oscillation system

Hé théng dao dong thay lyc (hydraulic oscillation system - HOS) dugc gidi thiéu trén thi truong vao
nhimg ndm 2000 va da dugc tng dung d¢ khoan hang nghin gieng trén toan the gisi. Hé thong HOS gom
hai thiét bi: Thiét bi khoan Agitator ( Drilling Agitator tool - DAT) va thiét bi chong soc dugc dat ngay
bén trén.

Thiét bi chdng
shock

Hé théng dién

71| Van va bac d&

Hinh 3. Thiét bj Agitator

Thiét bi DAT gdm hai bo phan: Phin dién, phan van va 6 do (valve and bearing). Phan dién gom mot
dong co dich chuyén duong. Phan van va 6 d& gdm mot cira dat léch tam, dugc didu khlen boi phan dién,
va duoc gin véi mot cira dong tam khac bén dudi. CAu tao ndy gilp tao ra xung ap suét lién tuc khi rotor
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quay duéi thc dung cua dong dung dich khoan dwoc bom xudng day (Clausen et al., 2014). Xung ap dugc
truyén t6i thiét bi chdng sbc (shock tool). Mandrel cua thiét bi chong sbc gidn dai khi ap suét ting theo
mdi xung, sau d6, nho tac dung cia 16 xo dia, mandrel s& co lai khi &p suat giam giita cac xung. Kha niang
co gidn theo chu ky ctia mandrel gay ra dao dong lac theo chiéu tryc trai dai trén cot can khoan, ca phan
bén trén va bén dudi hé théng khoan Agitator DAS. Loai dao dong chiéu truc nay touan theo quy luat
ham sin hogc cosin.

3.2. H¢ théng dao déng thiiy luc 3 chiéu (3D hydraulic Oscillation System)

Thiét bi DAS loai m&i c6 thé tao ra dao dong chiéu truc va dao dong xoan cing lic. Co ché tao dao
dong xoan tuong ty nhu h¢ thong NOV hydraulic oscillation. Dao dong xoan sinh ra do tac dung cua
phan nho ra bén trong va bén ngoai vo thiét bi.

/\\' ellbore \

Shell
driven by
turbine

Shell
driven by
turbine

Fricti .
netion Protruding

block

Hinh 4. Dao déng xodn ciia hé thong dao dgng thiy lic 3 chiéu

force

Phan vo c6 thé quay dwoc cua thiét bi dwoc didu khién bai dong co tuabin. Khi ndm & phan phia dudi
cua 15 khoan, ma sat sinh ra tai vi tri tiép xdc giita phan go cua thiét bi véi thanh giéng 1am cot can khoan
bién dang. Ma sat khdng xuat hién trong truong hop go ¢ trén cao. Nang lugng bién dang duoc giai
phéng. Thiét bi nay cling vai can khoan sinh ra dao dong xoan. Mot cach twong dbi, tdc do chuyén dong
ctia dao dong xo4n tuan theo quy luat ham sin hoac cosin.

4. Agitator wng dung trong cac quy trinh cdng nghé khoan khéc nhau

4.1. Ung dung trong qué trinh khoan

- Do kha ning giam ma sat hiéu qua, hé thong agitator duoc sir dung phd bién trong cac tng dung
khoan dinh huéng, khoan ngang. Piéu nay dwoc chirng minh boi cac nha diéu hanh khoan trén toan thé
gidi véi sb 15 khoan 1én t6i khoang 50,000. Hé thong Agitator trén thi truong hién nay duoc ché tao voi
khoang duong kinh ngoai rong, tir 1 11/16” dén 9 5/8”, tuong thich vai tat ca bo thiét bi do trong khi
khoan MWD va c6 kha ning giup thuc hién thanh cong cac khoang khoan léch ddy 16n ma van cai thién
dugc tbe d6 vong quay ROP, giam mon choong va giam thiéu nguy co dan dén chénh léch vi sai.

- Agitator dwoc danh gia 1a thiét bi than thién véi choong khoan, cé thé dung duoc ca véi chodng chdp
xoay va cac loai choong khac. Str dung Agitator trong qué trinh khoan khdng nhitng khong lam anh
hudng t6i ring chodng hay cac 6 d& ma con gilp kéo dai tudi tho cia chodng PDC nho viéc kiém soat
viéc truyén tai va loai dwoc sy dap cat caa choong.

- Agitator gitip qua trinh khoan dinh hudng dat hiéu qua cao hon (Stephen Forrester, 2018), dic biét la
tai cac phan khoan ngang, do c6 kha ning ngin viéc xép chong trong luong va cho phép kiém soat rat
hiéu qua do nghiéng doc. Ngoai ra, thiét bi ndy con tao luc truot khi tang tbc do quay 1én chodng va giam
tai trong can thiét tac dung 1én choong, cho phép truyén tai trong ma khéng tao luc nén lén tac dung I1én
can khoan. Khi str dung véi cac dong co lai chinh xién, thiét bi nay giup ngan truot, ket bo dung cu
khoan.

4.2. Ciru ket

Trong cong tac ctru ket, viéc sir dung Agitator di duoc chitng minh 13 rat ¢ hiéu qua. Thiét bi nay
dugc ghi nhan cho phép thu hdi cac bo dung cu day, packer, cac doan can dut, sang loc cat v.v... bi ket
dudi 15 khoan vai ty 16 thanh cong rét cao (dic biét vai truang hop ket cuc bo hoic ket do cat).

Bo dung cu ciru ket thong thuong co nhuoc diém 14 tao lyc kéo hozdc va cham qué 16n khi tha xudng
giéng. Khi dwoc ldp vao bo dung cu ctu ket, hé thong Agitator ciru ket tao dao dong diéu hoa doc truc
gidp cai thién dang ké kha nang thu hoi vat bi ket.

Ngoai ra, Agitator ciing dugc danh gia cao cho cac ung dung cach ly via va cac tng dung sir dung can
mém (coiled tubing) nhu trong khoan cac giéng co do léch day 16n, khoan pha nut tram xi mang, kich
thich via, do trong khi khoan, tram xi mang. So vdi cdng nghé khoan truyén thong, cong nghé sir dung
Agitator duoc dénh gia cao va Agitator dugc xem la thiét bi hitu hiru hiéu giam masat can khoan, ting toc
d6 khoan cit ROP (rate of penetration), gitip qué trinh khoan dwoc tién hanh nhanh va thuan loi hon. Kai
Bai va dong nghiép (Kai Bai et al., 2016) da chi ra riang khi khoan dinh huéng sir dung Agitator, & lan
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chay thir hai, c6 thé lm tang tdc do khoan cit trung binh AROP (averaged rate of penetration) Ién
268.6% so vai truong hop khoan véi choong chdp xoay khdng c6 b giam rung lac Agitator.

5. Két luan

Giam rung lc cot can va bo dung cu day 1a viéc lam can thiét dé ngan ngira va giam thiéu nhiing anh
huong khéng mong mudn cé thé phét sinh trong qué trinh khoan. Trong nhiing bién phap k¥ thuat va
cong nghé¢ co thé ap dung dé giam cac dang dao dong nay, Agitator da chimg minh dugc tinh kha thi voi
kha nang lam viéc mang lai hi¢u qua cao cho cong tac khoan. Hé théng Agitator, nho tinh néng giam rung
lic cua cot can va b dung cu day, gilp ting dang ké toc d6 khoan cat (ROP), giam duoc nhiéu nguy co
phat sinh sy cd va giai quyet duoc van dé bai toan &p suit - nguoc trong khoan ngang.

Xét vé mat kinh té, thiét bi nay c6 gia thanh tuong ddi cao, do do, khé co thé dap ung dugc yéu cau
giam chi phi cho céc thiét bi cong nghé dit do. Chinh vi vay, hiéu qua vé mat kinh té khi sir dung thiét bi
nay can dugc lam 1o trude khi dua vao su dung v6i cac muc dich hay quy trinh cong nghé cu thé. Tuy
nhién, néu xét dén kha ndng cua Agitator co thé giam rung lic cot can va bo dung cu ddy, tr do giam
nguy co dirt gay cot can, tranh ket mit bo dung cu....thi thiét bi ndy rat dang dé xem xét sir dung tai Viét
Nam. Noi dung nay sé& dua ra trong cac nghién ctru tiép theo.
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ABSTRACT
Approach to solving vibration problems during drilling operations
with the application of Agitator systems

Nguyen Thi Hai Yen, Nguyen Van Thinh
Faculty of oil and gas, Hanoi University of Mining and Geology

Vibrations preventing and bottom hole assembly (BHA) stabilizing play a crucial role in the
succes of drilling operations. High fiction are usually induced at the contacts between the wellbore wall
and the drillstring or the BHA regardless of conventional, directional or horizontal drilling. This
unexprected fiction reduces the rate of penetration (ROP), increases bit and tool surface wear, causes
failures to the drillstring etc... Thus, in combination with other detrimental tpes of vibration, leads to
problems or even hazards during drilling, casing, liner casing or well completion especially in directional
and horizontal drilling. Seval techniques have been applied to elinimate fiction in order to improve
drilling operation efficiency. In which, Agitator is considered as an optimum tool to solve the problems of
monitoring and preventing vibrations due to its excellent ability in minimizing friction and its high
adaptibility. Agitator concerns not only drilling but also well completion, maintaining and even fishing
jobs. This paper attempts to describe shock and vibration reduction mechanisms of Agitator systems used
with various drillstring and the BHA.

Keywords: Agitator systems, Bottom hole assembly (BHA), Well completions
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