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Nghién ciru phwong an lap dit hé théng thiét bi cho
ké& hoach phat trién moé Thién Nga-Hai Au

Nguyén Van Thinh*, Triéu Hung Trwdng, Vii Thiét Thach
Khoa Ddu khi va Ndng lwong, Trwong Pai hoc Mé-Dia chdt (HUMG), Viét Nam

Tom tat

Thuwc té qud trinh khai thdc ddu khi & Viét Nam hién nay cho thdy, da phdn cdc mé ddu khi dang khai
thdc déu da qua giai doan khai thdc dinh va dang trong tinh trang suy gidm sdn lwong manh. Tuy
nhién ha tdng hé théng thiét bi hién cé ctia cdc mé nay van con hoat déng tét. Do dé, hé théng thiét
bi hién c6 trén cdc céng trinh khai thdc & cdc mé nay vdn ddm bdo khd ndng tiép nhdn va xi ly sdn
phdm. Bén canh dé, viéc phdt trién khai thdc cdc cdu tao tiém ndng, cdc mé nhd, mé cdn bién dang
la gidi phdp hiéu qud déi véi nganh ddu khi & Viét Nam hién nay. M6 Thién Nga-Hdi Au la mét mé
nhé thuéc b€ Nam Cén Son. Viéc nghién ctru ldp ddt hé théng cdc thiét bi cho ké hoach phdt trién mé
Thién Nga-Hdi Au dwa trén viéc két néi véi ha tdng hé théng cdc thiét bi hién cé cia cdc céng trinh
bién ldn cdn la cdn thiét, ddm bdo tinh khd thi va hiéu qud kinh té. Bai bdo trinh bay cdc két qud
nghién ctru vé phwong dn phdt trién mé Thién Nga-Hdi Au théng qua viéc két néi véi cdc co sé ha
tdng hién cé ciia mé Rong P6i/Rong Poi Tay (RD-RDT). San phdm khai thdc tai mé Thién Nga-Hdi
Au sé dwoc vdn chuyén vé gian céng nghé trong tdm CPP tai mé RD-RDT dé xir ly. Két qud nghién
cttu sé la tien dé dwa mé Thién Nga-Hdi Au vao khai thdc, ddm bdo hiéu qud kinh té va ky thudt.
Ngoai ra, két qud nghién ctru la co s& dé dwa cdc cdu tao tiém ndng, cdc mé nhé, mé cdn bién & thém
luc dia Viét Nam vao khai thdc trong twong lai.

Keywords: M6 Thién Nga-Hdi Au, Hé théng thiét bi, Két n6i mé.

1. Gi¢i thiéu chung

M6 Thién Nga - Hai Au (TN-HA) nam & phia Tay Nam ctia bé Nam Cén Son va nam
& ranh gi¢i phia TAy Bac ctia L6 12/11, cach Viing Tau khoang 320 km vé phia Dong Nam.
D6 sdu muc nwdc tai TN-HA dao dong tir 70 dén 120 m, dia hinh day bién twong ddi bang
phang. Tai md, da tién hanh khoan 6 giéng thim do dé danh gia cac thong tin cong nghé
ciiamoé (TN-1X, TN-3X-ST1, TN-3X-H1, TN-4XST1, TN-4X-ST2 va HA-1X). Mau chit luvu tir
6 giéng dwoc 1ay trong qua trinh th via va tién hanh phéan tich PVT tai phong thi nghiém.
MAu nwéc dugce thu thip va phan tich tai 3 giéng khoan (TN-3X-ST1, TN-3X-H1, TN- 4X-
ST1). Phan tich mAu 16i dic biét dwa trén cac nghién ctru tir TN-3X-ST1, TN-4XST2. M6
hinh m6 phdng khai thac dwoc xiy dwng dé xac dinh hé s6 thu hoi cudi cung, thiét ké
phwong an quan ly va phat trién mo tdi wu nhat. M6 hinh mo phdng khai thac cia mo Thién
Nga - Hai Au sé tap trung phat trién cac ddi twong Thien Nga CS2, CS-1b, HA MDS3, MDSS5,
MDS6. Muc dich cia mé hinh la mé phdng qua trinh giam ap trong dé khong c6 sy thay
d6i thanh phan chit lwu trong via bao gom ca qua trinh bom ép khi tuin hoan, do dé mé
hinh Black Oil dwoc lwa chon. Sw hién dién cda thanh phan CO2 trong via khi khéng anh
huwéng téi két qua mo phéong do COz khdng tron 1an véi khi via, san lwong khai thac khi sé
duwocbdctach lwong CO2. Qua trinh ngwng tu condensate dwoc sw bao sé khong anh hwdong
1én téi dong thai khai thac cta giéng. M6 hinh tip trung phuc hoi lich st thi via DST, cac
s6 liéu dwgc phuc hoi lich sir bao gom ap suit miéng giéng, ap suit day giéng va lwu lwgng
khi khai thac. Phwong &n phat trién xy dung theo mot sé tiéu chi: Muc tiéu san lwong, s6
lwgng giéng toi wu, vi tri giéng va lwu lwgng khai thac plateau toan ma. Theo tinh toan tri
lwgng 2P, cac doi twong sé dwoc tip trung khai thac: TN-CS2, TN-CS1b, HA-MDS3, HA-
MDS5, HA-MDS6. Cac doi twong khac c6 triv lwong thip, khong dwoc wu tién trong qua
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trinh tinh toan. Co ché khai thac chinh tai mé dwoc xac dinh 1a giam ap tw nhién véi sw hd
tro tir ting nwéc. Toan mo sé phat trién khai thac véi 3 khu viee (TN-3X, TN-4X va Hai Au)
va 5 déi twong (Bang1).

Bdng 1. Déi twong wu tién phdt trién.

~ Trir lwong
Tritlwong | = 4o tai | Dién
Péi Thanh ] khi tai chd he ich
. Chét lwu cip 2P cho tich, Ghi cht
twong hé p 2F, cp 2P, ha
9 m3
10°m 102
1. Khu vuec | CS2 Khi condensate 6,94 0,168 1192 | Chua xem xet phat
TN-3X " trién trong KH phat
MDS6 Dau 0,82 89 trién mo dai cwong
CS2 Khi condensate 1,52 0,366 325
CS1b Khi condensate 0,81 0,056 321
2. Khu vyc -
TN-4X MDS4 Dau 0,23 87 Chwa xem xét phat
MDS5 Dau 0,21 57 trién trong KH phat
MDS6 Dau 0.47 58 trién mo dai cwong
CS3 Khi condensate 0,25 0,168 1192
3. Khu vuc
A CS5 Khi condensate 0,19 0,042 179
Hai Au
CS6 Khi condensate 0,32 0,059 133

Phuong phéap dy bdo dua trén két qua du bao tir md hinh md phéng khai thac da
phuc hoi lich st thir via. Ap suit miéng giéng dwoc xac dinh trén co s& cdc nghién ctru tinh
todn thuy lwc va diéu kién yéu ciu cia cac diém két n6i. Cac phwong an san lwong duoc
xay dung:

- Lwu lwgng khai thac khi trong giai doan plateau - 1400 ng.m3/ngay, ap suat miéng
giéng 15, 39 bar;

- Lwu lwgng khai thac khi trong giai doan plateau - 1700 ng.m3/ngay, ap suat miéng
giéng 15, 41 bar;

- Lwu lwgng khai thac khi trong giai doan plateau - 2000 ng.m3/ngay, ap suat miéng
giéng 15, 43 bar;

- Lwu lwgng khai thac khi trong giai doan plateau - 2300 ng.m3/ngay, ap suat miéng
giéng 15, 45 bar.

2. Hé thong thiét bi khai thac hién tai cia cac mo6 dau khi & khu virc 1an cin mo TN-
HA

Trong ké hoach dai cwong phét trién (ODP), tit cad cac co s& ha ting khai thac dw
kién sé dwoc dat tai khu vwe cac giéng TN-3X, TN-4X dé c6 thé bao phu cac ciu tao mo
Thién Nga - Hai Au (Hinh 1).

Hién tai, quanh khu virc mé TN-HA cé hé théng cic co s& ha ting cia moé Rong
bo6i/Rong Boi Tay (RD-RDT), Rong Vi Dai va hé thong dwong ong NCS1 dwoc xem la co sé
ha tAng gan nhit. M6 Rong D6i/Rong Do6i TAy va Rong Vi Pai nam & 16 11/2 va phia bac16
12/11. Thiét bi khai thac ngoai khoi gian R6ng P6i bao gom gian dau giéng dong bo khoan
(WHd) két ndi véi gian xtt ly, thiét bi phu trg, nén va nha & (PUQC) qua mdt ciu dan dai
80m, 1 dwong Ong xult condensate t&i tau chira FSO va 1 dwong dng xuat khi téi dwong
ong Nam Con Son 1 (NCS-1). Khi khai thac tir gian WHd dwoc van chuyén téi gian PUQC
dé xr 1y va sau d6 condensate 1an khi kho sé& dwoc van chuyén ngwoc lai téi gian WHd.
Condensate tir gian WHd sé dwoc vAn chuyén téi tau chira ddu FSO thong qua dwdong 6ng
ngam 6”x2,5km dé cit chira va xuit ban truc ti€p tai mo. Khi khé sé dwoc van chuyén dén
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dwong 6ng Nam Con Son 1 qua duwong 6ng dai 58 km dwong kinh 18 inches. Véi thiét ké
va cau tric co s ha tAng thiét bi nhw vay, gian RD/RDT c6 chirc ndng chinh nhw 1a 1 diém
két d4u ndi xuit khi cho khu vic phia Ty bé Nam Con Son. Cong suit cua gian CPP RD-
RDT dé xir Iy khi tir 16 12/11 dworc thé hién trén hinh 2. Dya trén dw bao san lwgng ctia Lo
11-2, céng suat ctia gian CPP RD-RDT hién du thira va cé thé ti€p nhan va xtr Iy khi b6 sung
tir L 12/11 (Hinh 2).
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Hinh 1. So d6 vi tri cdc giéng tai mé TN-HA.
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Hinh 2. Cong sudt con dw thira ctia gian CPP RD-RDT.
boi véi dwong dng NCS1: Theo thong sé ki thuat cia dwong 6ng nay, KP-75 la diém
két ndi gan nhat c6 thé dé két noi véi Lé 12/11. Khodng cach tir mo TN-HA dén KP-75
NCS1 khoadng 88 km. Cong suat cia dwong ong NCS1 dé tiép nhan nguon khi dwoc thé hién
nhw trong Hinh 3. Céng suit cua dwong 6ng NCS1 du dé tiép nhin thém san phim tir mé
TN-HA.
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Hinh 3. Céng sudt con dw thira ctia dwong 6ng NCS1 dé cé thé tiép nhdn thém
ngudn khi tir mé TN-HA.

3. Phwong an lap dat hé thong thiét bi tai mé TN-HA

Duwa trén hién trang cac thiét bi khai thac hién c6 cia cadc mo6 khu vwc 1an cdn mé
Thién Nga-Hai Au (TN-HA) cho thdy, k& hoach phét trién mé TN-HA dwa trén hé théng cac
thiét bi hién hitu & trong khu vurc 14n cin nay la lwa chon hop ly, ddm bao tinh kha thi cao
cla qua trinh phéat trién mé. Sw lwa chon nay phu hop véi quan diém phat trién cdc mé cin
bién (Tang Vin Pong va nnk, 2017; Back, 2016; Vijay Gupta and Ignacio E. Grossmann,
2016) dwa trén tiéu chi vé wu tién phat trién cac ciu tao thudc 16 dang khai thac ma hé
théng thiét bi xtr 1y sdn c6 va di cong sudt du cling nhw kha thi trong viéc két ngi. Diéu nay
sé dam bdo tinh don gian trong vin hanh, giam thiéu chi phi dau tw, dem lai hiéu qua kinh
té cho dy an (Svalheim and Chiang Mai, 2004; Chuck, 2000). Trén co s& cac nhan dinh do,
phuwong 4n 13p dit hé thong thiét bi phuc vu cho viéc phat trién mé TN-HA sé wu tién cho
viéc phat trién mé bang cach xay dung 01 gian diu giéng va hé théng giéng ngdm trén mo
Thién Nga - Hai Au (Hinh 4). Toan bd san pham sé dwoc van chuyén dén CPP Rong-boi dé
X ly.

Theo phwong an nay, tai mé TN-HA sé xay dung 01 WHP (WHP-TNHA) & vi tri tai
TN-3X dé khai thac khi va condensate tir 05 giéng tai TN-3X, 01 hé théng giéng ngam (SPS)
dé khai thac khi va condensate tir 02 giéng dwdi bién tai TN-4X va két ndi bang 3 km dudng
ong ngam 10” dén WHP-TNHA. Gian WHP-TNHA dugc thiét ké la mdt gian c6 nguoi & va
dworc trang bi cac thiét bi cong nghé & mic tdi gidn, gian dwoc két noi véi gian CPP Rong
Do6i. Khi tach ra va condensate cta cac giéng khai thac ngdm va giéng khai thac trén gian
sé dwoc thu gom trén gian WHP-TNHA va van chuyén qua dwong 6ng 16” dai 31,5 km dén
CPP Rong Doi dé xtr ly, nén va xuit ban. Gian WHP-TNHA c6 hé thong phat dién riéng dé
cung cip dién. Mot b 6ng cung cip ngudn thiy lwc va cap quang sé duoc 1ap dit dé cung
cap dién, giam sat va diéu khién hé théng khai thac ngdm tir WHP-TNHA. Ap suit dau vao
CPP-TNHA la 15 barg, khi tich ra sé dwoc nén 1én dén 157 barg nho may nén 2 cap. Khi
xuat ban sé dwgc xuat thong qua 31,5 km dwong 6ng ngdm 10” dé van chuyén dén gian
CPP R6ng Déi va vin chuyén dén Dwong 6ng NCS1.
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Hinh 4. Phwong dn phdt trién va vdn chuyén sdn phdm tai mé TN-HA.

Gian dau giéng WHP-TNHA WHP-TNHA dwoc thiét ké 1a mot gian c6 nguoi 6. Khéi
thuwong tAng dwoc xay dung 12 san tich hop, c6 thé 13p dit bang tau ciu. D6i vdi hé thong
giéng ngdm: Giéng TN-4X sé dwoc hoan thién va diu néi ngdm, dwoc két néi véi manifold
ngam. Mdi ciy thong khai thadc ngdm sé duoc trang bi mot van tiét lwu dé diéu chinh lvu
lwong. Ap sudt va nhiét do trwdc va sau van tiét lwu sé dwoc theo ddi. Mbi cay thong khai
thac ngdm sé dwoc trang bi mot bd do lwu lwong giéng, lap dit sau van tiét lwu. Hé thong
ong thu gom la mot dwong 6ng ngdm 10”. Hé thong ciy thong ngdm dworc thiét ké dé khai
thac khi va tao diéu kién tiép cin va can thiép khi can thiét. Thiét bi cdy thong ngdm va hé
thong treo 6ng chéng dworc trang bi dé chira va phai kiém soat khi khai thac tir via chita.
Thiét bi cdy thong ngdm phai dwoc thiét ké dé diéu khién thiy lwc dién hodc twong tu,
dwoc két néi véi hé thong ong chong, van an toan siu, thiét bi diéu khién va do lwong dé
do nhiét do va ap suat & day giéng, thiét bi day giéng.

Hé thong diéu khién ngdm cho phép diéu khién va gidm sat tir xa hé thong khai thac
ngam tir phong diéu khién dit tai gian WHP-TNHA thong qua b6 6ng va cap ngam
(umbilical). Umbilical sé bao gom cac dworng bom hoa chat, dwong diéu khién thiy lwc va
dwong cap dién két hop cac chirc ndng cung cip dién va tin hiéu diéu khién. Umbilical
chinh sé két noi tai tram thiét bi umbilical thwong ting dat trén gian nhe WHP-TNHA. Phan
dudi ngdm ctia umbilical dwoc két ndi truc tiép vao tram thiét bi umbilical ngadm. Méi cay
thong khai thiac ngdm dwoc trang bi mo-dun diéu khién ngam (SCM), dwoc dung dé diéu
khién cac thiét bi thiy lwc cia cac van trén ciy théng khai thac va giam sat cic cam bién.
Ngoai ra, SCM diéu khién cic van an toan siu va cung cap giao thirc véi cac thiét bi /cdm
bién trong long giéng.

Tram diéu khién chinh cung cip thong tin lién lac dw phong, thong qua hé thong
umbilical, dén tirng mé-dun diéu khién ngadm. Tram diéu khién chinh cung cap cac chirc
nang diéu khién va gidm sat chinh cho hé théng diéu khién ngam va sé két hop mot lién
két dén hé thong diéu khién phin tan chinh dé cung cip phwong tién diéu khién tir xa,
gidm sat va canh bdo. M6-dun diéu khién ngadm ciing giao ti€p véi hé thong dirng khan cip
dé dirng gian.



4. Két luin

Viéc xy dung va lwa chon phwong an phat trién mé TN-HA dwa trén hé théng ha
tang co s& hé thong thiét bi ctia cdc md hién hiru trong khu vwc la cin thiét va la can c&
quan trong trong qua trinh xy dwng va phat trién mo. Phwong an phat trién mo dwoc xay
dung cin phai dam bao theo hwéng wu tién toi da cong suat dw thira ctia hé thong thiét bi
san c6. Viéc két ndi cadc mé v&i nhau trén co sé& xem xét phwwong an ding chung hé théng
thiét bi s& gitip gidm chi phi trong qua trinh xay dwng va phat trién, nham phat huy t6i da
cac lgi thé khi xem xét phat cdc moé nhd, mé cin bién.

Phwong an lap dit cac thiét bi cho qua trinh vAn hanh va phét trién mo6 TN-HA bao
gom:

- Gian ddu giéng (WHP-TNHA): Xay dwng 01 gian diu giéng c6 nguoi @ WHP-TNHA
tai khu vuc TN-3X dé khai thac khi va condensate tir 5 giéng. Gian WHP-TNHA dworc két
ndi véi gian CPP Rong Doi.

- Hé théng giéng ngdm (SPS): Xay dung 1 hé théng giéng ngam dé khai thac khi va
condensate tir 2 giéng dwdi bién tai TN-4X va két n6i bang 3 km dwdng 6ng ngdm 10” dén
WHP-TNHA. Hé théng giéng ngam dwoc thiét ké dé khai thac khi va tao diéu kién tié€p cin
va can thiép khi can thiét.

- Hé thong vdn chuyén sdn phdm: Toan bd san phadm sé dwoc van chuyén qua dwong
ong 16” dai 31,5 km dén CPP Rong Doi dé xit ly, nén va xuit ban.

Phwong an lwa chon ndy ddm bao tin dung dwoc hé théng thiét bi xtt 1y sdn c6 cia
cac mo 14an can, vi cdng suit cla cAc mo nay van con dw va da diéu kién dé ti€p nhan va xt
ly sdn phdm ctia mé TN-HA.
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ABSTRACT

Research on the installation of equipment systems
for development planning at Thien Nga-Hai Au field

Nguyen Van Thinh*, Trieu Hung Truong, Vu Thiet Thach
Faculty of Petroleum and Energy, Hanoi University of Mining and Geology, Vietnam

Currently, most of oilfields in Vietnam are now depleted. They have reached their peaks and started
to undergo decreasing productivity. However, the existing infrastructures and processing facilities
of these fields are now still in good working conditions. Therefore, the existing equipment systems
from these fields still have ability to receive and process the oil and gas. Besides, the production
development of potential reservoirs, small oilfields, and marginal fields are effective solutions for oil
and gas industry in Vietnam. Thien Nga-Hai Au oilfield is a small oilfield located at Nam Con Son
basin. Research on the installation of equipment systems for development planning at Thien Nga-Hai
Au field based on the connection with the existing infrastructure of neighboring fields is necessary
and it keeps economic efficiency. This paper presents results of research on the development planning
of Thien Nga-Hai Au field based on the connection with existing infrastructures of Rong Doi/Rong
Doi Tay (RD-RDT) oilfield. The production exploited from Thien Nga-Hai Au will be transported to
the CPP platform at RD-RDT field for processing. Results of the research will contribute an important
plan for Thien Nga-Hai Au field in operation. In addition, results of the work provide scientific
knowledge for development planning of small-scale and marginal oilfields in the continental shelf of
Vietnam in the future.

Keywords: Thien Nga-Hai Au field, Equipment systems, Oilfield connections.
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Nang lwong gioé ngoai khoi Viét Nam: xac dinh tiém
nang va phan tich phan bo dia ly

Tran Anh Quéan !, Vii Cic Phwong 2, Trinh Tuidn Long 3 *

1 Khoa Méi trwomg, Trudng Dai hoc M6 - Dia chdt, Viét Nam
2 Khoa Ddu khi va Ndng lwong, Trwong Pai hoc M6 - Pia chdt, Viét Nam
3 Trung tdm Dong lwc hoc Thuy khi Méi trwong, Trwdng Pai hoc Khoa hoc Tw nhién, Pai hoc Qudc Gia
Ha Néi, VIét Nam

Tom tat

Véi hon 3.260 km bo bién va hon 3.000 hdi ddo, Viét Nam c6 nhiéu lgi thé dé khai thdc ndng lwong tdi
tao tir gié. Doi vdi sw phdt trién va tiéu thu ndng lwong ngay cang tdng, viéc nghién ciru va ddnh gid tiém
ndng ndng lwong tdi tao la diéu thiét yéu. Nhiéu quéc gia dd dat dworc thanh twu ddng ké trong linh vuec
nay, nhung & Viét Nam, nghién cttu vé ndng lwong tdi tao van con han ché. Nghién ctru nay nham ddnh
gid tiém ndng ndng lwong gié tai Viét Nam va phdn tich viing dia ly cé tiém ndng ndng lwong gié viing
bién ngoai khoi trén bién Dong. Nghién ctru str dung mé hinh RegCM4 va di liéu tdi phdn tich phién bdn
thit 5 (ERA5) bao gém cdc bién khi hdu va thoi tiét toan cdu ctia Trung tdm Dw bdo han vira Chdu Au
(ECMWF) dé ddnh gid sw phdn bé clia ndng lwong gidé. Di¥ liéu tram quan trdc ciing dwoc sir dung dé
kiém dinh dé chinh xdc va do tin cdy cta di liéu tdi phdn tich. Tiém ndng ndng lwong gié cho Viét Nam
dwoc ddnh gid st dung dir liéu khi twong giai doan 2010 - 2019. Két qud nghién cteu cho thdy, Viét Nam
¢6 tai nguyén ndng lwong gio trén bién phdn bé khéng dong déu theo khdng gian va thoi gian. Viing ven
bién tir Bac vao Nam, phia Nam ctia Bdc Trung Bo va mét sé khu vwec & Tdy Nguyén ¢ tiém ndng cao.
Tiém ndng ndng lwong gié cang cao cang 1én cao va viing tiém ndng mé réng hon. O’ ngoai khoi, & d6
cao 100 m, viing bién c6 tiém ndng ndng lwong gié tét nhdt ndm tai Bdc Bién Péng, ven bor Binh Dinh-
Ninh Thudn, Binh Thudn-Ca Mau va mét phdn viing bién trung tdm vinh Bdc Bé. Ddc biét, khu vurc bién
Ninh Thudn dén Ba Ria-Viing Tau cé tiém ndng ndng lwong gio tét dén rdt tét, vdi téc d gié trung binh
tir 8 dén 10 m/s va mat dé ndng lwong tir 500 dén trén 700 W/m?. Bang cdch thiic ddy sw hiéu biét vé
tiém ndng va phdn bé khéng déu ctia ngudn ndng lwong nay, nghién ctru cung cdp co sé cho quyét dinh
chinh tri va chién lwoc phdt trién ndng lwong bén vikng tai Viét Nam.

Ttr khéa: Ndng lwong gié, ERA-5, Viét Nam, ndng lwong tdi tao, RegCM4

1.M¢é dau

Trong boi canh bién d6i khi hdu va nhu ciu ndng lwgng ngay cang gia tang, ning lwgng tai tao
dang tré thanh xu thé méi clia thé gi¢i nham gidm thiéu phat thai khi nha kinh va phat trién bén virng
hon. Viét Nam la mot trong nhitng qudc gia cé tiém nang 1én vé nang lwong tai tao, dic biét 1a nang
lwong gid, nhor vi tri dia ly thuén lgi véi bo bién dai va khi hiu nhiét déi (Nguyén Thé Hung, 2007).
Trong nhitng nim gan dy, Viét Nam da c6 nhirng bwéc tién dang ké trong linh vuc phat trién dién gid.
Nhiéu canh dong dién gi6 da dwoc xay dung tai mot s6 dia phwong nhw S6¢ Trang, Ninh Thuin va dong
g6p dang ké vao tong san lwong dién tai tao cia dat nwéc (Bhattacharya, 2019).

Tuy Viét Nam da c6 nhitng buwéc tién dang ké trong viéc phat trién dién gié nhung qua trinh
phat trién ndy van dién ra mot cach tw phat, thi€u tim nhin chién lwgc. Phan 16m cac dw 4n dién gié
hién nay dang tap trung tai mot vai tinh c6 diéu kién tw nhién thuin loi & Nam Trung b va Nam Bo
ma chwa c6 sy danh gia, Iwa chon dwa trén co s& khoa hoc vé tiém nang nang lwong gié trén pham vi
ca nuéc. Didu ndy din dén tinh trang dau tw dan trai, chwa tap trung vao nhitng khu virc thue sw cé
tiém nang 1&n cho phat trién dién gio. Bén canh d6, cac nghién ctru danh gia tiém ning dién gié tai Viét
Nam con kha han ché. Hau hét cac nghién ciru hién nay méi dirng lai & méc d6 danh gia so bo tiém
ning ly thuyét tai mot vai khu vuc cu thé hoic dwa trén sé liéu quan trac c6 pham vi hep (Nguyén Thi
M§ va nnk., 2019). Chwa ¢ nghién ctru chi tiét va toan dién danh gia tiém nang dién gié trén pham vi
ca nwéc dé xac dinh ré cac khu viee wu tién. Do d6, viéc lwa chon dia diém dau tw cic dv an dién gié
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hién nay cht yéu dwa trén kinh nghiém va diéu kién thwc té chir chwa phai dwa trén co sé khoa hoc.
Nhin chung, sw phat trién dién gié & nwéc ta dang thi€u tim nhin chién lwoc dai han, con mang tinh tw
phét va chwa dwa trén nén tang nghién ctru khoa hoc day dud. Day 1a thach thirc cAn khic phuc dé dwa
nganh dién gi6 phat trién mot cach bén virng va hiéu qua hon trong thoi gian téi.

Do d6, viéc tién hanh mét nghién ctru chi tiét va toan dién vé tiém nang dién gi6 trén pham vi
ca nuwéce l1a vo cung cin thiét. Nghién clru nay sé cung cap co s& khoa hoc cho viéc hoach dinh chién
lwoc va ké hoach phat trién dién gi6 tai Viét Nam mdt cach bai ban, hiéu qua va bén virng hon. Két qua
nghién ciru sé xac dinh dwgc nhitng khu vuee c6 tiém nang 1én vé nang lwgng gié dé wu tién dau tw xay
dung cac nha may dién gi6. Piéu nay sé gitp t6i wu hoa hiéu qua khai thac nguén nang lwong sach va
tai tao, déng gép 1ém hon nira vao an ninh nang lwong qudc gia cling nhw muc tiéu gidm phat thai cua
Viét Nam va thé gidi.

2. Dir liéu va phwong phap nghién ciru
2.1. Phwong phap tinh toan tiém nang nang lwong gio

bé danh gia tiém ndng nang lwgng gié tai mot dd cao nao dé ctia khu vire, cin phai biét gia tri
téc do gié & dd cao d6. Tuy nhién, trén thé gi¢i ndi chung va & nwdc ta néi riéng, s6 tram quan trac cao
khong nhiéu, nén nhitng noi khong c6 thiét bi quan tric gié trén cao, phai xac dinh gié cho cac dd cao
mot cich gian tiép dwa vao tdc dd gié mat dat quan trac duoc tir cac tram khi twong bang mot ham
phén bo gié theo do cao. Phan bd gié theo do cao & tirng khu vue, tirng thoi diém cu thé phu thudc
khéng chivao dé gb ghé cia mat dém ma ca ting két nhiét cia khi quyén va mot s6 yéu to khac. Do do,
nhiéu nghién ctru trén thé gi¢i da sir dung phwong phap ngoai suy dwa trén quy luat logarit dé worc
tinh gian tiép téc do gié & do cao dwa vao gia tri quan trac tai mat dat (Justus et al,, 1978; Hogue et al,,
2000). Cong thtrc tinh nhw sau:

Néu biét téc dd gié V1 & do cao Z1 c6 thé tinh dworc téc dd gié Vz & do cao Z theo cong thirc sau:
V, _ In(z/20)

= 1):
Vi In(z1/20) (1);

_ In(z/2o)
Ve = e (2)

Trong d6, Vz1a t&c dd gid & dd cao can tinh Z, V1 1a tdc do gié quan trac mat dat, Zo 1a do go gheé
ctia mat dém, mirc Z1 1a d6 cao ciia may do gié mat dat (Z, = 10 m).

Do dd cao can tinh thwdng 1ém hon dé cao do gié mat dat (Z> Z;) nén V, > V; hay tdc do gi6
tang theo d6 cao. Ngoai ra, mirc d6 tang 1én cia tdc do gié theo d6 cao phu thudc vao do go ghé cia mat
dém (Z,). Khi d6 gb ghé ciia mat dém cang 16n thi toc d6 gié & do cao can tinh (V,) cang ting nhanh.

Danh gia tiém niang ning lwong gié dwoc tinh todn bang ham phan bd Weibull. Day 1a ham phan
bd dang dwgc ing dung rong rii & nhiéu quoc gia trén thé giGi trong d6 c¢é Viét Nam. Ham phén bo
Weibull hai tham s6 khong nhirng cho x4p xi tot véi day so liéu thuwe nghiém ma con la cong cu rat hiru
ich va thuén tién cho viéc nghién ctru mat d6 nang lwong gié (Celik, 2004; Akdag and Dinler, 2009).
Ham mat dd x4c sudt va ham phan bd tich liiy cia Weibull 2 tham sé 1an lwot dwgc biéu dién nhw sau:

p(v) = é(g)k_l exp [— (g)k] (3)
p(v) =1 - exp [— (g)"] )

Trong d6, c va k Ian lwgt 1a tham sé kich thwéc va hinh dang. Cac tham s6 nay cé thé wéc lwong
dwa trén tan sudt cac c4p gié quan trac bang phwong phap binh phwong t6i thiéu (Akdag and Dinler,
2009). M4t d6 nang lwong gi6 trung binh E dwoc tinh bang cong thirc:

E = 0.5pc%r (22) (5)
Trong d6 véi T'la ham gamma va p la mat do khong khi.
2.2. Dir liéu dau vao

Trong nghién ctru nay, ning lwong gié dwoc tinh toan str dung két qua mé phdong trudng gio tir
moé hinh khi hdu khu vuec RegCM4 (RCM), str dung cac diéu kién bién va diéu kién ban dau tir b6 dir
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liéu tai phan tich toan cAu ERA5 nham mé phéng trudng gi6 khi hau cho giai doan 10 nim tir ndm
2010 dén hét nam 2019. Do muc tiéu xy dung ban d6 phan b gi6 ngoai khoi khu vue bién Pong, cac
bién gié mwc bé mat tir két qua mo hinh RegCM cung v&i s6 liéu tai phén tich ERAS sé dwoc danh gia
v(i s6 liéu quan tric tai 13 tram ven bién. Sau d6, dwa trén két qua danh gi4, cac dic trung gio tai cac
muc 100 m va 150 m sé duoc str dung lam dau vao xay dung nén treong nang lwong gié cho khu vuee
bién Dong.

2.2.1. Di¥ liéu quan trdc

Trong nghién ctru nay st dung hai bd dit liéu gié quan trac gobm: (1) S6 liéu quan tric gié cuc
dai ngay (Vmax) tai 13 tram khi twgng ven bién dworc str dung dé€ so sanh, danh gia kha nang mé phong
ctia mo hinh & myc thap. Py déu 1a cic tram khi twong ven bién hodc & ddo, do gi6 & dd cao tiéu chuin
muc 10 m, do vy anh hwdng cta dia hinh hoic cic cong trinh xay dwng, vat can la khong dang ké so
v(i cac tram khi twong ndm siu trong dat lién. S6 liéu Vmax hang ngdy thu thap dwoc c6 tir ndm 1961
dén nay, tuy nhién nghién ctu nay chi st dung dir liéu trong 10 nam, giai doan 2010-2019. Vi tri cia
13 tram dwoc thé hién trén bang 1 va dwoc danh d4u bang chdm tron mau xanh trén Hinh 1; (2) S6
liéu tir 10 tram quan tric gio tai cic cot do gid tAng cao tai muwc do cao 80 m thu thap tir dw 4n “Xay
dung khung phap 1y va ho tro ky thuat cho két ndi lwdi dién va phat trién dién gié & Viét Nam”. S6 liéu
gi6 c6 trong giai doan nim 2012-2017, tuy thudc vao tirng di€ém do v&i tn suidt méi 10 phut. Thong
tin vé vi tri cac diém do dwgc danh diu bang dwdmg chdm dé trén Hinh 1. Danh sach chi tiét cAc tram
do gi6 & ca hai mwc 10 m va 80m dworc thé hién tai Bang 1.

= 1200

2N = ~= o T T v T T = T
96E 99E 102E 105E 108E 111E 114E 117E 120E 123E
Hinh 1. Vi tri do gié mwc 10 m tgi cdc tram khi twong (mau tim) va cdc tram do gié muc cao 80 m (mau
d6) trén nén mién tinh ctia mé hinh RegCM véi I6p nén dia hinh SRTM.

Bdng 1. Danh sdch cdc tram do gi6 mwc 10 m (13 tram) va 80 m (10 tram).

Danh sach cac tram khi twong myc 10m Danh sach cac tram do gié myc 80m

Bach Long Vi, C6 T6, Vinh, Pong Hé1i, Ky Anh, Pa | An Ninh Pong, Pa Loan, Ea Drang, Ea Phé, Hai
Nang, Quy Nhon, Phan Thiét, Viing Tau, Cén Pao, | Ninh, Ia Dér, Kon Dong, My Thanh, Thanh Haj,
Trwong Sa, Phi Quy, Phi Quoc Xuan Hoa

10



2.2.2. Dir liéu tdi phdn tich

S6 liéu tai phan tich ERAS5 dwoc st dung trong nghién ctiru nay 1a phién ban méi nhat vé khi
hau va thoi tiét toan cau do Trung tam Du béo thoi tiét Chau Au (ECMWF) cong bo. Day 1a tap hop s6
liéu khi twong khi hiu cho tirng gicr c6 d6 phan gidi cao bac nhat hién nay vi cic gia tri cir sau 0,25 do
kinh vi (Hersbach et al., 2020). ERAS bao trum giai doan tir nim 1979 cho dén nay. Bén canh cac gia
tri trung binh, ERAS5 ciing cung c4p cac wéc tinh vé dd khong chic chin thdng ké cho méi thong sd. Cac
gia tri trong ERA5 dwoc tinh toan bing phwong phap dong héa 4D-Var st dung hé théng IFS (Hé thng
Dw bao Tich hop) cia ECMWEF. Nho viy, ERAS khong chi don thuén 1a tai phan tich ma con 1a két qua
téng hop t6i wu tir md hinh du béo thoi tiét két hop véi dir liéu quan tric.

2.2.3. Di¥ liéu mé hinh

M6 hinh khi hau khu virc RegCM4 ctia Trung tdm Nghién ctru Gidm dinh Qudc gia ctia Y (Wu et
al,, 2021) dwoc str dung dé chi tiét hoa dir liéu trrong gié cho khu vire ven bién Viét Nam. RegCM4 cho
phép chi tiét hoa dir liéu khi hau tir d6 phan giai thé toan ciu vé do phan giai cao & quy mo dia phwong,
trong d6 van dam bao d6 chinh xac clia cac thong s6 vat 1y va cac qua trinh dong lwc khi quyén - mat
dat. Cac mo hinh khi hdu toan ciu cung cip diéu kién bién cho mé hinh RegCM4 (Wedi et al., 2015).
Trong nghién ctru nay, diéu kién bién va diéu kién ban dau ciia mé hinh khi hiu viing dwoc 13y tir bo
dir liéu tai phan tich ERA5 (Wu and Wang, 2012). Qua nhiéu giai doan cai tién, m6 hinh RegCM4 da
dwoc diu chinh véi so d6 tham s6 hoa méi nhw qua trinh twong tac bé mit CML, so dd 1ép bién hanh
tinh UW va bién trinh SST (B6 TNMT, 2020). Mot s6 thay doi dang ké trong m6 hinh RegCM4 géom 16p
bién Holtslage va so d6 chuyén hoa birc xa.

Trong nghién ctru nay, RegCM4 duoc thiét lap véi do phan giai khéng gian 10km véi so do
tham s6 hoa d6i lwu Kain-Fritsch, so d6 1¢p bién hanh tinh HW va so d6 chuyén hod do 4m SUBEX
(Subgrid Explicit Moisture Scheme-SUBEX) (B6 TNMT, 2020). D4y la thiét 14p m6 hinh da dwoc chirng
minh phtt hop cho viéc lai tao hoan luu khi quyén cho khu vire Pong Nam A (Hagspiel et al., 2012). Két
qua mo phong vé hudéng va téc do gié tir RegCM4 dwoc str dung khong chi cho hiéu chinh mé hinh ma
con dé tinh toan nang lwgng gié tiém nang ctia khu vire. Hinh 2 thé hién khu viec mién tinh chi tiét cta
mo hinh RegCM4 trén nén dia hinh.

3.Két qua va thao luan
3.1. Panh gia kha ning moé phong toc do gio cwc dai ngay

Hinh 2a so sanh tdc do gi6 cuc dai ngay trung binh gitra két qua mo6 phong tir mo hinh khi hu
khu vic RegCM4, dir liéu tai phan tich ERA5 va dir liéu thwe do tai 13 tram khi twgng ven bién trong
giai doan 2010-2019. K&t qua chi ra rang tc do gi6 cwc dai ngay tai cic tram phia Nam 16m hon so véi
phia Bic, véi mirc dao dong tir 9,1 dén 9,7 m/s tai hai tram dao Bach Long Vi va C6 Té. Cac tram doc
khu vuc bién mién Trung c6 téc dd gi6 trung binh tir 5,9 dén 7,4 m/s, trong khi khu viec Phan Thiét va
bién phia Nam c6 t6c dd gié trung binh khoang 8,2 dén 10,4 m/s. RegCM4 md phéng t6t va nim bt sw
bién thién gitra cac tram, déc biét la & cac tram ven bién va hai ddo. Trong khi d6, ERA5 thuwdng c6 xu
hwéng thip hon so véi quan tric, dic biét 1a tai Vinh, Phan Thiét, va Viing Tau. Nhin chung, RegCM4
c6 két qua md phong gia tri gié cuc dai trung binh tét hon dir liéu tai phan tich ERAS, déc biétla & cac
tram ven bién.

Phi QUi e Phi QUEC Phi Quéc —
Phi Quy Phii Quy ﬂ: Phu Quy =
Truong Sa (e Trwding Sa 5 Truéng Sa
Con Bio [ e E— Con Do |
Viing Tau Vg T VINETaU |
Quy Nhon AUy NNON Quy Nhon e
DaNing D N N D N
Ky Anh =" Ky Anh
Bang Hoi DONE HE | —— 1 [LUER T SeSSSSSSSS———
Vinh L s QLU S
caTe COTo [ === .
Bach Long Vi | BachLong Vi [l Bach Long VT [t
0 2 a 6 8 10 o 1 2 3 4 o 2 4 6 8
m/s mfs Title
CRegCM4 HERAS  mDU ligu tram 01 RegCM4 W ERAS CIRegCM4 W ERAS

Hinh 2. So sdnh cdc chi s théng ké vdn téc gié Vmax trung binh (a) va sai s6 MAE (b) va RMSE (c) ctia
RCM va ERAS so véi gid tri quan trdc tai 13 tram khi twong.
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Bi€u d6 2b va 2c so sdnh sai s6 trung binh tuyét ddi (MAE) va sai s6 quan phwong (RMSE) cia
van t6c gié cuc dai trung binh ngay cta dir liéu tai phan tich ERA5 va mo hinh RegCM4. Két qua mo
phong cho thdy RegCM4 thwong c6 MAE thip hon so véi ERAS, véi chénh 1éch 16n nhat tai tram Phan
Thiét khoang 2 m/s. Tai mot s6 tram nhw Phd Quy va Déng Héi, dir liéu RegCM4 c6 MAE cao hon ERAS
khoang 0,1-0,5 m/s. Tram Truwdong Sa ¢c6 MAE 16n nhit tir ERAS (khoang 3,5 m/s), trong khi tram Con
DPao c6 MAE nho nhit tir RCM (khoang 1 m/s).

Vi sai s6 quan phwong, ERAS thuong cho gia tri Vmax cao hon RegCM4, déc biét & cac tram
Phan Thiét, Viing Tau va Trwong Sa véi chénh léch 16n nhit khoang 4-4,5 m/s. Tuy nhién, & mot s
tram nhw Pong H6i va Da Nang, két qua md phong bang moé hinh RegCM4 c6 RMSE 16m hon khoang
3m/s, trong khi Phd Quy va Con Do cé chénh léch tir 0,1-0,5 m/s. Tram Trwong Sa c6 RMSE 16n nhat
tir ERAS (khoéang 8,5 m/s), trong khi tram Quy Nhon c6 RMSE nhé nhat tir RCM (khoang 2,5 m/s).
Nhin chung két qua mo phong tdc do gié cwc dai bang mé hinh RegCM4 khong chi c6 do chi tiét cao
hon so véi ERAS ma con ¢ sai s thip hon.

3.2. Panh gia kha nang mé phdng tdc dd gio trung binh mwc 80 m

Bi€u d6 trén Hinh 3 so sanh d6 chinh xac cia van t6c gi6 trung binh (Vtb) gitra dit liéu tai phan
tich ERAS va dir liéu mé hinh RegCM4 véi dit liéu quan trac tir 10 tram do muc cao thudc dw an GIZ.
Két qua phan tich cho thay sw khac biét r6 rét giita ERAS5 va RegCM4 so véi dit liéu quan tric. O’ mot
s6 tram nhw An Ninh Dong, Pa Loan, [aDer, Kon Dong, ghi nhan két qua Vtb tir ERAS thip hon dang ké
so véi dw liéu thue do, véi mirc sai léch khodng 1-2 m/s. Trdi lai, mot s6 tram nhw Pa Loan, [aDer, Kon
Dong, Hai Ning, My Thanh c6 két qua Vtb tir RegCM4 cao hon gia tri thuc do, tir 1-3 m/s. Tuy nhién,
tai mot s6 tram nhw EaDrang, Xuan Hoa, Thanh Hai, cd ERA5 va RCM déu cho két qua Vtb c6 sai s6 nho
hon quan tric. D&i véi két qua tai tao treong gié mue 80m so véi dit liéu quan tric, két qua Vtb tir mo
hinh RegCM4 thwong c6 do chénh l1éch it hon so véi ERAS.
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Thanh Hai a ' Thanh Hai ﬁ':l ThanhHai M C M™==
M§ Thanh . M§ Thanh _—— M§ Thanh
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laDer r laDey [r— JaDer [—
Hai Ning Hai Ning  [r— Hai Ning  [rm—
EaPhe EaPhe [ FaPhe [mm—_
EaDrang ’ EaDrang [rm— EaDrang [Fe—
D3 Loan ! Di logn [E—— Dj Loan [e—
An Ninh Bang An Ninh Ddng ! An Ninh Bang
0 1 2 3 4 5 6 0 1 2 3 4 0 0.5 1 15 2
mfs mfs m/s

MRegCM4  [DERAS  mDQliéu tram HRegCM4 [CJERAS WRegtM4 CIERAS

Hinh 3. So sdnh cdc chi s6 théng ké vdn téc gid trung binh (Vtb) (a), sai s6 MAE (b) va sai s6 RMSE
(c) ctia RCM va ERA5 véi quan trdc tai 10 tram do gié muwc cao 80 m.

Sai s6 Vtb ciia RegCM4 thwong thap hon ERAS tir 0,5-1 m/s, déc biét & tram An Ninh Déng véi
chénh léch 1én téi khodng 2m/s. Tuy nhién, c6 mot s6 tram, nhw EaDrang, Xuin Hoa, Thanh Hai, ghi
nhén sai s6 Vtb tir RegCM4 cao hon, véi mirc chéch 1éch thap tir 0,1-0,5 m/s. MAE 16n nhit ctia ERAS
xudt hién tai tram An Ninh Péng véi khodng 3,5 m/s, trong khi MAE nhoé nhit cia RegCM4 xuit hién
tai tram EaPhe v&i khoang 0,75 m/s.

Sw chénh léch dang ké gitra sai s6 quan phwong RMSE ctia RegCM4 va ERAS duoc thé hién trén
biéu d6 hinh 3c. Tai tram An Ninh Déng, ERA5 c6 RMSE 1én nhit, xap xi 5 m/s va sai s6 cao hon rat
nhiéu so véi sai s6 cia mé hinh RegCM4 (xap xi 2 m/s). Pa s6 cac tram, két qua RMSE tir ERAS5 déu 16n
hon so v&i RegCM4. Tuy nhién, & mot s§ tram nhw EaDrang, Xuin Hoa, dir liéu m6 phong bang RegCM4
c6 RMSE 16m hon dit liéu ERAS véi sai s6 cao hon tir 0,1-0,5 m/s. Sai s6 ctia m6 hinh khi hiu khwc thap
nhat xuat hién tai tram EaPhe véi khoang 1,5 m/s. Nhin chung, két qua m6 phdng gi6 tir mo6 hinh
RegCM4 thudng cho do chinh xac cao hon so véi dir liéu ERAS, tuy thudc vao tram do cu thé va khong
c6 quy luat.

3.3. Tinh toan tiém ning nang lwong gié ngoai khoi

Tiém nang nang lwong gié dwoc tinh toan dwa trén két qua mo phong triwong gié trong giai
doan 2010 - 2019 tir md hinh RegCM4. Trén quy m6 mua, tiém nang nang lwong gié trén Bién Dong
tai d6 cao 80 m dat gia tri cao nhit vao thang 1 va gidm nhe vao thang 4 (Hinh 4). Két qua tinh toan
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nay tuy twong dong véi danh gia do Bo Tai nguyén va Moi tredng (2022) nhwng gia tri md phéng cla
mo hinh RegCM4 c6 xu hwéng cao hon so véi két qua cong bo. Vi dy, vao thang 1, mat dé nang lwong
gi6 trung binh trén Bién Dong tir mé hinh RegCM4 dao dong tir 600-1,800 W/m2, so véi két qua cong
b 1a 300-1300 W/m2. Ngwoc lai, vao thang 4, mit do nang lwong gi6 trung binh tir RegCM4 1a dwdi
200-600 W/m2, thap hon so v&i két qua cong bo 1a dwdi 100-500 W/mz.

(' cac viing bién trén Vinh Bic B6, Quang Tri - Quang Ngii va Bic Bién Péng, mat d6 niang lwong
gi6 16n nhit trong cic thang 1 va 71a tir 300-600 W/m?2 va 800-1,200 W/m?, trong khi thip nhit trong
cacthang 4 va 101a dwdi 650 W/m2 va dwédi 750 W/m2. Twong tw, tai cic vung bién Binh Dinh vé phia
Nam Bién Déng, mat d6 nang lwgng gié 16n nhat trong cac thang muia ddng va thap hon trong cac thang
mua hé. Mat d6 nang lwong gi6 trung binh cho cacthang 1, 4, 7 va 10 1an lwot la tir 1,200-1,800 W/m2,
300-600 W/m2, 400-1200 W/m2 va 400-600 W/m2. & d6 cao 150m so véi mit nwéce bién, phan bs
tiém nang nang lwgng gié (Hinh 5) khong ¢ nhiéu khac biét so voi & dd cao 100m, tuy nhién ning
lwong tiém nang cé gia tri 16m hon do toc do6 gi6 & do cao nay 1ém hon.
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Hinh 4. Bdn d6 ndng lwong gi6 tai do cao 100 m dworc tinh todn dwa trén mé hinh RegCM4
trung binh tirng thdng cho giai doan 2010-2019.
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Hinh 5. Bdn do ndng lwong gié tai dé cao 150 m dworc tinh todn dwa trén mé hinh RegCM4

trung binh tirng thdng cho giai dogn 2010-2019

Két qua tinh todn nang lwong gié trung binh hang nam cho giai doan 2010-2019 & d6 cao 100
m va 150 m tir m6 hinh RegCM4 (Hinh 6) dworc so sanh v&i tiém nang nang lwong gié ctia Ngin hang
Thé gi¢i (WB) cho thiy sw twong dong trong phan bd khong gian. Cac viing ven bién, dic biét 1a Bic
vinh Bic B6 va Ninh Thu4n dén Ba Ria - Viing Tau, ¢4 tiém nang ning lwong gié 1on nhit. Tuy nhién,
két qua md phong ciia RegCM4 c6 xu hwdng thién cao hon tai mot s6 diém so véi WB. Vi dy, khu vue
Binh Thuén, theo WB (2021), c6 mat do nang lwong gié tir 400-500 W/m?, trong khi mé phéng cua
RegCM4 dua ra két qua trung binh trén 1000 W/m2. Tai phia Bac vinh Bac By, mat do ning lwong gid
tinh todn ttr mo hinh 12 500-750 W/m?2, trong khi WB cong bé chi tir 300-500 W/m2. Cac két qua thu
duoc cling kha ddng nhat véi nghién ctru clia Hing va cong sw (2023) mic du st dung giai doan nghién
ctru ngan hon va cap nhap hon. Véi muc 150 m, két qua mat ddng niang lwong gié tinh toan tir RegCM4

14 550-830 W/m? va c6 phan b6 khéng gian twong déng do6i vai muwe 100 m.
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Hinh 6. Bdn do ndng lwong gié trung binh ndm tai do cao (a) 100 m va (b) 150 m tir mé hinh RegCM4 cho
giai doan 2010-2019

4. Kétluin

Nghién ciru nay tinh toan tiém nang dién gié trén vung bién ngoai khoi Viét Nam dwa trén di
liéu trueorng gié dwoc mo phong tir mé hinh RegCM4 trong giai doan 2010-2019 véi cac diéu kién bién
duoc 14y tir b di liéu tai phan tich ERA5. K&t qua mo phéng duoc so sanh véi dir liéu quan tric & cac
d6 cao 10 va 80m cho thiy c6 do chinh xac cao v&i sai s6 MAE va RMSE thap. Cac khu vue bién & Vinh
Bac Bo va Bac Bién Dong c6 mat dd nang lwong gié cao nhét trong thang 1 va 7 tir 300-600 W/m?2 va
800-1200 W/m2. Trong khi d6, mat do thap nhit xuit hién vao thang 4 va 10, la dwdi 650 W/m?2 va
duwédi 750 W/mz2 Twong tw, & cac khu viee bién tir Binh Dinh vé phia Nam Bién Déng, mit d6 ning lwong
gi6 dat gia tri cao nhit trong cac thang mua doéng va gidm xudng trong cac thang mua heé. Mat dé nang
lwong gié trung binh cho cicthang 1,4, 7 va 10 lan lwot 1a tir 1,200-1,800 W/m2, 300-600 W/m2, 400-
1,200 W/m2 va 400-600 W/m2.

Két qua cta nghién ctru tuy méi chi dugc thue hién dwa trén mot khoang thoi gian nghién ctru
gi¢i han va ciing chua tinh dén cac yéu to khac c6 anh hwdng téi tiém nang dién gié ngoai ly thuyét.
Tuy nhién, két qua ctia nghién ctru 1a co s& cho cic nghién ciru va rng dung trong linh vwc phat trién
va quy hoach nang lwgng tai tao, dic biét la ning lwong gid trén Bién Déng. Két qua ctia nghién ctru c6
thé dwoc st dung dé€ dwa ra quyét dinh thong minh va bén virng vé viéc trién khai dw an dién gié trong
khu vuec.
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ABSTRACT

Offshore wind energy in Vietham: assessing the
potential and analyzing the geographic distribution
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Vietnam's expansive coastline and island archipelago present a distinctive opportunity for renewable
wind energy development. However, renewable energy research in Vietnam remains limited despite
growing global demands for sustainable energy. This study evaluates Vietnam's wind energy potential,
focusing on the spatial and temporal distribution of offshore resources in the East Sea. Utilizing the
regional cliamte model RegCM4 and the weather data from the latest ERAS5 reanalysis, wind and solar
distribution patterns are discerned. Observational records are incorporated to validate reanalysis
accuracy. Wind energy potential across Vietnam is analyzed using the reanalysis meteorological data
from 2010-2019. The results reveal uneven offshore distribution, with heightened prospects along
northern to southern coastal regions, southward from North Central Vietnam, and within the Central
Highlands. As altitude increases, wind energy potential and suitable geographic areas expand. Offshore,
at 100 meter elevation, optimal resources emerge within northern East Sea zones encompassing Binh
Thuan to Ca Mau, the central Gulf of Tonkin, and most notably from Ninh Thuan to Ba Ria-Vung Tau. This
region exhibits outstanding wind speeds up to 10 m/s and energy density beyond 700 W/mZ. By clarifying
the potential and heterogeneity of this resource, this study establishes a foundation to inform policy and
strategic planning for sustainable energy development in Vietnam.
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Hydro - giai phap ning lwong sach cho twong lai va tiém
nang san xuat tir nguon nang lwong tai tao tai Viét Nam:
mot nghién ciru véi treong hop nha may Pam Ca Mau

Ngb Ha Son*
Khoa Ddu khi va Ning lwong, Trudong Pai hoc M6 - Dia chdt, Viét Nam

Tém tat

Hydro dang tré thanh mét yéu té quan trong trong xu huéng chuyén dich ndng lwong toan cdu. Véi khd
ndng cung cdp ndng lwong ma khéng tao ra khi thdi gdy hiéu trng nha kinh, hydro cé thé déng mét vai
tro quan trong trong viéc gidm bt sw phu thudc vao nhién liéu héa thach. Ddc biét, viéc sdn xudt hydro
ttr nguén ndng lwong tdi tao - nhw dién gié va dién mdt troi - dang mé ra nhieng co hgi méi cho sw phdt
trién bén vieng. Cong nghé hién tai cho phép chiing ta chuyén héa ndng lwong tdi tao thanh hydro théng
qua qud trinh phén ly nwéc, tao ra mét ngudn ndng lwong sach cé thé dworc lwu trie va vdn chuyén. Tuy
nhién, van con nhiéu thdch thitc cdn dwoc gidi quyét, bao gém viéc lam gidm chi phi sdn xudt va phdt
trién ha tdng phdn phéi. Du vdy, vdi nhitng tién by cong nghé gdn ddy, hydro tir ngudn ndng lwong tdi
tao dang tré thanh mét khd ndng ngay cang hdp dan trong twong lai gan.

Ttr khda: hydro, chuyén dich ndng lwong, dién phdn nwéc, phdt trién bén virng, cong nghé sdn xudt hydro.

1. Mé dau

Hydro (Hz), thwong dworc goi la ‘hydro’, dang ngay cang dwoc cong nhan la mot vector nang
lwong sach va dang tin ciy cho viéc gidm carbon va loai bo nhién liéu héa thach [1]. Nhu cau toan cau
vé hydro dv kién tang ttr 70 triéu tin vao nam 2019 1én 120 triéu tdn vao nam 20241 [1]. Hydro dworc
san xuat théng qua qua trinh phan ly nwéc, mot qua trinh tach nwée thanh hydro va oxy, st dung dién
nang dwoc tao ra tir cAc nguon tai tao [2]. Tuy nhién, viéc mé rong san xuit hydro xanh déi mat véi
nhiéu thach thirc - nhwng cong nghé sé hién dai c6 thé cung cip mot sé giai phap [2].

Cac cong trinh nghién ctru da chi ra rang viéc két hop hydro dwoc tao ra tir qua trinh dién phan
véi viéc Ivu trir hydro trong cac mdi treong 16 chd dwdi long dat nhw cac hod chira dia chat va hang
muoi phtt hgp véi viéc chuyén déi ndang lwong dw thira vao thoi diém khong cao diém dé dap g nhu
cau vao thoi diém cao diémh. Cac céng trinh nghién ctru khac da chi ra rang viéc st dung hydro dé luu
trit sdn lwong dw ctia Nang lwong tai tao (Renewable Energy - RE) la mot giai phap hira hen dé dat
dwoc mot nén kinh té hydro 100% tai tao va bén virng [3].

Tuy nhién, mic du hydro xanh dang thu hut sw chi y tir cdc nganh cong nghiép, né van déi mat
vGi nhiéu thach thirc. Mot trong nhitng thach thirc 1ém nhat la viéc thiéu hi€u biét vé thiét ké tdi wu va
loi tirc d4u tw, do d6 han ché kha nang thanh khoan [4]. Ngoai ra, nganh cong nghiép hydro xanh con
thi€u ngudén nhan lyc chuyén mén va chi phi hoat déng cao [4].

Trong bai bdo nay, tac gid sé nghién ctru cac xu hwéng hién tai trong viéc chuyén dich sang st
dung hydro trong nganh san xuit nang lwong, cing nhw kha ning san xuit hydro tir cic nguén nang
lwong tai tao. Tac gia cling sé so sanh cac thanh twu da dat dwoc trong cong nghé san xuat hydro va dé
xudt cac hwéng di ti€p theo cho nganh cong nghiép nay. Dac biét, cic tinh toan so b vé viéc thay thé
mot phan khi tw nhién bang khi hydro trong phan ¢ng téng hop urea nham gidm thiéu khi thai gay
hiéu &rng nha kinh va da dang héa sdn pham dau ra ctia nha may ciing dwoc dé cip. Cac kich ban c6 lién
hé dén s bién ddi cta thi treomg nang lwong cling nhw kha nang dap trng va thich nghi cia viéc chuyén
doi sang str dung mdt phan nhién liéu hydro trong san xuit phan dam nay.

2. Vai tro ctia hydro trong chuyén dich nang lwong va cac cong nghé san xuat hydro

* Tdc gid lién hé
E-mail: ngohason@humg.edu.vn
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Chuyén dich nang lwong1a mot xu huwéng toan cau, trong d6 viéc tim kiém va st dung cac nguén
nang lwong thay thé, tai tao dang dwgc wu tién [5]. Trong qua trinh nay, hydro déng mot vai tro quan
trong [3,6,7] . Cac phwong an hién nay dé thuc hién viéc chuyén dich nang lwgng hiéu qua bao gom
viéc tap trung vao viéc loai bo din nhiét dién than, déng thoi quan ly tic déng ciia qua trinh chuyén
doi nay déi véi ngudi dan va doanh nghiép hoat déng trong nganh than [8] [9]. Pong thoi, cin xem xét
vai tro thich hop cta cadc nguon nhién liéu chuyén doi, vi du nhw khi thién nhién [10].

Mic du tdng nhu ciu nang lwong trong van tai, din dung va san xuat khong thay déi dang ké
trong giai doan 2020-2050, xu hwdng dién hoa va ting hiéu qua st dung niang lwong dan dén sw suy
giam nhu ciu san phdm dau mé (Hinh 1a, b). Bén canh d6, sw gia tang thinh virong trong nén kinh té,
sw néng l1én toan ciu, xu thé dién hoda, sé lam tang nhu ciu st dung dién ctia cac ho gia dinh. Ngoai ra,
linh vuc cong nghiép nidng sé ghi nhin sy thay thé cta khi tw nhién/LNG cho than, dé ting hiéu suat va
dam bao yéu té moi trweong [11] [12] [13].

Trong linh vwc vén tai, van tai dwong bo chiém 80% téng nhu ciu nang lwgng cho khoi véan tai.
Do xu hwéng dién héa va hiéu suit st dung nang lwgng ting, mac du s6 lwong phwong tién ting manh
gan 100%, nhwng nhu ciu lai gidam. Dong lwc chinh cho xu hwéng chuyén dich nay dén tir chinh sach
dé giam phat thai va sw giam chi phi cia c6ng nghé pin lwu trir cho xe BEVs (Battery Electric Vehicles)
va FCEVs (Fuel Cell Electric Vehicles ) [14]. Van tai bién va hang khong chiém khoang 4% tong nhu ciu
ning lwgng toan cau. Tuy nhién, xu huwéng dién hoa sé 1a khong dé dang trong linh vuc van tai bién va
hang khéng (van tai hang ndng). Do d6, cac ngudn nang lwong nhw LNG va NH3/H; va electrofuels sé
dan thay thé HFO (Heavy Fuel Oil)/LSFO (Low-Sulfur Fuel Oil)/MGO (Marine Gas Oil) trong van tai
bién, trong khi biofuels sé thay thé mot phan lam nhién liéu cho may bay. Trong thuec té, & khoang cach

Units: EJ/yr
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Hinh 1b. Nhu cdu ndng Iwong cta thé gidi theo linh vwec (nguodn: IEA, DNV 2020).
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ngan, hang khong c6 thé bi canh tranh béi sw phat trién clia tau dién/tau cao tdc (xu hwéng dién hoa).
Ngoai ra do anh hwdng cia dai dich Covid-19, birc tranh nganh hang khéng cé thé bi anh hwdng. Dé
dat muc tiéu IMO 2050, co cdu nhién liéu cho van tai bién sé c6 sw thay d6i manh véi viéce ting ty trong
nhiéu liéu it hodc khong phat thai CO2. H; cling dang dwoc xem xét str dung cho cac may bay hang nhe.
Viéc str dung Hz 10ng sé gitp giam khdi lwong, nén c6 thé stir dung cho cac may bay 16n hon [15].

Hydro c6 vai tro quan trong trong qua trinh chuyén dich nang lwong. Hydro cé thé dwogc st
dung lam “chit mang nang lwong sach” va 1a phwong tién lwu trix, van chuyén ning lwgng tai tao va
nguyén liéu trong cac nganh cong nghiép. Tai Viét Nam, trong cac nganh cong nghiép, hydrocarbon tir
cac nguon nhw khi thién nhién, LPG, naphtha dwoc st dung dé san xuit hydro thong qua qua trinh
reforming hoi nwéc hodc cac phan xwdng cong nghé tai nha may loc daut. Tuy nhién, dé théa man yéu
cau vé sy phat trién bén vitng, cAic ngudn nguyén liéu dua trén hoa thach dang dan duwoc thay thé bang
cac ngudn tai tao3. Do dd, qua trinh san xuit hydro dang dian chuyén sang qua trinh dién phin nwéc st
dung nang lwong tai tao*. Hydro tai tao, mdt phwong phap lwu trir nang lwgng, dac biét 1a nang lwgng
tai tao, dwoc dw dodn sé tré thanh phwong phap chinh dé san xuat hydro cho cac nganh céng nghiép
va nhién liéu trong twong lai. O’ cc khu vire ¢6 ngudn sinh khoi, hydro c6 thé dwgc san xuit thong qua
qua trinh khi héa sinh khoi. Tuy nhién, viéc trién khai san xuét hydro gap phai mot s6 vin dé. Mac du
cong nghé khi hoa sinh khoi da dwoc thwong mai héa hoan toan, cong nghé dién phan nwéc méi duwoc
thwong mai hda mét phén [16]. Mot van dé khac la gid thanh san xuat hydro con cao [17].

Pén nam 2050, hydro c6 kha nang cung cip gan 29 E]J trong nhu ciu ning lwong toan ciu, hai
phén ba dén tlr cAc ngudn téi tao (tdng nhu ciu nang lvgng 2050: 500 - 700 EJ) [15].

Linh virc cong nghiép (chu yéu la trong cac phan nganh sat/thép va SX ammonia) tiéu thu 14
EJ hydro tai tao 1 EJ = 278 ty kWh ~ san lwong dién 1 nam cda Viét Nam

Trong linh virc van tai, hydro c6 thé dwoc stt dung trong cac xe dién chay bang pin nhién liéu
(FCEV), cht yéu d€ van chuyén hang héa cong kénh va van tai hanh khach, véi khoang 4 E] mdi nam
vao nam 2050.

Trong linh vuc nhién liéu dan dung, hydro dwoc pha trén véi KTN hodc két hop dé tao ra khi
methane téng hop va dugc van chuyén trong mang ludi khi.

Vi du cu thé, Tap doan Dau khi Viét Nam (PVN) da tién hanh mdt s6 nghién ciru dé danh gia so
bd vai tro cta hydro trong bic tranh chuyén dich ning lwong va khao sat so bd kha nang san xuét
hydro tir cic nguon tai tao [18]. Tuy nhién, két qua tinh todn so' bo cho thiy, khi str dung H; thay thé
khi tw nhién cho sdn xuit dam tai Nha may Pam Ca Mau, gia Hz san xuit ra can thap hon khodng 2
USD/kg Hz dé dam bao c6 1¢i.

Dé trién khai qua trinh san xuat hydro tai tao & quy mé cong nghiép tai Viét Nam, cac vian dé
sau can duoc xem xét:

- Nguon nuérc, cé thé 1a nwde séng, nwéde bién hodc nwde da dwoc khir khoang, tuy thudc vao
dia phwong, cin dwoc xtr Iy so bo dé loai bd cac tap chat. Hién nay, mot s6 nghién ciru dang tip trung
vao viéc phat trién cac hé thong dién phan cé thé hoat déng truc ti€p v&i nwée bién.

- Ngudn sinh khdi, c6 thé 1a cAc phu phdm nong nghiép nhw rom ra, vé trau, 16i bip va ba mia,
phan bd rong khip ca nuéc nhung tén kém chi phi thu gom, van chuyén va tién x ly. Cong nghé khi
héa sinh khéi cho phép tao ra khoang 50 kg hydro tir méi tdn sinh khéi.

- Ngubn nang lwong tai tao, c6 thé la dién gi6 hodc dién mat troi, hién tai c6 chi phi san xuit
thap hon va dwoc hwdng gid mua wu dai. Cac ngubn nay c6 thé canh tranh dwoc véi cdc nguén nang
lwong truyén théng néu tinh dén chi phi méi treong. Mot van dé cin giai quyét 1a viéc ddu ndi dé duwa
dién tai tao vao hé thong lwéi dién quéc gia.

Tém lai, hydro c6 tiém niang l16m trong qua trinh chuyén dich ning lwong. Tuy van con mdt s
thach thirc nhw gia thanh cao va cong nghé chwa hoan thién, nhwng véi sy phat trién ctia cdng nghé va
téc d6 phat trién cia nganh nang lwong tai tao, hydro c6 trién vong tré thanh mot phan quan trong cia
hé thong nang lwong trong twong lai.

Cac cdng nghé san xuit hydro phd bién nhit hién nay dworc trinh bay trong Bang 1 [19-21]:

- Reforming/khi hoéa khi thién nhién (Natural Gas Reforming/Gasification): Hon hop cta
hydro, carbon monoxide va mot lwong nhé carbon dioxide dwoc tao ra bang cach phan (g cia khi tw
nhién v&i hoi nwdc & nhiét dé cao (700°C - 1.000°C). Phwong phéap nay la ré nhit, hiéu qua nhit va phd
bién nhat.
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Bdng 1. So sdnh cdc cong nghé sdn xudt hydro dang dworc dp dung hién nay [22].

Cong nghé Nang lwgng cung Nguyén liéu Hiéu suit | Tinh trang nghién
cap (%) ctru/trién khai

Reforming hoi nwéc Nhiét Hydrocabon(HC) | 70 - 85 Thwong mai hoa
Oxi hod mot phan Nhiét HC 60-75 Thwong mai hoa

Reforming tu gia Nhiét HC 60-75 Ngan han

nhiét

Plasma reforming bién HC 9-85 Dai han
Reforming pha léng Nhiét Carbohydrate 33-55 Trung han
Reforming amoniac Nhiét NH; NA Ngan han
Khi hoa sinh khdi Nhiét Sinh khéi 30-50 Thwong mai hoa
Quang phan Nang lwvong mat troi | Nwdc 0.5 Dai han
Lén men toi Nang lwong sinh hoa | Sinh khéi 60 - 80 Dai han
Quang lén men Nang lwong mét troi | Sinh khéi 0.1 Dai han
bién phan dung moi bién Nwéc 50- 60 Thwong mai hoa
kiém (Alkaline)
Dién phan mangtrao | Dién Nwéc 50-70 Thwong mai héa
doi proton (PEM)
Phan ra nhiét hod hoc | Nhiét Nwéc NA Dai han

- Cong nghé dién phan: Pay 1a mot cong nghé da dwoc thwong mai héa mot phan. Chi phi san
xuit hydro - H; bang phwong phap dién phan nwéc c6 thé canh tranh véi phwong phap truyén théng
(reforming hoi nwére khi tw nhién) néu c6 thé giam dworc chi phi dau tw (capex) va gidm gia thanh dién
dau vao.

- Reforming chat 16ng c6 nguon géc tir sinh khoi.

- Chuyén doi sinh khoi vi sinh vat.

Ngoai ra, con ¢c6 mdt s6 cong nghé hién dang dwgc phat trién nhw: Tach nwéc nhiét héa hoc,
tach nwdc bang quang sinh hoc va tach nwéc quang dién hda.

Mic du cac cong nghé san xuit hydro mang lai nhiéu lgi ich, chiing ciing gédp mot so6 thach thic:

- Lwu trir con bi han ché vé cong suét.

- Viéc van chuyén gap nhiéu khé khan.

- Chi phi dé san xuat hydro tir qu4 trinh dién phan dat do.

- Cung mot lvgng twong dwong nhw nhau, hydro san sinh it nang lwgng hon la xang. Nén dong
co chay bang hydro c6 cong suit yéu hon dong co xang.

- Khi hydro con 1am cho binh chita bang kim loai tré nén gion hon (do tinh tan dugc trong kim
loai).

Tuy vay, vdi su tién bo ctia cong nghé va su ting trwdng clia nganh nang lwong tai tao, hydro
c6 trién vong tré thanh mét phin quan trong cia hé théng nang lwong trong twong lai.

Chi phi cta cic phwong phap san xuit hydro dwoc trinh bay trong Bang 2. Hién nay, nhw da
trinh bay & trén, phwong phdp san xuit hydro phé bién nhét la chuyén héa tir nhién liéu hda thach,
nhung phwong phép nay gay ra khi thai nha kinh va 6 nhiém méi trrdmg. Mot phwong phap sén xuit
hydro thay thé la dién phan nwéc, trong d6 duing dién dé tach nwéc thanh hydro va oxy. Phwong phap
nay c6 nhiéu wu diém so v&i cic phwong phap thong dung khac [23], cu thé nhw sau:

Dién phan nwéc 1a mot qua trinh sach, khong gay ra khi thai nha kinh hay 6 nhiém méi truong.
Néu str dung dién tlr cAc nguon tai tao, nhw gié, mat troi hay thay dién, qua trinh nay con gitp giam
lwong carbon trong chu trinh nang lwong.

bién phan nwéc la mot qué trinh linh hoat, c6 thé dworc diéu chinh theo nhu ciu va diéu kién
ctia nguoi str dung. N6 c6 thé dwoc thuwe hién & quy mo nho 1€ hay 16m, & cic dia diém xa x6i hay gan
cac khu vuec tiéu thu. N6 ciing c6 thé két hop voi cac cong nghé lwu trir va van chuyén hydro khac dé
tao ra cac hé thong nang lwong hiéu qua va bén virng.
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Bdng 2. Chi phi ctia cdc phwong phdp sdn xudt hydro [19], [20].

A Chi phi san xuit Hz
Qua trinh (USD /ke)
Reforming khi tw nhién 1.03
Reforming Kkhi tw nhién + hé théng thu hoi va ton chira CO: 1.22
Reforming khi tw nhién + hé thong thu hoéi va tén chira CO2 + 156
hé thdng tinh ché H2 bang hip phu '

Khi ho4 than 0.96
Khi hod than + hé thong thu hoi va ton chira CO2 1.03
Dién phan st dung dién gi6 6.64
Khi hoa sinh khéi 4.63
Nhiét phan sinh khéi 3.80
Phan rd nwdc bang nhiét nguyén ti 1.63
bién phan nwéc 24-6.7

Dién phan nuwéc 1a mot qua trinh tién tién, c6 tiém nang phat trién va cai tién trong twong lai.
Cac nha khoa hoc dang nghién ctru cac cong nghé méi dé gidm chi phi, ting hiéu suit va do bén ctia cac
thiét bi dién phan. Cac rng dung méi ctia hydro ciing dang dwoc kham pha va trién khai, nhw xe chay
bing pin nhién liéu, may bay khong ngwoi 14i hay may bay ché khach.
3. Cong nghé san xuat hydro bang qua trinh dién phan nwéc

Cong nghé dién phan nuwéc dé san xuit hydro vé mat ki thuat c6 thé dwoc gidi thiéu tom tat
trong so' d6 & Hinh 2:

Hé théng dién bao gdm moét cap dién cuc ngdm trong dung dich kiém (KOH) & nong do6 25 dén
30% va dwoc ngan cach bodi mang ngan. Chit dién phan la mang polyme ¢ tinh axit cho phép trao doi
cac proton (H+). Pién phin bang oxit rin - solid oxide electrolyzer (SOE), 1a thiét bi dién phan nhiét do
cao (High Temperature Electrolyzer - HTE), thyc hién dién phan hoi nwéc & nhiét dd cao, mang lai
hiéu qua cao hon. Tuy nhién, cdng nghé ndy chwa sdn sang dé dwoc thwong mai héa vi van dé vé do
bén clia hé phan g & diéu kién khac nghiét [19]. CAc thong tin so sanh vé cic cong nghé dién phan
nwdc hién nay dworc trinh bay trong Bang 3.

Alkaline Electrolysis PEM Electrolysis Solid Oxide Electrolysis
I.,tj-, | F : [ e, ,{ }

H,0 H,0

’ 4 ol-
o, = ": H,

Anode (Ni, Co, Fe) Cathode (Ni/C) Anode (Ir) Cathode (Pt) Anode (LSM) Cathode (Ni/YS2)

Diaphragm Polymeric membrane Ceramic oxide

Anode

[EXLLEEN  4H,0 + 4 — 40H + 2H, 4H*+ 4e” — 2H, H,O +2e" — H, + O%

Hinh 2. Sor @6 phwong phdp dién phdn nwéc dé€ sdn xudt hydro.
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Chi riéng chi phi dién (trung binh 30%) da chiém mét phan chinh trong tong chi phi san xuit hydro
tir dién phan va n6 phu thudc vao dién tich 1p dit, s6 gio van hanh (load hours) va dia diém dit hé
théng dién phan. Theo IRENA, hydro san xuit tir dién c6 thé canh tranh néu gia dién giam xudéng dwdi
30 USD/MWh hodc néu chi phi dién phan gidm dang ké. Gidm chi phi cho dién nang sé ting cwong hiéu
qua chi phi cta viéc san xuit hydro thong qua qua trinh dién phin. Diéu nay dic biét quan trong & Hoa
Ky, thi tredmg dién nang lwong mit troi 1on thi hai trén thé gidi, noi ma hién tai da c6 cac hop dong
mua ban dién (PPA) v&i gia thiap hon $25/MWh [21] [24] [25].

Bdng 3. So sdnh cdc cong nghé dién phdn nwérc hién nay.

DPic tinh Don vi Kiém PEM SOE
Do phé bién ba thwong mai | Pathwong R&D
héa rong rai mai hoa
Nhiét do cia t& bao dién phan °C 60 - 80 50-80 | 900-1000
Hiéu suit dién héa % 62 - 82 67 - 82 81-86
Nang lvong tiéu thu riéng KWhN/m3 42-48 44-5.0 25-35
Do bén clia cac ngan Nghin gior 55-120 60-100 8-20
Do bén cia hé dién phin nam 20-30 10-20 -
Do tinh Khiét ciia hydro % <99.8 99.999 -
Thoi gian khéi dong cia hé phut 15 <15 >60
Sudt dau tw (2017) EUR/kW 750 1200 >2000

Sw phét trién cia san xuat dién tir ndng lwong tai tao c6 thé dan dén gia dién 4m trong twong
lai. Diéu ndy tao ra mot co hoilém cho viéc san xuat hydro tir dién, gitp can bang hé théng dién lwdiva
tan dung cac thoi diém gia dién thap (thap diém). Khi gia dién giam, viéc san xuit hydro tré nén kinh
té hon, gitp toi wu hoa viéc str dung nang lwgng va tao ra mét ngudén nang lwong sach, bén virng cho
twong lai.

Hién Viét Nam van chwa c6 co ché dic thu cho hgp dong mua ban dién truc tiép tir ngudn ning
lwong téi tao. Trong khi d6, déi véi dién tir nang lwong tai tao, cac quéc gia trén thé gi¢i da thuwe hién
co ché mua ban dién truc tiép (vé mit thwong mai), gitip cat gidm khau trung gian, gidm chi phi, ting
tinh canh tranh.

4. Tinh toan so’ bd hiéu qua Kkinh té cho trivdrng hop thay thé mot phian khi tw nhién bang Hydro
tai nha may dam Ca Mau

Trong qua trinh san xuit dam, hydro 1a thanh phin quan trong dé téng hop ammonia va urea.
Hydro duoc tao ra cht yéu tir khi thién nhién théng qua qua trinh reforming hoi nwéc, trong dé khi
thién nhién phan tng v&i hoi nwéc dé tao ra hon hop syngas gobm H; va CO. Lwong hydro thu dwoc
phu thudc vao ham lwgng CO- cé trong khi thién nhién. Nha may Pam Pha M§ va Pam Ca Mau 1a hai
nha may dam 16m ctia Viét Nam, cung cip khoang 1,6 triéu tAn urea moi nim, gép phan dang ké vao an
ninh lwong thuc qudc gia. Tuy nhién, do sw suy giam vé san lwong va chit lwong cla cac nguodn khi
trong nwérc, cing véi xu hudng tang gia cta khi thién nhién, cic nha may dam cin phai tim kiém céc
giai phap da dang héa nguén nguyén liéu dé dam bao hoat déng 6n dinh, hiéu qua va bén virng. Trong
dai han, khi cdc nguén khi trong nwéc c6 ham lwong CO2 ngay cang cao, viéc bo sung nguon H; la thiét
yéu. Bén canh d4, cic nguon khi thién nhién giau CO; cta Viét Nam (chiém hon nira tong trir lwong
khi) 1a mét nguon tiém nang can dworc khai thac hiéu qua. Do d6, dé str dung dworc ca hai thanh phan
hydrocarbon va CO; c6 trong khi cho muc dich san xuit dam, viéc c6 nguon hydro b6 sung la diéu kién
tién quyét. Nhuw vay, viéc tim kiém cac phwong phap tao ra nguén hydro b6 sung véi chi phi thap la yéu
cau then chét dé khai thac dwoc cac ngudn khi thién nhién giau COz1am nguyén liéu cho nha may dam.

Viéc tn dung dwoc nguon khi giau CO; tai Viét Nam va bo sung hydro dé san xuit nhién liéu
sach va hiéu qua 1a co s& dé thuc hién du 4n dau tw. Hydro c6 thé dwoc san xuit tir ngudén nang lwong
tai tao nhw dién gio, dién mat trod, hodc tir qua trinh dién phan nwéc, khi hoa sinh khéi... Hydro tai tao
dwoc san xudt bang cach dién phan nuwéec, véi chi phi chi yéu phu thudc vao dau tw ban dau va gia ning
lwong. Cac phwong phap hién tai cho phép hiéu sut tir 70% dén 80%. D€ san xuat 1 kg hydro, can
khoang 50 dén 55 kWh dién [26]. Bang cach st dung cdng nghé nay, lwong khi thai giy hiéu tng nha
kinh c6 thé duwoc gidm thiéu va c6 kha nang tham gia déng gop vao muc tiéu phat trién xanh cta Viét
Nam. Ngoai ra, viéc thay thé ciling c6 thé da dang hda san phadm clia cAic nha may dam bang cach chuyén
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sang san xuit cac héa chit khac nhw methanol, DME, formaldehyde,... Diéu nay sé gitp t6i wu hoa chi
phi san xuit, nang cao hiéu qua hoat déng ciia nha may, va mé rong thi phan.

Gia dinh: trong qua trinh sdn xuit Urea, CO; dwoc thu hoi tir hai nguén chinh: dong khi
Permeate va dong khi giau CO; ra khoi thiét bi tong hop Urea. So d6 qua trinh dwgc minh hoa & Hinh
3. Piéu nay dwoc thwe hién véi chi phi khong dang ké, tao ra mot ngudn CO; tai ché cé thé dwoc st
dung trong qué trinh tong hgp Urea. Viéc tai st dung CO, nay gitip gidm nhu cau CO; tir phdn &ng chinh
xudéng con 94%. D€ ddm bao cong suit san xuit Urea khong thay doi, lwu lwong khi nguyén liéu sé
dwoc gidm twong ing 6%. Diéu nay dong nghia v&i viéc phai bu thém 6% H: cho phan (ng téng hop
NHs. Nhu vay, thong qua viéc tai ché va tai sit dung CO,, chling ta khong chi gidam dwoc lwong khi thai
ra moi trirdng ma con t6i wu hda qua trinh san xuit Urea.

So d6 tinh toan so bo vé lwu lwgng cac dong dwa trén cac gia thiét thay thé mot phan khi tw nhién
bang hydro dwoc minh hoa trong Hinh 4. Dwa trén céc con sé tinh todn nay, viéc wéc tinh gia thanh san
xudt hydro theo cackich ban gia ctia cdc nguén dau va khi thong dung dworc thue hién. Cu thé nhw sau:

Truwong hop 1: Gia st gid khi 1a 0.46 lan gia HSFO (high sulfur fuel oil - gia nhién liéu nhiéu luu
huynh) cong véi 1.17 (thué dot). Véi gia HSFO 1a 35 USD/bbl va 1 bbl (barrel - thung) HSFO twong
dwong véi 6.287 MMBtU (Million British Thermal Units - triéu don vi nhiét Anh), gia khi Itic dé sé la:

2.56 +1.17 =3.73 USD/MMBTU
Khi d6, 6% nguyén liéu cung cap sé twong dwong véi 132 MMBTU /h, twong dwong véi 405 USD/h.
Do d6, gia H; toi da d€ c6 loi khi thay thé khi ty nhién sé la:
405/625 = 0.65 USD/kg H..

Ha: 115,298 Nm¥h - UREA: 2,600 ton/da
A0 Nm? - Ténghgp | N _ ik Y
1.5 riéu Nm?/day = o Ho+ N — A "
Phan irng 2+ Nz NH3 1,350 ton/day Tong hc_:p
Gas from GPP ch uyén hoéa Urea NHj 2 ton/day
(7.5% CO2)
COq 1,900 ton/day
CO; (80%)
—

£ X i 40,000 Nm?¥/day
Dot cap nhiet ————

Permeate gas

(415% CO2) ;
70,000 Nm¥/day :
. , Thuhéico, | I
115 ton/day
Hinh 3. Sor dd quy trinh sdn xudt Ure ctia nha mdy Pam Ca Mau.
; ; Thém H, 6% ~ 7000 Nmd/h (1 train 20 MW ctda Thyssenkrupp c6 céng sudt 4000 Nm2/h)
| Giam 6% ~ 3750 Nm#¥h | ~ 625 kg/h
% ~139 GJ/h |

~132 MMBTU/h

v

Hz: 108,380 Nm¥h - UREA: 2,600 ton/da
o - | Téng hdp Qi —_— Y
1.41 trigu Nm“/day P H, + N : ] 2
Phan trng 2+ N NH3 1,350 ton/day Téng hop
Gas from GPP chuyén héa Urea NH; 2 tonfday
(7.5% CO32)
co, 1,785 ton/day t 1,900 ton/day
(gidm 6%) '
' COz (60%)
1
Firy /7 ca I 40,000 Nm?/day
Do6t cap nhiet ———— ' !
1
Permeate gas : i
(41.5% CO2) ! |
70,000 Nm¥day I i
! ' i
R Thuhsico, | |
115 ton/day

Hinh 4. Sor db tinh todn so bd lwu lwong cdc dong nguyén lidu va sén phdm ctia qud trinh sdn xudt
Urea khi thwc hién viéc thay thé€ mot phdn khi tw nhién bang hydro tai nha mdy Pam Ca Mau.
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Truwong hop 2: Vi gid HSFO la 58 USD/bbl (gia & thoi diém trudce dich Covid), ta c6 gia khi la

4.25+1.17 =5.42 USD/MMBTU

Khi d6, 6% nguyén liéu cung cap sé twong dwong véi 715 USD/h. Do d6, gia H, tdi da sé 1a:

715/625 = 1.14 USD /kg H..

Trwong hop 3: Gia str gia khi 1a 12.7% gia Brent (trong trwong hop 14y 100% khi Malaysia) va
gia Brent 1a 40 USD/bb], ta c6 gia khila 5.08 + 1.17 = 6.25 USD/MMBTU. Khi d6, 6% nguyén liéu cung
cap sé twong dwong véi 825 USD/h. Do d6, gia H toi da sé la:

825/625 = 1.32 USD/kg H..

Trwong hop 4: Giad st gia khila 12.7% gia Brent va gia Brentla 70 USD/bb], ta c6 gia khi la 8.89
+1.17 = 10.06 USD/bbl. Khi d6, 6% nguyén liéu cung cip sé twong dwong véi 1328 USD/h. Do d6, gia
H, t6i da sé la:

1328/625 = 2.12 USD/kg H..

Nhuw vdy, thdng qua cac phin tich trén, ta c6 thé thiy rd sy thay déi cua gia H, téi da tuy thudc
vao gia ctia HSFO, Brent va phan tram nguyén liéu cung cip. Diéu nay cho thy sw linh hoat va kha ning
thich Grng ctia qua trinh san xuat véi cac bién déi cla thi treong.

Két qua tinh toan so' bd cho thay, khi str dung H; thay thé khi tw nhién cho san xuat dam tai nha
may dam Ca Mau, gia H2 san xuit ra c6 thé can thip hon khoang 2 USD/kg H, d€ dam béo c6 lgi. Hién
nay, trén thé gidi, chi phi san xuit hydro tir qua trinh dién phan hién nim trong khodng 2.4 - 6.7 euro
mdi kg tity thudc vao gia dién va capex clia hé dién phan (s6 liéu nam 2017). Trong khi d6, gia dién mit
trod va capex clia hé dién phan dang c6 xu hwéng gidm nhanh (dw bao gidm tir 750 EUR/KW vé 480
EUR/KW cho hé dién phan kiém).

Khi ty 1é dién tai tao tang 1én, cing v&i viéc giam gia thanh cac gidi phap ton chira (nhw pin lwu
trit, PoHy,...), xem xét dau tw hé théng ton chira tai cic khu virc c6 nhiéu nguén dién tai tao. Ddi véi cac
nha may dam c6 phan vén gop ctia PVN, khi ham lwgng CO; trong khi nguyén liéu tang, sé can phai bo
sung nguon H; d€ can bang véi lwong CO; ting 1én. Diéu nay gitip mé ra hwéng di cho cac nha may
dam c6 phan v6n gop ctia PVN, gidp t6i wu chuyén héa cac nguon khi c6 ham lwgng CO2 cao (nhw
“permeate gas” tir GPP Ca Mau, khi L6 B, khi Thién U'ng/Dai Huing). Can dwoc xem xét, tinh toan cu thé
hiéu qua kinh té€ mang lai, trén co s& déc thu gia khi va diéu kién tw nhién ctia khu vuec.

Can thiét lién hé/lam viéc truc ti€p véi cac nha ban quyén cong nghé (khi héa plasma, phan
tach nhiét, dién phan nwéc) dé hiéu roé hon vé tiém nang phat trién/thwong mai hda ctia cic cong nghé.
Xem xét xy dung chwong trinh nghién ctru dai han vé hydro, bao gobm san xut, ton chira, van chuyén,
phtt hop véi dinh hwéng dich chuyén ning lwong dang dién ra manh mé trén Thé gi¢i va tai Viét Nam.

Xem xét va dé xut véi co quan chitc nang c6 co ché khuyén khich, nhdm muc tiéu cin bing
dién, phat trién hoan thién chudi gia tri, bao gdm co ché cho phép mua ban dién tryc tiép tir ngudn
nang lwong tai tao. cling nhuxem xét xay dung Roadmap cho phét trién “nén kinh té hydro” tai Viét
Nam.

5.Kétluin

Cong nghé san xuat hydro tir dién phan nwéc da dwoc thwong mai hda va trién khai & nhiéu
noi trén thé gi¢i. Chi phi san xuit H, bang phwong phap nay cé thé canh tranh véi phwong phép truyén
thong (reforming hoi nwée khi tw nhién) néu cé thé gidm dwoc chi phi dau tw (capex) va giam gia thanh
dién dau vao. Nho nhitng cai tién vé ki thuat, chi phi sdn xuit bang cong nghé PEM va Alkaline ngay
cang tré nén canh tranh hon trong khi cac chi phi dau tw cho co sé ha ting cling dwoc du bao sé giam
dang ké (tir 50 - 80%).

Sw phét trién ctia san xudt dién tir nang lwong tai tao thAm chi con c6 thé dan dén gia dién am.
Diéu nay tao diéu kién thuan loi cho giai phap san xuit H, tir dién, dé gitip cAn bang hé thdng dién lwdi,
tan dung cac thoi diém gia dién thap (thap diém). Tuy nhién, cdng nghé dién phan nwéc bién hién van
chuwa thwong mai héa do khé khin vé ki thuat va chi phi rat cao. Cac nghién ctru xoay quanh van dé
nay nham giai quyét cac van dé ki thuat va gidm chi phi vn dang dworc trién khai.

Doi véi treong hop ciia Nha may dam Ca Mau, viéc dau tw san xuat hydro tir dién phan nwéc
dé ting cong suit ciia nha may, hay tirng buwéc bo sung ngudn khi thiéu hut trong twong lai xem xét,
tinh toan cu thé hiéu qua kinh té mang lai, trén co s& déc thu gia khi va diéu kién tw nhién ctia khu virc.
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Nhuw vy, viéc tim hiéu va dp dung cac cong nghé méi trong san xuit hydro khong chi gitp téi

wu héa qua trinh san xuit ma con gép phin vao viéc bao vé moi truedrng va phat trién bén virng.
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ABSTRACT

Hydro - A Clean Energy Solution for the Future and Potential
for Production from Renewable Energy Sources in Vietnam:
A Study with the Case of the Ca Mau Fertilizer Plant

Ha-Son NGO*
Faculty of Petroleum and Energy, Hanoi Unviersity of Mining and Geology, Hanoi, Vietham

Hydro is becoming an important factor in the global energy transition trend. With the ability to provide
energy without generating greenhouse gas emissions, hydro can play a key role in reducing dependence
on fossil fuels. Especially, the production of hydro from renewable energy sources - such as wind and solar
power - is opening up new opportunities for sustainable development. Current technology allows us to
convert renewable energy into hydro through water electrolysis, creating a clean energy source that can
be stored and transported. However, there are still many challenges to be addressed, including reducing
production costs and developing distribution infrastructure. Nevertheless, with recent technological
advances, hydro from renewable energy sources is becoming an increasingly attractive possibility in the
near future.

Keywords: hydro, energy transition, water electrolysis, sustainable development, hydro production technolog.
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Nghién ciru Kha niang st dung bom ly tim dién ngam
trong khai thac dau tai mé Nam rong - Poi moi
Lé Dirc Vinh1*, Nguyén Qudc Diing?, Ng6 Tuidn Nam3, Nguyén Mai Hal,
Nguyén Dirc Huy?!

1 Trworng Dai hoc M6 - Pia chdt, Ha Nji
2 Lién doanh Ddu khi Viét - Nga Vietsovpetro
3Céng ty CP phdn bén ddu khi Ca Mau

Toém tit

Dé ngdp nwérc cia cdc giéng & mé Nam Rdng - Doi Mdi ngay cang tdng, hiéu qud khai thdc bdng
phwong phdp gaslift va lwu lwong ctia giéng ngay cang gidm, doi héi phdi cé sw diéu chinh, thay doi
phwong phdp khai thdc pht hop véi diéu kién mdi. Trén co s& ddnh gid tiém ndng ctia mé, nhém
nghién ctru da Iwa chon 2 giéng thir nghiém la 2X-RCDM va 422/RC-4. Két qud do trén thuc té va
khép sé liéu véi phdn mém chuyén dung cho thdy viéc trang bi bom ly tdm dién ngdm dd gia tdng
ddng ké lvu lwong ddu va chdt lwvu. Giéng 2X-RCDM gia tdng 143 m3/ng.d chdt Idng, trong dé c6 16,3
t/ng.d ddu, giéng 422-RCDM gia tdng 199 m3/ng.d chdt Idng, trong dé cé 90,9 t/ng.d ddu. Véi cdc
mé c¢6 diéu kién twong tuw, ¢ thé str dung té hop bom ly tdm dién ngdm phu hop véi diéu kién cia
via va giéng dé khai thdc ddu mét cdch cé hiéu qud.

Tir khéa: Bom ly tdm dién ngdm, Giéng ngdp nwéc, Mé Nam Réng - D6i Mo

1. M& dau

M6 Nam Rong - P6i M6i ndm sat ké mé Bach H6 va Rong thudc 16 09-1 cta Lién Doanh Viét
- Nga Vietsovpetro, la mé dau hop nhit, c6 cu tao phirc tap nén thiét ké khai thac phai c6 mét
hoach dinh kinh té - k§ thuit riéng biét m&i c6 thé ning cao hiéu qua phat trién ma.

Cudindm 2012, mé Nam Rong - D6i Moi bat dau dugc dwa vao khai thac, va dé c6 dwgc san
lwgng On dinh, nha diéu hanh da khong ngirng 4p dung nhiéu giai phap kj thuit cong nghé nhu:
xtr ly viing cin day giéng, x(r ly lang dong paraffin trong thanh giéng, hoan thién céng nghé thu
gom dAu, 4p dung phwong phap khai thac gaslift, t8i wu hoa ché do giéng, duy tri 4p suit via bang
bom ép...

Tuy nhién, dén nay d6 ngap nuéc ciia cac giéng ting 1én, hiéu qua khai thac bang phwong
phép gaslift va lwu lwong cua giéng ngay cang giam.

- Gidm lwu lwgng khi khai thac dé6ng hanh;

- Tang ty trong ctia hon hop chat luu;

- Gidm hiéu qua khai thac bang gaslift, d6 sdu di€m bom ép khi s& bi han ché do cong suit
cta hé théng khi nén gaslift;

- Tang nguy co hinh thanh nhii twong dau-nwéc bén véi dd nhét cao 1am ting ton hao ap
suat doc thén giéng.

Cac yéu t6 trén dan dén gia tang ap suit ddy, gidm hiéu qua khai thac bang phwong phap
gaslift va lwu lwgng cda giéng.

Khi chuyén giéng sang khai thac bang bom ly tAm dién ngam sé cho phép ha ap suit day
giéng, tang cwong chénh 4p 1én via va tang lwu lwong khai thac. Tir dd, cho phép khai thac giéng
mot cach tdi wu, dap rng yéu ciu vé céng nghé mo.

Cac giéng dwoc lwa chon dé thir nghiém khai thac ddu bang bom ly tAm dién ngdm dwa trén
co s& cac yéu to sau:

- Ong chéng khai thac c6 kich thwéc 1én va goc nghiéng khong qua 1én d& dam bao tha dwoc
bom vao trong giéng;

*Tdc gid lién hé
E-mail: leducvinh@humg.com.vn

27



- Chat lwu khai thac c6 ty suit khi dau va ap suit bao hoa & mirc thap dé sw &nh hwdng cia
khi tw do t&i hoat dong cia bom & mirc thap;

- C6 nguodn dién cung cip cho bom ly tAm dién ngdm hoat dong 14y tir hé thong lwdi dién
trung tam.
2. Cac dir liéu dau vao, thiét ké bom ly tim dién ngam va so’ d6 thiét bi long giéng cho cac
giéng thir nghiém

Giéng 2X-RCDM va 422 /RC4 dwgc lwa chon thir nghiém bom ly tAm dién ngdm trén co s&
cac yéu to sau:

- Mirc tang lwu lwong tinh todn tot sau khi chuyén sang khai thac st dung bom dién ly tim
ngam;

- Ong chéng khai thac c6 kich thwéc 1ém (9 5/8” & 9 5/8”x7”) v&i gbc nghiéng khong qua
1é6n dam bao tha dwoc bom vi kich thwédce theo thiét ké;

- Giéng c6 ty suit khi dau va ap suit bdo hoa & mic thip nén anh hwdng cua khi tw do t&i
hoat déng cia bom & murc thip;

- Han ché ctia cdng sudt dién cua hé théng lu¢i dién trung tAm, dan dén sd lwong giéng thi
nghiém ap dung bi gi¢i han.

Do cung lvu lrgng thiét ké va thong s6 lam viéc twong déng, cac thiét bi chinh ctia bom ly
tdm dién ngim cho 2 giéng thir nghiém 2X va 422 dwoc lwa chon twong ty nhau.

Bdng 1. Lwa chon giéng tiém ndng dé trang bi bom ly tdm dién ngdm.

K&t qui matching m hinh |Ché d Khai thic bing gaslift | Tinh todn tiém ming ki dura vao khai thic biing bom dién chim
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2| 406 |RCDM] & | 200 | 173 ] 28 | 08 | 200 | 175 | 18 | 47 [ 63 |15 25000 | %9 ) 63 | 8| 72| 31 |3 | MW 68

3| X [RCDM| ® | 192 | 100 | 626 | 086 | - ° 10 [ 97 [ 63 [ 31| 26000 | 956 | 63 [307| 9% | 75 |19%6| 8% 216 PO I I L] n 5

41405 RCOM[ © [ 195 [ 122 | 15 [ 086 | 197 | 1362 | 11 [ 67 | 8 [53 | 30000 | 219 | 8 [20[50 | 2 [20| M 169

5| 47 |[RCOM| & | 187 | 157 | 3 | 08 | 1874 | 1573 | 2 60 | 63 [19] 2000 |302) 63 |%|72| 2 || M4 6

6| 409 |RCDM| & | 162 | 90 | 08 | 086 | 160 | 91 | 05 | 34 | 8 [ 27| 2000 | 8 | 8 [65 (|58 | 20 [%6| 4 3

7| 408 |RCDM] & | 214 | 203 | 13 | 086 | 2136 | 2028 | 133 | 144 | 50 [ 62| 30000 [1034) 50 | M58 | N | THA| BN 38

8| 40 |RCDM] & | 25| 24299086 | - - 58 | 115 [ 66 | 34| 30000 |80 | 66 [251[108] 4 [T7]| 7% a 20 ) 66| M| 1% [ 67 20

9| 45 |RCDM] & | 156 | 78 | 03 ] 08 16 )15 | 12] 1800

2.1. Véi giéng 2X-RCDM

Dwa trén dir liéu vé dia chit - ky thudt dwoc cung cip, da tién hanh lya chon va thiét ké hé
théng bom ly tAm dién ngam (Hinh 1).

So d6 thiét bi long giéng cho giéng 2X-RCDM c6 trang bi cac van gaslift, dé€ du phong van
hanh khai thac giéng bang cac phwong phap gaslift, trong trudrng hop bom ly tAm dién ngam bi
héng (Hinh 2).
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FINAL WELL OPERATION DIAGRAM (Case 1)

N

ﬁﬁr

=

Transformer

Amperage:

274 (Amps)

Kilovolt Amper: 1372 (KVA)
Surface Voltage: 28206 (Volts)

Note: "Surface" rates are calculated
at standard conditions.

< Surface Rate (O+W): 258.6 (m3/d)

LU

Wellhead Tubing Pressure: 20.000 (atm)
Wellhead Casing Pressure: 19.000 (atnn)

Discharge Pressure: 248 684 (atm)

Pump <

Novomet 535 NP(1900-2500)H

Stages:

Pump Operating Power: 91.9 (KW)

Cable

Fluid Level [MD]: 21694 (m)
172

Pump Intake Pressure: 101.490 (atm)

Free Gas into Pump: 0.0 %

No Gas Separator Selected

Borets/Kurgan-cable KESBP-230

Size: 212 mm?2
Shape: Flat

Motor ©

Novomet 562 AM200 2916V

Nameplate Power:
MNameplate Voltage:
Nameplate Current:
Design Frequency:

147.7 (KW)

291600 (Volts

39.0 (Am(;);) ) @ Reservoir Pressure: 177.000 (atm)
55.000 (H=) <  Bottom Hoele Pressure: 125278 (atm)

Nameplate Frequency: 60,000 (Hz)

Hinh 1. Hé théng bom ly tdm dién ngdm giéng 2X-RCDM.

WELL 2X/RC-DM
Rotor WEST ARIEL
Date: 02.11.2020
Wellhead & X'Mas Tree: IKS 100/80-350

Mandrel Gaslift valve Depth from — I N
Rotor table, m | | ID (mm/mch) | OD (mm/inch)
Type of . Phpo, |Port size _— — — ., ——— ] — — — — ]
| e ) v |we | "™ | 069 Tobinghanger | | |
C Sub
1| 765 | 278 |73mm| 857 | 14| 765 | ! — ==L 1
‘ | Casing 194nmx 1090mm(0-3384m) |
2 1396 27/8" | T3mm | 842 14" 1396 | Tubing 3nm | 622441 | 1psis |
o 1 | | | | |
3 1840 27/8 T3pmm | 828 1/4 1840 |Thedep1h0fm,m1drel‘; _L’_Ianiel_ 1 epam | 114345 |
4 2147 27/8" | T3mm |Orifice| 1/4" 2147 ‘k‘ei:LT‘e Injection line 3/8"
5 2400 27/8" | 73mm| Dummy 2400 | Mandrel for | 5962347 | 12065475
. 2500 | Thermical injection
6 | 2500 | 27" |73mm| Forghemical | 5500 | = - ! ! !
- - mm iyection N _ Downholecable | | |
_ Bleedervalve | | 93366 |
I I
NOTE: I I _ Checkvalve _ ) _ _ _ _j_ 92362 _
Ptro: test rack open pressure at 16'C and 0.1 MPa L340 L 1 Pump 136/5.35
Pump series: NP(1900-2500) H CMP AR? CR1 114 (172stages) S e
. ! Intake Gas Separatdr | 136/535 |
Pump power consumption: 78.154 kWi | | T T 1
. Protector 136/5.35
Flwd rate: 250 m3/day | N | | 7 — 7 =
Visa: __ Moter | _ _ _ _|_ 143562 _|
5 - Pham Bau Mhin Signed by: T E - | | | | |
Date: 03711/2020 16:23:33 Signed by: T prmemmo Baresmt Sensor 103/4.06
Cerafied by: Vistsovpetra Date: 04/112020 16:52:48 L3159 Ll |~ ——— _———— =
Certification Authority Certified by: Vistsovpetro
Certification Authority 3384
_____ I Casing 178mm x 10/ 36mmm (3384-3 1)
(R S T T T T T T T
e Casing 45mx USOmmGH300m) |
g Open Hole 0215 94nm (34934144
4144 D S R ]

Hinh 2. Sor do thiét bi long giéng ctia giéng 2X- RCDM.
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Truwéc khi van hanh két qua kiém tra cho thiy, do chinh xac cao khi do Iwu lwong bang
ddng hd do Micromotion Coriolis gin trén binh V-400, khong phat hién dwgc ro ri & van nhanh
cta hé théng cong nghé, ciy thong khai thac, 6ng khai thac, va chiéu quay cia bom ly tim dién
ngam giéng 2X-RCDM 1a chinh xac.

Bdng 2. Cdc théng sé khai thdc truéc khi ldp bom ly tdm dién ngdm, thong s6 thiét ké cia

bom va thwec té sau khi dwa bom vao lam viéc.

Thong so giéng trudc ESP Thong so thiet ké ESP Théng sé 1am viéc hién tai T g
By vl ng. | | AQL | AQd
Q. d, tng.d| H20,9% (V919 | Qb lod, tngd| oo, 0| @b fod, tng.d| H20, 9| AQL | AQd 40 o
m3/ng.d m3/ng.d| m3/ng.d m3/ng.d m3/ng.d| t/ng.d
61 17 68 43 254 64.1 75 204 333 81 143 16.3 13
2 z A ~ \ A o~ 2 =N
Bdng 3. Cdc théng sé lam viéc thuc té cua giéng 2X-RCDM.
. Nhigt pigntré)| . Cong 5 T8

Diéndp| Myc Tl 7an % [co QI [Heo cach dier (0N9 | suét tiu IR ||
Thoi| vao | thay | Pm | Pnc |Pline dong |3 [P hat, | o |Cotap, Qd, | P ddy |caacan | SUdttiéu| thyutoan | Qdong | @& | chativu
gian aong | atm | am [ atm | "2 [co,%| vy | atm d'-’ngg (m) [m3/ng.| % tng.d| atm kOMp' thy, phan, w3 | miéng, | khai thac

M) € d KWing.d| KWing.d . m3

0:00| 399 | 1794 | 13,5 13.0 | 13.3| 33.7| 88.0 | 54 147.3 | 146 |1585.9| 205.6 | 81 33.5| 293.2 9999 133.7 163.7 206 89.6 9626

1:00| 402 | 1794 | 13.2| 13.0| 13.0( 336 | 87.8 | 54 147.3 | 146 [1579.3) 205.6 | 81 335 | 292.6 9999 134 164.3 206 89.6 9635

2:00] 403 | 1794 | 13.4| 13.0| 13.2| 33.6 | 87.8| 54 147.3 | 146 |1585.9 205.6 | 81 33.5| 293.2 9999 133 162 206 89.7 9643

3:00| 398 | 1796 | 13.8 [ 13.2 | 13.6 | 33.6 | 87.5| 54 147.3 | 146 [1594.6) 205.6 | 81 33.5| 294.0 9999 134 163 204 89.6 9652

4:00|] 402 | 1794 | 13.9| 13.0| 13.7| 33.6 | 88.0| 54 147.3 | 146 [1591.3| 205.6 | 81 33.5| 293.7 9999 134 164 207 89.6 9661

5:00| 401 1794 | 139 | 13.0| 13.7 | 33.7 | 88.0 54 147.3 | 146 (1592.4( 205.6 81 33.5 | 293.8 9999 134 164 206 89.6 9669

6:00| 394 | 1794 | 13.0 ( 13.0 | 12.8 | 33.8| 88.4 | 54 147.3 | 146 |[1575.0| 205.6 | 81 33,5 | 292.2 9999 134 164 206 89.6 9678

7:00] 401 |1792.5| 13.0 129 12.8| 33.7| 87.6| 54 147.3 | 146 [1583.7) 202.3 | 81 33.0 293 9999 134.6 164.6 203 89.7 9686

8:00| 400 [1793.5( 14.2 | 13.0| 14.0 | 33.6 | 87.8 54 147.3 | 146 [1594.6( 202.3 81 33.0 294 9999 134 164 201 89.6 9695

Khép cac théng sé lam viéc thuce té cua giéng vai két qua tinh todn trén mé hinh phan mém
chuyén dung (phin mém MBal cia VNIIneft) da cho két qua twong déng. Luu lwong hién tai nam
trong dai lam viéc ciia bom.

NpoH3B0AMTENBHOCTE HACOCA
HosomeT - NP (1900-2500)H (IUHTA-3003) - 1737 /172 c1. / 3158 ob/mun f 54.0 Ty
Hecke: 2X; mip: RCDM; @.H.0.: CryaeHukkH 0.4,

100

150

200 250 300 350 400 450
Madaya, m3/cym
[ — PacugthanPHX W — Cicremnan kpusas |

S00

550

600

Hinh 3. Biém lam viéc ciia bom ngdm giéng 2X-RCDM theo két qud tinh todn trén mé hinh.
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2.2. V&i giéng 422/RC-4
Tién hanh twong tw nhw giéng 2X-RCDM, ta co:

Bdng 4. Cdc thong sé khai thdc trwdéc khi lap bom ly tdm dién ngdm, thong sé thiét ké ctia bom
va thwec té sau khi dwa bom vao lam viéc.

Théng s6 giéng truéc ESP Théng s6 thiét ké ESP Thong sé 1am viéc hién tai Gia ting
Ql, o |VOlng. [ QL fod tng.d | Qb 0| AQL [ AQd, 0
m3/ng.d (2d, ng.d| H2O, % m3/ng.d| m3/ng.d 20 0 m3/ng.d e it | (REE, 0 m3/ng.d| t/ng.d AIREI0, %,
52 28 32 35 257 85.7 60 251 1189 | 45 199 90.9 13

Tién hanh khép cac thong s6 lam viéc thuce té clia giéng véi két qua tinh todn trén mo hinh
phin mém chuyén dung ciing da cho két qua twong doéng.

NpoxIB0AHTENBHOCTE HACOCA
HoeomeT - NP {1900-25000H (3UHTA-3003) - 1737 / 172 c1./ 3421 06/mnH / 58.5 Ty
Necke: 412; m/p: RCDM; @.M.0.: Crygerukun O.A.

24080 Tu]

0 50 100 150 200 230 300 350 400 450 S00 550 600 650

Modawa, m3/cym

||7 —— Pacu&Than PHX V¥ — CucTemuban KpuBan |

Hinh 4. Piém lam viéc ctia bom theo két qud tinh todn trén mé hinh.

3. Phin tich hiéu qua cta viéc sir dung bom ly tim dién ngam

K&t qua ctia viéc trang bi bom ly tim dién ngadm cho giéng khai thac da gia tang lwu lwgng
chat lwu thém 143 m3/ng.d (v&i giéng 2X-RCDM), 199 m3/ng.d (véi giéng 422/RC-4), lwu lwong
diu thém 16,3 t/ng.d (v&i giéng 2X-RCDM), 90,9 t/ng.d (véi giéng 422 /RC-4), sau khi dwa giéng
vao lam viéc.

Trong qua trinh lam viéc, c6 sw gidm dan lwu lwong chit 16ng, kém theo gidm ap suit & dau
vao ctia bom, giéng hoat dong khong 6n dinh do khong du lwu lwgng tir via.

Trong qua trinh khai thac, d6 ngap nwéc gidm dan. Cic mau hang thang dwoc 14y va tién
hanh phan tich 6 thanh phan, dwa trén két qua clia cdc mau, c6 thé thiy do khoang héa giam dan.

Ngoai ra, do bom ly tAm dién ngam hoat dong & bén trai cia dai lam viéc t6i wu da giy ra
suw tang nhiét d6 cia cudn day dong co dién ngam va sw gidm tai hién tai, kém theo ciac xung manh.
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D& thiét bi hoat dong 6n dinh, c6 thé ting tan sd dong dién, din dén ting cot 4p va dam bao bom
lam viéc trong dai luvu lwgng cho phép, hoic thay thé bang bom ly tAm dién ngam c6 lwu lwong
thip hon, phu hop véi diéu kién cta giéng.

4. Kétluan

PO ngdp nwéc trung binh cia cac giéng khai thac thugc mo Nam Rong - D6i Moi da tang cao
hon 60%, dan dén gia ting 4p suit ddy, gidm hiéu qua khai thac bang phwong phép gaslift.
Két qua do trén thuc té va khép s6 liéu véi phan mém chuyén dung cho thiy viéc trang bi
bom ly tim dién ngdm d3 gia ting dang ké lvu lwgng dau va chit lwu. Giéng 2X-RCDM gia tang 143
m3/ng.d chat long, trong d6 c6 16,3 t/ng.d dau, giéng 422-RCDM gia tang 199 m3/ng.d chat 16ng,
trong dé c¢6 90,9 t/ng.d dau.
Khi chuyén giéng sang khai thac bang bom ly tAm dién ngdm s& cho phép ha ap suit day
giéng, ting chénh ap v&i via va ting lvu lweng khai thac, c¢é tinh khoa hoc va thyc tién. Tir d6, cho
phép khai thac giéng mot cach t6i wu, dap rng yéu ciu vé cong nghé mo, dic biét 1a cdc mo cé diéu
kién twong tu.
D& khai thac dau bang bom ly tAm dién ngdm dat hiéu qua cao, can phai lya chon t& hop
thiét bi phu hop véi diéu kién cta via va giéng: lwu lwong, d6 sdu, nhiét d6, thanh phan chit lwu,...
Tai liéu tham khao
1. Hoang Anh Diing, Tran Van Ban, Triéu Hung Trwong, Lé Prc Vinh (2016), Thiét bi khai thac dau
khi, NXB Khoa hoc ky thuat.

2.Lé Phwéc Hao. Co s khoan va khai thac dau khi. Nha xuat ban Pai hoc Quéc gia Tp. H6 Chi Minh.
2002.

3. Phung Dinh Thuc, Dwong Danh Lam, Lé B4 Tuin, Nguyén Van Canh, (1999), Cong nghé va k§y
thuit khai thac dau khi, Nha xuat ban gido duc.

4. B4o cao veé viéc ap dung thir nghiém bom dién ly tim ngam tai mé Nam Rong- P6i Moi. Lién
doanh Viét - Nga “Vietsovpetro”, 2022

ABSTRACT

Study on the application of electric submersible
centrifugal pumps in oil exploitation at Nam rong - Doi

moi field
Le Duc Vinh!'*, Nguyen Quoc Dung?, Ngo Tuan Nam3, Nguyen Mai Hal, Nguyen
Puc Huy!

1 Hanoi University of Mining and Geology
2 Vietnam - Rusia Vietsovpetro
3 Petrovietnam Camau fertilizer joint stock company

The flooding of oil wells in Nam Rong - Doi Moi field is increasing, the efficiency of production by
gaslift method and the flow of wells is decreasing, requiring adjustments and changes to appropriate
exploitation methods. with new conditions.Based on the assessment of the field's potential, 2 test
wells were selected, 2X-RCDM and 422/RC-4. Actual measurement results and data matching with
specialized software show that equipping a submersible electric centrifugal pump has significantly
increased oil and fluid flow.For fields with similar conditions, submersible centrifugal pump
combinations suitable for reservoir and well conditions can be used to exploit oil effectively.

Keywords: submersible centrifugal pump, flooded well, Nam Rong-Doi Moi field.

* Corresponding author
E-mail: leducvinh@humg.com.vn
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Pic diém qua trinh bién doi thir sinh da Cacbonat tuoi
Mioxen bé Phi Khanh

Nguyén Thi Minh Hong*
Khoa Ddu khi va Nang lwong, Trwdng Pai hoc Mé-Dia chdt (HUMG), Viét Nam

Tom tat

O’ Viét Nam, cong tdc tim kiém thdm do va khai thdc ddu khi & thém luc dia cho dén hién tai chii yéu
tdp trung vao 3 déi twong tram tich vun tudi Oligocen, Miocen va dd mdng trwéce Kainozoi. Trong khi,
trdm tich cacbonat ciing la mét d6i twong cé tiém ndng ddu khi rdt Ion & bé Nam Coén Son, bé Tw
Chinh - Viing Mdy, bé Séng Hong, bé Phii Khdnh hién chwa cé nhiéu nghién citu, ddnh gid. Tai bé Phi
Khdnh, dd cacbonat dwoc coi la mét trong nhirng déi twong cé tiém ndng ddu khi Ién vai tinh chdt
chira tét dén rdt tot. Tuy nhién cho dén thoi diém hién tai do han ché vé tai liéu dia chdn, dia chdt,
dia vat ly giéng khoan va mdu 16i nén van chwa cé dwoc cdc nghién civu ti mi va chi tiét vé ddc diém,
chdt lwong, tinh chdt thdm chira cia dd chira cacbonat & b€ Phii Khdnh. Bai viét nay dé cdp cu thé
dén cdc qud trinh bién déi sau tram tich ctia dd cachonat, két qud phén tich mau tai cdc giéng khoan
khu vwc nghién civu va ldn cdn cho thdy qud trinh bién déi thir sinh dnh hwéng Ién dén chdt lwong
dd chira cachonat bao goém: qud trinh, dolomit héa, qud trinh hoa tan va tdi két tinh... dé€'lam sdng té
ddc tinh tdng chita (tinh chdt rong, thdm ctia dd). Co sé& phan tich cdc qud trinh bién déi sau tram
tich dwa trén két qud phan tich mdu ldt méng thanh hoc, phdn tich SEM trong khu vurc nghién ciru.

Tir khéa: Cacbonat, Bién doi thi sinh, Qud trinh dolomit héa

1. M& déau

(' Viét Nam, cong tac tim kiém tham do va khai thac diu khi & thém luc dia cho dén hién tai
chu yéu tap trung vao 3 d6i twong trim tich vun tudi Oligocen, Miocen va da méng truérc Kainozoi.
Trong khi, trim tich cacbonat ciing 1a mo6t doi twong c6 tiém nang diu khi rat 16n & b€ Nam Con
Son, bé Tw Chinh - Viing My, bé Song Hong, bé Phit Khanh hién chwa c6 nhiéu nghién ciru, danh gia.

Bé€ trdm tich Phu Khanh ti€p gidp védi ving bo bién mién Trung cta Viét Nam, kéo dai tir
Quang Ngii dén Phan Thiét, la ving nwéc sdu nén mirc d6 nghién ctiru vé TKTD diu khi con han
ché v&i s6 lwong giéng khoan con it (3 giéng khoan tham do: 124-HT-1X, 124-CMT-1X, 127 NT-1X).
Phan 1én dién tich nghién ctru ndm & dia hinh swon luc dia va thém ngoai luc dia, day 1a mot bé cé
tram tich Kainozoi phat trién v&i bé day thay doi tir 4000-10000m (Hinh 1). P6i twong dau khi
cling da dwoc phat hién trong da chira cacbonat tudi Miocen tai giéng khoan 124-CMT-1X. O’ bé
Phu Khanh, d4 Cacbonat Miocen rat phé bién, 1a d4 chira tiém ning va da dwoc khiang dinh qua
phat hién diu tai giéng khoan 124-CMT-1X. Cac dang da cacbonat khac nhau trong bé Phui Khanh
nhw cacbonat khéi xay, cacbonate thém hay cac khéi san hé am tiéu déu c6 tinh chat chira tét, do
rong thay dai tir 5-20%.

2. Pac diém dia chiat khu vuc

Bé Phu Khanh 1a bé tram tich Kainozoi phdat trién trén khéi cdu tric bac II ¢6 cung tén goi
(Nguyén Hiép, Nguyén Van Dac, 2000). Phan 16n dién tich nghién ctru ndm & dia hinh swon luc dia
va thém ngoai luc dia, diy la mot bé c6 tram tich Kainozoi phat trién véi bé day thay doi tir 4000-
10000m. Lich st phdt trién cia bé Phu Khanh lién quan phong kién tao chung cta cd khu vuc bao
gdm va cham mang An D6 vao mang A Au (Eocen-Oligocen) va tich gidn bién Péng (Oligocen-
Miocen trung) va trai qua cac giai doan sau:

*Tdc gid lién hé
E-mail: nguyenthiminhhong @humg.edu.vn
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Hinh 1. So dd khu vwc nghién citu va dé sdu ddy bién
- Pha t4ch gidn (Eocen (?) - Oligocen- Miocen sém(?)): P4y la pha kién tao chinh cta bé;

- Pha lin chim 6n dinh (Miocen sém - Miocen mudn): Trong giai doan nay, qua trinh lun
chim khu vuc bdt ddu dién ra. Dia hinh nghiéng dan vé phia déng. T6c d6 Iin chim trong pha nay
dién ra vé&i téc do cham;

- Pha lin chim nhanh (Miocen muén - Dé tx): Giai doan nay ddy bién tié€p tuc lun chim vé
phia déng nhung véi téc d6 cao hon, thém vao d6, lwong tram tich d6 ra cling doi dao da tao nén
bé day trim tich Miocen mudn, Pliocen-Dé t& kha 1én, dic biét tai khu vuc doc theo dit giy sut
bac van dwoc goi voi tén dit gdy kinh tuyén 109.

Tram tich Dé Tam bé Phd Khanh it dwoc nghién cru vé dia ting. Vi vay, viéc phan chia dia
tang, xac dinh cadc mat bat chinh hop... chl yéu dwa trén két qua minh gidi va lién két tai liéu dia
vatly v&i sy phan chia & cdc bé Séng Hong, Clru Long va Nam Con Son. Két qua khoan mot sé giéng
& khu vuc ndy (tap trung & cdc d6i nang phia Tay, 124-CMT-1X, 127-NT-1X, 115-A-1X, 112-BT-1X)
cho thdy dic diém chi yéu cta phin chia dia tang va lich st phét trién trim tich Dé Tam cta bé
Phu Khanh. Do bé Phii Khanh & vi tri sat phia Nam bé& S6ng Hong, phia Bic bé Clru Long va b& Nam
Coén Son nén dia ting c¢6 nhiéu nét twong déng. Tram tich Kainozoi & bé Phi Khanh mang nhirng
nét dic trueng cho cho twéng tram tich bién 1a chu yéu va né c6 nhiu nét twong déng véi nhirng
thanh tao trdm tich dd dwoc phat hién va nghién ctru tai ning Tri Ton, dia hao Quéng Ngii cling
nhu ven ria thém Phd Khanh. Cot dia ting tong hop khu vie b€ Phit Khanh dwoc thé hién trong
Hinh 2.
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Hinh 2. C4t dia tdng téng hop bé Phi Khdnh.

3. Co’ so tai liéu va Phwong phap nghién ciru

Dit liéu str dung cho nghién ctru gbm céc tai liéu vé dia chat dau khi khu vwe, két qua phéin
tich thach hoc. Cac phan tich thach hoc duoc thwc hién bang phwong phap phan tich lat méng duéi
kinh hién vi phin cwc, phwong phap kinh hién vi dién t& quét SEM, phwong phap ban dinh lwong
bing nhiéu xa tia X (XRD), phan tich CL(cathodoluminesce microscopy), phan tich déng vi phéng
xa bén (stable isotopic analysis), phan tich bao thé nwéc FI (fluid inclusion analysis). Phan tich
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thach hoc 14t méng bang kinh hién vi phan cuc, mdi lat méng phan tich dwoc x4c dinh cac thanh
phan bang phwong phap dém diém, két hop v&i quan sat moé ta dic diém veé kién truc, cdu tric
tram tich, cac bién ddi thir sinh, ty 1é twong déi va phan loai 16 réng.... Phan tich SEM bing may
JEOL (model JSM-5600LV) dé xac dinh cac khodng vat thir sinh va xi ming, quan sat hinh thai 16
rong, cac pha phét trién khoang vat... anh hwdng dén hé théng rong trong d4 tram tich cacbonat.

Nghién ctru, phan tich 14t méng thach hoc dwoc thwc hién trén 20 mau vun (cutting) da
cacbonat cta giéng khoan 123-TH-1X va 124-CMT-1X thudc khu vwc nghién ctru. Céng tac khoan
tham do tai bé Pht Khdnh vAn con kha nhiéu han ché. Cho tdi nay chi c6 5 giéng duwoc khoan trong
pham vi dién tich bé. D€ phuc vu cong tac nghién ctru, mdt s6 giéng khoan khu vuc 1an cdn (phia
Nam bé S6ng Hong) cling di dwoc st dung (Bang 1).

Bdng 1. Théng ké tai liéu giéng khoan khu vic bé Phii Khdnh va ldn cdn.

STT Lb Tén GK DST MDT Mau (Lime+dolomite)
1 118-BT-1X + 5 (lAy mau trong clastics)
2 118-CVX-1X - - Core 1568-1586 (Mud+Lime)
3 118-CVX-2X + + Core
118 1500-1627 (core)
4 118-CVX-3X + + 1627-1678 (17 mau cutting) (VPI
lab)
1530-1615 (core) 1615-1665 (17
> 118-CVX-2XsST1 mé&u cutting (VPI lab)
1449-1456 (Mud+Lime); 1469-1486
s 119-CH-1X i ) va 1960-1972 (lime)
7 120 120-CS-1X i ) Sidewall core 715-1015 va 1127-
1275
8 121 121-CM-AX i ) Sidewall core 1042-1474 va 1541-
2020
2220-2250 & 2265-2445 & 2460-
9 123 123-TH-1X 2490 (cutting) 2260 & 2453
(sidewall core)
Full cutting; 1475-1468,5 & 2001-
10 124 124-CMT-1X i * 2216,4 (sidewall core)
124-HT-1X - - -

11 127 127-NT-1X

Cé rat nhiéu tic gid phan chia da cacbonat theo cach riéng khiac nhau phu thudc vao cac
tiéu chi nhu: phan chia theo moéi trweong tram tich, thanh phin vit chdt, kich thwéc hat, kién truc
khung xwong... nhw ciia Folk (1959), Dunham (1962), Embry va Klovan (1971), Wilson (1975).

Phwong phap nghién cru dwa trén co sé ly thuyét cac cadc nha nghién ctvu thach hoc tram
tich nhw Dumham (1962) va Folk(1965)

M6 hinh phén loai da cacbonat cua Folk, 1959 theo kién truc, thanh phan vat chit twong
d6i chi tiét va phirc tap, bao gbm ca kich thwdc hat, 46 mai tron, do chon loc va sap xép hat. Cach
phén loai cta Folk doi hoi va phi hop v&i cac nghién ctiru vé thach hoc dwéi kinh hién vi. M6 hinh
phan loai ciia Dunham, 1962 dva theo kién tric tw nhién cta d4, don gidn hon va dé tng dung
trong thyc dia. Theo Dunham, c6 4 loai da cacbonat chinh la: mudstone, wackestone, packstone,
grainstone, boundstone va crystalline. (Bang 2 va 3).
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Bdng 2. Phdn loai dd cacbonat dwa trén thanh phdn va kién triic dd - theo Folk (1959).

<10% Allochems e
»10% Allochems [
ALLOCHEMICAL ROCKS {1 AND II) M'CHDCH?SEEIIJ'L'NE ROCKS % bt
o
=
Sparry Calcite Cement » Microcrystaling Ooze B =
Microcrystalling Qoze Matrix > Sparry Calcite <% | @ ¥
Matrix Camant 1-10%% Allochems Allo- % g
SPARRY ALLOCHEMICAL |  MIiCROCRYSTALLINE chems
ROCKS (1) ALLOCHEMICAL ROCKS (2) {v)
Intrasparrudite Intramicrudite Intraciests:
g g8 (li:Lr) {li-Lr} Irtraclast-baaring
= EEF Intrasparie Intramicrite Micrite -
E (Ii:La) {ii:La) (MELr or La) % =
§ Oosparudie Oomiciudite . Oolites: =E
= 28 {io:Ls) {locLr) § Qclite-bearing | £
8 g3 Cosparite Oomicrite E Micrte 28| _
= (io:La) {ho-La) § folrorla) | & g Z
I - T -
] : 18 Biomicruita £ i £ %
_ (b:Lry {MbeLr) 2 Fossiss 1§ =
3 HE L 5 Fossilierous Micrile | 2 E 2
g A Bigspariie Biomicrite: flb:lr, La, orL1) | = §
L = w B 'E . . = =
& 208 {Ib:La) (lb:La) =
El§|322 Ef
< - @ 2 = = Biopelsparite Biopelmicrite =g
S| |55% 52 (PbpiLa) (IbpLs) Pelets: g2
5] Ve g | Palletisrous Micrite | =
Q= Pelsparite Pelmicrite {lip:La)
v (Ip:La) (ip:La)
Falk, 1959

Bdng 3. Phdn loai dd cacbonat dwa trén thanh phdn va kién triic dd - theo Dunham (1962).

Depositional texture recognizable Depositional
texture not
Components not bound together during deposition Compgnengs recognizable
were boun
Contains carbonate mud Lacks mud | together
(clay / fine silt) and is during
rain iti
Mud supported Grain sugported Copostion
supported
Less than | More than
10% grains | 10% grains
Mudstone |Wackestone|Packstone |Grainstone Boundstone| Crystalline
5 mm mm 5 mm 5 mm 5 mm 5 mm
eem—— ) oarrsrwed S >y N
0 \ ) )
0 Jhes '
s Sa® s Q
S es 9 E
Q 0 ¢ O

4. Két qua nghién ciru

Nghién ctru, phan tich méi 1at méng thach hoc dwoc thuc hién trén 20 mau vun (cutting)
d4 cacbonat cda giéng khoan 123-TH-1X va 124-CMT-1X thudc khu vwc nghién ciru.

Két qua phén tich cho thdy, phan 16n cic mau la miu wackstone, c6 1 mau la pacsktone
(Bang 4, 5).

37



Bdng 4. Két qud mdau phan tich gk 123-TH-1X

Vun luc nguyén| Skeletal (sinh vat) |Non-Skeletal Matrix Xi mang & KVTS| Do rong
o
(=
%) £ I ) 2 A
R ® £ o o = 3 o
5l ss | o | Pham gl |e| [E]® o12£|5 Slals| |5
£ | higu | sau loai sl lel s8] |2 [Bl]=]s o | E[E|S] 2|8
Y M L ] F c o X 0 ol & [S3N B e) = o g vl 3|2
mau (m) da N|[al|® = olm|o| & ElClolo|lo|E]| 2|82 |%
tlalE|loelElslc|lec|Z|clels|Sl=l=l=]|6]|®]|S]|2]o]o
slole|8|S|C|(Zle]o|C|Z|e|ld|5|5|e|<c]|oe|5]5]5]5
S|lole|2|5]lolc|l£|lo|l=]lolel@| 22| ® 8 cl=l=(2]2
Ng olu]jo|<c|L|joflulx]|lalE|lO|X¥]I>]I=|=]|O0 ¥ [£lE(=|=
13| « [DT-22|2330-2335 [Wackestone 10.7[1.0 17.3 52.0 12.0{ 6.0 | 0.3 0.7
| <
14 I DT-232335-2340 |Wackestone 10.0 7.3 15.3 46.3 10.7] 9.0 0.4 1.0
| -
15 Q DT-27)2375-2380 |Wackestone 16.32.0 16.0 42.0 11.7{10.3] 0.7 (0.7
-
16) DT-2812390-2395 |Wackestone 13.7 12.0 7.7 49.0 10.3] 6.3 0.3 0.7
17 DT-31)2430-2435 |Wackestone 2.0 6.7 63.0]7.3] 9.3(10.7| 0.3 0.7
18 DT-32|2435-2440 |Wackestone 8.311.3|4.3 8.3 52.3| 4.0] 6.7 ]13.7] 0.7 0.4
19 DT-332450-2455 |Wackestone | 2.3 10.3 43 9.3 428|231 6.3]200] 0.7]1.0 0.7
20 DT-342460-2465 |Wackestone | 13.7 33 4.0 55.3| 80| 70| 87 vét
Bdng 5. Két qud mdu phan tich gk CMT-1X.
Vun luc nguyén| Skeletal (sinh vat) [Non-Skeletal Matrix Xi mang & KVTS Do réng
(2]
3 £ 5|8 £ E @
S| ss | oo Phan g <| |g|% 2121515 Slals| |5
2 | hisu sau loai = 3 |8 b2 S = I o | T[E]e] =%
N4 x z < F c o X 17} ol = o o = - g = 3 @
mau (m) da N|al® = ol m|o| & 2/l ool o | El 22| 2|%
clo|lElelEl=slc] elZBlolelglSl=]=2]= s|lw|c]|alo]o
S|los|lols|8|S|cEle|o|ls|Z|B]lC|5]5]| 0o 2o o |515l5]|s
s|lslwe|l2|s5|lo|lclelvs|ls]|lolel®]| 88| ol e|2]&lLle
NgQ oOlr|o|l<|L|o|lu|¥|alEfo|¥|5|ZS|[=E|o||x|=s|le|l=|=
| 1] DT-03|1645-1650 [Wackestone | 0.7 8.7]2.7/1.0{0.3]19.0 Vét|56.3 53(13|07]03 3.7| vét
| 2] DT-04|1685-1690 [Wackestone | 1.0 2.3]5.3[0.7 17.3| 3.7 2.0 57.3 6.7] 2.0 | vét 1.7 vét
| 3] >< DT-061770-1775 |Wackestone 10.3| 3.3 vét|73.3] 20| 57| 47| vét 0.7
| 4] : DT-07[1780-1785 |Wackestone | Vét 6.0(3.0 155 51.3/ 6.3 7.0] 9.3 ] 0.3 | vét 1.3
| 5 3 DT-08[1965-1970 |Packstone [ Vét 3.7 9.7|5.7]34.3 323/ 1.3]9.0] 03|27 1.0
| 6] § DT-09]2025-2030 [Wackestone | 3.0 9.7 1.3 10.0 5.0 25.0|29.3| 57| 87| 1.3 0.7 0.3
| 7| DT-092080-2085 |Wackestone | 2.3 20|17 10.3| 1.0 [29.3 22.7(14.3| 5.0 [ 77| 0.7 | 3.0
8 DT-10|2100-2105 [Wackestone | 4.0 0.7]3.0]|23 15.0 4.7 0.3/40.3|10.0| 83| 9.3 | 1.0 0.7 0.4

Thanh phin manh vun: bao gom cdc manh vun c¢é nguén géc luc nguyén (chu yéu la thach
anh), cdc khung xwong sinh vt (skeletal), cic thanh phdn manh vun khong phai khung xwong sinh
vat (manh intraclasts, peloids...). Lwgng cdc khung xwong sinh vat thay d6i tir 8.7% dén 55.7%, v&i
sw da dang vé kich thwéc cling nhw giéng loai. Trong d6 thudng gip hon ca 1a tio d, trung 16, san
hé, cdc mau déu chira nhiéu héa da (tir 8.7% dén 55.7%, TB: 20-35%) gdém: Red algae (Alg),Forams
(Fo), Coral va nhiéu dang khong xac dinh khac (hinh 3 va 4). Mirc d6 bdo ton sinh vit tir trung binh
t&i kém do hau hét cdc budng va vach ngan ctia sinh vat da bi 1ap day hodc thay thé & mirc d6 khac
nhau b&i tip hop micrite calcite hodc tip hop cac tinh thé calcite, dolomite thi sinh. Cac thanh
phan manh vun khong phdi khung xwong sinh vat chi gdp trong mot s6 mau phéan tich bao gdbm cac
ménh vun hinh cdu hodc ban tron peloids va nhirng ménh intraclasts. Nguén géc ctia nhirng manh
intraclast 12 do tic déng pha hidy cta séng t&i lop trAm tich cacbonat nam & day bé vira méi traim
tich chwa dwoc gin két chiac chdn thanh cdc manh nhé va nhitng manh nay dwoc séng dwa 1én tai
tram tich lai trong c4c 1¢p trdm tich cacbonat ndm & phia trén. Sw ¢6 mat cua cdc manh vun
intraclast va peloid 1a minh chirng cho méi triwrong tram tich bién c6 nang lwgng séng rat cao. Manh
vun nguon goc luc nguyén cé thanh phan chi yéu la thach anh thwong gap véi ti 1€ thap (<1-3 %),
ngoai trir mau & do siu 2460-2465m (giéng 123-TH-1X) c¢6 ham lwong cao (13.7%). Diéu nay
chirng t6 d6i luc cac dong vat liéu dwoc dwa dén tir luc dia cling &nh hwdng dang ké téi qua trinh
hinh thanh cacbonat & khi vic nay.
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Cdc mdu déu chira nhiéu héa dd (ttr 8.7% dén 55.7%, TB: 20-35%) gdm: Red algae (Alg),Forams
(Fo), Coral va nhiéu dang khéng xdc dinh khdc

Hinh 3. Thanh phdn mdnh vun mdu dd Hinh 4. Thanh phdn mdnh vun mdu dd
Wackstone giéng khoan 124-CMT-1X, 1685- Packstone, giéng khoan 123-TH-1X, 2310-
1690m 2315m.

Thanh phin xwong da (matrix): Ty phin xwong da c6 ham lwong rit cao trong da
wackstone: 45-75% trong khi ty phin xwong da trong da packstone nhé hon 40%. Xwong da véi
thanh phan chu yéu 1a micrite calcite, bén canh dé con mét lwgng nho 1a micrite dolomite.

Thanh phan xi mang: Xi mang chiém ham lwong tir 5-22% cha yéu gébm calcite va
dolomite, rat it khodng vit quang. Ham lwgng xi mang c6 xu thé ting dan theo do sdu. C6 thé quan
sat thiy xi mang calcite va dolomite phén 1én 1a cdc tinh thé nhé 0.02-0.15 mm, phén bé rdi rac
trén nén tap hop micrite calcite, 14p ddy vao buéng va cac vach ngan ctia cic khung xwong sinh vt
va tip hop thanh cidc ddm riéng biét c6 kich thwéc tir 0.5 mm dén 16n hon 3 mm (hinh 5 va 6). Do
vay xi mang cling 1a mot yéu t6 lam gidm do rong d4 chira cacbonat.

Thong tin tir mau cho thdy hau hét cic mau phéan tich déu thudc da cacbonat dang thém,
dwgc hinh thanh trong diéu kién bién nhiét d&éi nim khd xa bo, trong d6 ning lwgng song thay déi
tir thidp dén kha cao. Do6i khi chiu tdc dong ddng ké ciia ngudn cung cip vat liéu dwa dén tir luc dia.

blomite

Hinh 5. Xi mdng dolomit (Do) & calcite (Ca) thay Hinh 6. Xi mdng dolomite thay thé mot

thé mét phdn matrix calcite (mic) mau dd phdn matrix calcite (mic), mdu dd
Wackstone giéng khoan 124-CMT-1X, 2450-2455 m. Wackstone giéng khoan 124-CMT-1X, 2335-
2340m.

Két qua phén tich X-Ray chi ra da cacbonat tai hai giéng thudc khu virc nghién ctru c6 thanh
phan chu yéu 1a cancit va ham lwong dolomit nhd. Hau hét cAc mAu d4 voi phan tich tai hai giéng
123-TH-1X, 124-CMT-1X bi bién ddi thi sinh & mrc d6 thap, dwoc dic trung bdi su tdi két tinh yéu
cta céac vi hat canxit. Ty 1é canxit th&t sinh m&i dwoc hinh thanh khéng cao, da phin nhé hon 10%.
Qua trinh dolomite héa thay thé canxit ciing chi m&i bit diu xay ra va chi tao ra mét lwong it
khodng vat thit sinh. Nhitng miu c6 ham lwong cao dolomite 1a do chira mot lwong 16n dolomite
nguyén sinh (micrite dolomite) hodc do chira mét lwong 1én manh vun intraclast tai tram tich ma
hién nay cdc manh vun nay da bi dolomite h6a gan nhw hoan toan (Hinh 7, 8).
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Hinh 7. Intraclats bi dolomit héa Hinh 8. Calcite micrite bi dolomit héa (Do)
manh, mdu Packstone giéng khoan mét phdn, mdu Wackstone giéng khoan 123-
123-CMT-1X, 1965-1970m TH-1X, 2375-2380m

Y

Cac mau phan tich 1a cdc mAu vun nén cac hién twong bién ddi do nirt né va cac hién twong
hoa tan khodng vat cacbonat nhin chung kh6 quan sat dwgc mot cach chinh xac va diy da. Do vay,
viéc luan gidi cin tiép tuc d6i sdnh véi cdc nghién ctru mau khéc trong cac giéng thudc khu virc 1an
can. Trong 20 mau nghién cru ndy quan sat dwoc dd rong giita hat nguyén sinh, hang h6c nhé
(micro-vug) chiém ti phan rat nhé, vi d6 rong nirt né hau nhw khong thay hodc 1a vét. Yéu t6 chinh
quyét dinh chit lwgng chira cia d4 cacbonat la qua trinh bién déi thir sinh. Qua trinh bién déi thir
sinh tao ra cdc d6 rong nhu hang héc, nirt né ... trong dé cac loai d6 rong nay gan nhuw khong quan
sat duoc trén cac hinh dnh phan tich mau da phan tich do cdc mau 1a mAu vun. Néu 1a mau thach
hoc duoc phan tich tir mau 16i, mau swon thi két qua sé chinh xac hon va phan 4nh duoc hét cac
yéu t6 bién ddi th sinh. Vi viy viéc danh gid bién déi thi sinh cia khu vwe nghién cru sé tham
khdo thong tin tir két qua phan tich mau 16i tai cac giéng 14n can thudc khu viee Nam bé Song Hong.

Cac phan tich mau thach hoc tai cac giéng khoan khu virc Nam bé Séng Hong dworc thuc
hién hiu hét trén mau 16i. Cac nghién ctru vé bién ddi thir sinh trong da chira cacbonat khu virc nay
dwa trén: két qud phin tich l&t modng thach hoc, phin tich SEM, XRay, phén tich
CL(cathodoluminesce microscopy), phan tich dong vi phdng xa bén (stable isotopic analysis), phan
tich bao thé nwéc FI (fluid inclusion analysis). Dwa trén cac nghién ctru d6 c6 thé thiy dworc dic
diém bién d6i thir sinh trong da cacbonat khu viwrc nghién ctru va 14n cin nhw sau:

- Qua trinh xi mang:

Xi mang vira la yéu t6 giup qua trinh bdo tdn d6 rong nguyén sinh giita hat nhwng cling vira
12 y&u t6 1am gidm do rong - thAm cia da chira. Theo két qua phan tich 14t méng thach hoc, c6 thé
quan sat thdy 2 pha chinh cta xi ming canxit trén mau thach hoc 1at méng (Horbury, 1992). Pha
dau tién 1a xi ming canxit isopachous (1&p xi mang cé chiéu day nhw nhau bao quanh hat -
isopachous calcite cement) thong thwdng <20pm va pha thi hai la calciteferroan cement (hinh
4.3a). Bén canh d6 c6 nhiéu pyrit trong cac mau thach hoc 1at méng, théng thudng ching cé lién
hé véi calciteferroan cement (Hinh 9 a, b). Hai pha két tia cua xi mang canxit dwoc thay ro trong
mau lat mong tai d6 sdu 1600.43m giéng 118-CVX-3X tai Hinh 10.

N i . > DT L. ' . < s o . amme

s

a. Xi mdng canxit Ferroan ldp nhét vao buéng  b. Pd cacbonat mudstone, xi mdng canxit gidu
ctia héa thach tring 16, pyrit mau den sdt va glauconit

Hinh 9. Xi mdng canxit trong dd cacbonat mudstone, 1568m, 118-CVX-1X.
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nh cta calcite meteoric cement, 118-CVX-3X, 1600.43m. (Trong dé:
lisopachous, B: Blocky (ferroan)

Hinh 10. Hai pha hinh th

Q-

- Qua trinh hoa tan

Tai hai giéng khoan 118-CVX-1X va 119-CH-1X, & giai doan mudn cta qud trinh bién déi
thir sinh, qua trinh hoa tan 13 yéu t6 chinh tao ra 16 rong (vug) va d6 rong mouldic, trong d6 qud
trinh hoa tan xay ra mudn hon qua trinh hinh thanh meteoric cement (Horbury, 1992). Qua trinh
hoa tan meteoric cement tao ra khong gian chira cho da carbonate.

Qua trinh hoa tan thwong xdy ra nhat véi cac vun sinh héa nhw méanh vun san hg, sinh vat
ddy trung 16, tdo do ...Hién twong nay c6 thé thiy ré trong cdc mau phan tich thach hoc lat mong.
Hinh 11 cho th4y qua trinh hoa tan cac khodng vat tao ra d6 réng cho d4 chira cacbonat.

- :
oy Y & PR ~ ’
=3 O * i 3

Microporous grain

a.Sw hoa tan tring 16 Amphistegina; b: sw hoa tan san hé tao dé réng moldic; c: sw hoa
tan mét phdn ctia trung 16 tao cdu triic vi dé réng; d: non- fabric selective dissolution dwéi ranh
gidi ctia hé ting Serra 1. a) 118-CVX-2XST1, 1575.03XPL. b 118-CVX-3X, 1538.57 PPL.c) 118-
CVX-2XST1, 1545.SEM d) 118-CVX-3X, 1605.00 PPL.

Hinh 11. Sw hoa tan trong dd cacbonat, giéng khoan 118-CVX-2XST1, CVX-3X.

41



Qua trinh hoa tan giai doan mudn c6 thé quan sat duwgc & cdc mau c6 stylolites trong
cac giéng C4 Voi Xanh. Theo d6 co ché hoa tan nhw sau: stylolites 1a dwong dan dé nuwéc ngdm
qua, xuyén vao cac khdi da cacbonat sau khi tram tich hinh 12 Qua4 trinh hoa tan din dén di
thwong d6 thAm tai cac khoi da cacbonat chit xit, tuy nhién khé c6 thé dinh lwgng dwoc né lam
tang bao nhiéu phan trdm d6 réng, d6 tham.

a: 118-CVX-2XST1, 1551.25m,
Hinh 12. Qud trinh hoa tan lién quan tdi stylolites.

Cac mau thach hoc dwoc nghién ctru khong cé d4u hiéu truc tiép chi ro hién twgng cac-to,
tuy nhién sy c6 mat ctia meteoric cement la minh chirng cho viéc c6 thé cé hién twong cic-to xay
ra tai day.

- Qua trinh dolomit héa

Quaé trinh dolomit héa dwdong nhw xdy ra sau qua trinh két tlia xi ming meteoric va trudc
qua trinh chén vui. K&t qua phén tich SEM, va CL chi ra ham lwong thap Fe va Mn, bén canh d6 phin
tich XRAY cho thay d4 cacbonat giau canxi. Khi dolomit héa, né thay thé tdo d6, thanh phan bun
trong cacbonat bun va xi mang cacbonat lién ké c6 xu thé chiu &nh hwéng it nhat (Hinh 13).

TR L 3 T

COMPO  15.0kV X550 10z WD 15.2mm

a: mdu tdo dé wackstone, dolomit (dém trdng) thay thé bun va tdo dé, mét crinoid bi xi
mdng héa nhung van khéng bi dolomit héa (miii tén dé). Cé thé thdy rdt nhiéu cdc 16 réng giira cdc
tinh thé khong bi ldp nhét béi xi mdng, cho thdy qud trinh dolomit héa sau qud trinh xi-mdng hda,
118-CVX-3X, 1562.91b: Mdu SEM ctia dd tdo dé wackstone, dolomit thay thé bin (M) giita hat va
hat rdo dé (R), 118-CVX-2XST1, 1611.04
Hinh 13. Qud trinh dolomit héa.

Do rong gitra cac tinh thé duoc hinh thanh khi dolomit héa khéng bi 14p nhét béi xi miang,
diéu nay khing dinh dolomit héa xay ra sau qua trinh két tiia meteoric cement. Thém vao dé, quan
sat m6i quan hé gitra dolomit, xi mdng meteoric (isopachous canxit va blocky canxit) cé thé quan
sat thay trong hinh 14, ranh giéi ti€p xic gitra meteoric cement va dolomit (miii tén mau dd) chi
ra dolomit xuyén cat tinh thé xi mang. Chirng t6 dolomit hoa xay ra sau khi két ta xi mang (118-
CVX-2XST1, 1611.04). Nhirng tinh thé dolomit nay gidu canxit, nghéo sit va két tinh dang tinh thé
la nhitng d4u hiéu dién hinh ctia dolomit bién s¢m. Do viy dolomit cé thé dwoc hinh thanh & moi
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trueong bién sau khi cacbonat thém 19 ra trong qud trinh hodc sau qua trinh tdi ngap lut cia thém,
rat c6 thé 1a khodng 10.5 ma truéc day.
Nhuw vay, quéa trinh dolomit héa xay ra sau khi xi mang két tia va 1am ting dang ké d6 rong
cling nhw d6 thim cda da cacbonat bun.
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Hinh 14. Méi quan hé gitra dolomit va xi mdng canxit.
5. Kétluan

bPa cacbonat & cac giéng khoan 123-CMT-1X & 124-TH-1X thudc da cacbonat dang thém,
hinh thanh trong diéu kién bién nhiét d&i ndm kha xa bo, & viing ¢6 ning lwong séng thay déi tir
thip dén kha cao. C6 thoi ky bé tram tich Phi Khanh chiu tdc dong dang ké ciia ngudn cung cap vat
liéu nguén goc luc dia.

K&t qua phan tich mAu tai c4c giéng khoan khu vic nghién ctru va 1an cin cho thiy qud trinh
bién ddi thir sinh danh hwdng dén chit lwong da chira cacbonat. Trong d6, qua trinh bién d6i thir
sinh gbm ba qua trinh chinh la xi mang héa, hoa tan va dolomit héa

Bién déi thir sinh: t4i két tinh va dolomite héa, hoa tan xay ra yéu. Tuy nhién do mau phan
tich 1a mAu vun nén chwa phan 4nh ding ban chit d4 chira. Can tiép tuc nghién ctru khi c6 mau 16i
trong khu vyc bé Phit Khanh dé c6 nhirng danh gia chinh xac hon.
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ABSTRACT

Characteristics of the diagenesis process of Carbonate
rocks, Phu Khanh basin

Nguyen Thi Minh Hong"
Faculty of Petroleum and Energy, Hanoi University of Mining and Geology, Vietnam

In Vietnam, the exploration and exploitation of petroleum in onshore basins have so far focused on
three main geological formations: Oligocene, Miocene, and pre-Kainozoic basement rocks. Carbonate
rocks are also a significant petroleum potential in the Nam Con Son Basin, Tu Chinh - Vung May
Basin, Song Hong Basin, and Phu Khanh Basin. Carbonate reservoirs have become a subject of great
interest and research evaluation for many companies. In the Phu Khanh Basin, carbonate rocks are
considered one of the highly promising subjects worth attention. However, due to limitations in
seismic, geological, and well-logging data, as well as core samples, there has not been meticulous and
detailed research on the characteristics, quality, and permeability properties of carbonate rocks in
the Phu Khanh Basin. This paper is to discuss in more detail processes including: compression,
fracturing, cementation, calcitization, dolomitization, pyritization, quartzization, dissolution, and
recrystallization to elucidate reservoir properties (porosity and permeability). The analysis of these
carbonate’s diagenesis processes is based on thin section petrographic analysis, SEM analysis within
the research area.

Keywords: Cachonate, Diagenesis, Dolomitization.
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Nghién ciru ha ting va hé thong thiét bi ciia cac mé
diu khi & Viét Nam nham phuc vu cho két néi cac mo
can bién
Nguyén Van Thinh*, Nguyén Thanh Tuin, Nguyén Thi Hai Yén, Lé Vin Nam
Khoa Ddu khi va Niang lwong, Trwong Pai hoc M6 - Dia chdt (HUMG), Viét Nam

Tom tat

Thém luc dia Viét Nam c6 cdc bé trdm tich dd dwoc xdc minh tri lwong ddu khi nhw: bé Séng Hong,
Phii Khdnh, Nam Cén Son, Cttu Long va Md Lay-Thé Chu. Ngoai nhitng mé dd dwa vao phdt trién
khai thdac nhw mé Sw T Vang, Sw T Den, Té Gidc Trdng, Hdi Thach - Moc Tinh, Lan Tdy/Lan Dé...
tai cdc b€ trong thém luc dia Viét Nam vadn con nhiéu cdu tao tiém ndng chwa dwoc phdt trién. Theo
ddnh gid so bd, cdc cdu tao nay cé tri lwong tai ché va thu hoi twong déi thdp do dé, dé khai thdc
nhitng cdu tao nay cdn phdi xdy dwng chién lwoc, chinh sdch va phwong dn phdt trién phit hop véi
ttrng cdu tao nhdm mang lai hiéu qud kinh té Thuc té cho thdy, hién tai co s& ha tdng cia cdc mé
ddu khi dang khai thdc & cdc b€ tram tich nhw bé Ciru Long, bé Nam Cén Son twong déi tét. Phdn
lén cdc mé nay hién da qua giai doan khai thdc dinh cao, tuy nhién nhiéu hé théng thiét bi khai
thdc, xtr ly, lwu tri va van chuyén da dwoc xdy dung dé khai thdc cia cdc mé nay van con hoat
ddng tét. Vi vdy viéc nghién ciru khd ndng tdn dung cdc hé théng thiét bi, co sé ha tdng ctia cdc mé
hién hitu nay dé phuc vu cho viéc khai thdc cdc cdu tao tiém ndng dwoc xem la mét trong nhirng
vdn dé cdn thiét, c6 tinh khd thi va hiéu qud. Bai bdo trinh bay cdc két qud nghién ctru vé ha tdng va
hé théng thiét bi hién hivu ctia mét s6 mé & Viét Nam. Két qud nghién ciru sé la tién dé dwa cdc cdu
tao tiém ndng, cdc mé cdn bién trong twong lai vao khai thdc, gép phdn ndng cao hiéu qud vdn
hanh va tinh kinh té ctia cdc mé nay.

Keywords: Mé cdn bién, Thu gom vdn chuyén, Két néi mé.

1. Thyc trang ha tang thiét bi ki thuit ciia cic mo6 dau khi hién nay & Viét Nam

Nén cdng nghiép khai thac dau khi Viét Nam bat diu tir nhitrng ndm 80, trai qua hon 30
nam xiy dwng va phat trién, chiing ta da c6 mot hé théng co s& ha ting khai thac dau khi twong
déi da dang va hién dai tlr trong dat lién t&i ngoai khoi. Tuy nhién cac trung tim khai thac dau
khi 16n cia cd nwoc lai chi tap trung & khu vuc phia Nam, tai mién Bac hién chi c6 duy nhat xi
nghiép khai thac khi tai Tién Hai - Thai Binh, mién Trung vin chwa c6 c& s& khai thac dau khi
duwoec trién khai xay dung. Thuc té cho thiy, hoat dong khai thac diu khi ctia Viét Nam chu yéu
dién ra tai khu vuc thém luc dia phia Nam, tip trung & cac bé trim tich 1én nhu: bé Ctru Long, bé
Nam Con Son. O cac bé con lai thi hoat déng diu khi méi dang & giai doan tim kiém thiam do va
c6 mot s6 ciu tao dang dwoc 1én phwong dn dé chuin bi dwa vao phat trién.

1.1. B Nam Cén Son

B& Nam Coén Son (NCS) c6 dién tich x4p xi khoang 160.000 km2, ndm doc thém luc dia
Dong Nam Viét Nam c6 ranh gié¢i phia Bac 1a déi nAng Con Son, phia TAy va Nam 1a déi nang
Khorat - Natuna, con phia Pong 1a bé Tw Chinh - Viing My va phia Dong Bic 1a bé Phd Khanh. Do
siu nuwde bién trong pham vi clia bé thay doi rat 16m, tir vai chuc mét & phia Tay dén trén 1000m
& phia Péng v&i tiem nang da phat hién cha yéu 1a cdic moé dau va khi, condensate clng véi cac
mo da dwa vao khai thac bao gbm: Chim Sdo/Dira, Rong D6i/Rong Doi Tay, Lan Tdy/Lan Do, Hai
Thach - M6c Tinbh,...

* Ha tdng hé thong thiét bi tai mé Rong Poi/Réng Déi Tdy

Hién nay, m6 Rong Doi/Rong Do6i Tay (RD/RDPT) dang khai thac & 16 11-2, thiét bi khai
thac ngoai khoi gian Rong Doi bao gom gian dau giéng déong bo khoan (WHd) két ndi véi gian xtr

* Tdc gid lién hé
E-mail: nguyenvanthinh@humg.edu.vn
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ly, thiét bi phu tro, nén va nha & (PUQC) qua mdt ciu dan dai 80m, mot dwong 6ng xuit
condensate té&i tau chira FSO va mot dwong 6ng xuit khi téi dwong 6ng Nam Cén Son 1 (NCS-1)
(Hinh 1).

Khi khai thac tir gian WHd dwgc van chuyén téi gian PUQC dé xtr 1y va sau dé condensate
1an khi kho sé& dwoc van chuyén ngwoc lai téi Riser cta gian WHd. Condensate tir riser gian WHd
sé dwoc van chuyén tdi tau chira dau FSO dé€ cit chiva va xuit ban truc tiép tai mo; khi kho sé
dwoc xult téi dwong 6ng NCS-1. Thiét bi gian RD/RDT c6 chirc nang chinh nhw 1a 1 diém két dau
noi xuat khi cho khu vic phia TAy b€ Nam Cén Son.

NAM CON SON
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Hinh 1. Sor d6 hé théng thiét bi vdn chuyén sdp phdm tai mé RD/RPT.
* Ha tdng hé thong thiét bi tai mé Chim Sdo
Hién nay, mé dang khai thac & L6 12W la mé Chim Sao va mo Dira, thiét bi hién tai gobm 1
gian dau giéng Chim Sdo WHP; thiét bi xtt Iy chinh cho cum mé la tau FPSO Lewek Emas. San
pham khai thac tlr gian dau giéng Chim Sdo va hé théng khai thic ngdm mo Dira sé dwgc dwa vé
xtr Iy tai tau FPSO Lewek Emas, sau d6 dwgc cat chiva va xuat ban truec tiép tai khu viee mé (Hinh 2).

wet 1sulation
Chim Sao FPSO

Cluster Wells

-3

\ Dua Manifold +

Umbilical

Chim Sao WHP 4

T

10" Round Trip
Pigging line (out)

4" Gas Lift line

Hinh 2. Sor d6 hé théng thiét bi vdn chuyén sdp phdm tai mé Chim Sdo.
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* Hé théng thu gom khi bé Nam Cén Son

Do6i véi bé Nam Con Son, do san lwong khai thac cling nhw trit lwong thu hoi cia cadc mo
déu twong ddi nho nén kha nang phat trién doc 14p 1a khong kha thi va khong mang lai hiéu qua
kinh té. Phwong an dé xuit phat trién mo la phat trién dong thoi cac ciu tao két néi, tin dung co
s& ha ting thiét bi xt Iy hién hitru & cac khu vwec/moé 14n cén, dic biét la moé RD/RDT dé x ly va
xudt ban nham tdi wu hod chi phi dau tw va chi phi van hanh. Hon nita, theo danh gi4 cong suit
van chuyén cta duwdong 6ng Nam Con Son 1 dwa theo s6 liéu khai thac cia cdc mé khi hién hiru va
cac nguon khi tiém ndng trong bé Nam Cén Son cho thiy, dwdng 6ng NCS-1 chi c6 thé van chuyén
dworc cadc nguon khi tiém nang khi sdn lwgng khai thac khi cia cdc mé hién hiru suy giam (Hinh 3).

8.00

B C4 Réng Do

T00 T4 =409 90—
HTMT

= Chim Sdo + Dira

5009 — — — — — — R ongDaiRéng Béi Tay
400 4 B [ an Do
B [ an Tay

#— Céngsuat thist ké dwimg dng NCS1
(t§ m3/nim)

—#—Cding sudtkhi dung dwimg Gng
10+ utff et e — — NCS1 (ty m3/nam)

— Tc:Jng san lromg khi van chu}'én
duomg ong NCE1 (ty m3/nam)

2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032

Hinh 3. Pdnh gid céng sudt van chuyén dwdong ng Nam Cén Son 1.
1.2. Bé Ctru Long

Bé& Ctru Long ndm & vi tri c6 toa dd dia ly trong khoang 9200’ - 11200’ vi d6 Bac va 106°30’
-109°00’ kinh dd Pong, c6 dién tich khoang 36.000 km?, ndm cht yéu trén thém luc dia phia nam
Viét Nam va mot phan dat lién thudc khu vuc clra song Clru Long (Vi Minh Dic, 2015). Bé Clru
Long bao gbm cac tiém nang da phat hién chid yéu la cac mé diu va khi, condensate cung vé&i cac
mo da dwoc vao khai thac bao gom: Bach H6/Rong, Sw Tk Vang/Sw Tt Pen, Sw T Niu, Sw Tk
Trang, Té Giac Trang, Thang Long/Pong D6, Hai Sw Trang/Hai Su Pen....

* Ha tdng hé théng thiét bi hién hivu 16 15.1

Hién nay, cAc mé dang khai thac & Lo 15.1 gobm mé Sw T Pen, Sw Tir Vang, Sw T Tring
va Sw Tt Nau. Thiét bi hién tai gom 6 gian dau giéng SD-SW, SD-NE, SV-NE, SV-SW, STT, STN-
Nam (SN-S) va STN-Bac (SN-N); 2 cum thiét bi xtt Iy chinh cho toan mé 1a tau FPSO Thai Binh
Viét Nam (FPSO-TBVN) va gian céng nghé trung tdm STV-CPP. San phdm khai thac tir cic gian
dau giéng va gian STV-CPP dwoc dwa vé xi ly tai STV-CPP va tau FPSO-TBVN, sau dé dwoc cat
chi¥a tai tau FPSO va xuit ban.

* Ha tdng hé théng thiét bi hién hivu 16 15.2

Hién nay, 16 15.2 dang khai théc tai hai mé 1a Rang Dong va Phwong Pong. Hé thong thiét
bi khai thac ctia 16 15.2 gom cac gian diu giéng N1, E1/E1A, S1, C1, PD, cum gian x ly trung tim
CPC va 01 tau chira FSO MV-17 (Hinh 4). San phdm khai thac tlr cac gian diu giéng dwoc dwa vé
xt 1y tai cum xt Iy CPC, sau dé dwoc cit chira tai tau FSO MV-17 va xuit ban.

47



WHP-PD ,
Phuong Dong Field %
FSO MV17
i’a‘ Rang Dong Field
\\\(‘
Export. Gas to .
Bach H
< P3G WHP-E1/E1A

LEGEND:

WF : Well Fluds

L :Produced Laquid
: G :Gas

- GL -Gas Lift

St W1 : Water Injection
s FG : Fuel Gas
P13-GL CO : Export Crude O3l

Hinh 4. So' d6 hé théng thiét bi cum mé thudc Lé 15.2 - [VPC

* M6 Cd Ngtr Vang (CNV)

M6 Ca Ngtr Vang (CNV) trong L6 09.2 thudc phan trung tdm vung triing Pé6ng Nam cua bé
Ctru Long. Hé théng khai thic md CNV bao gom 01 gian dau giéng va hé théng cac duwong dng két
ndi tir moé t&i hé thong khai thac mé Bach H8. Dong san phdm khai théc tir cac giéng mo CNV
dugc van chuyén qua dwong 6ng dan san phim nhiéu pha bang ning lwgng tw nhién tai gian
WHP-CNV dén gian CPP-3 dé tach khi va xtr Iy dau. Sdn pham sau khi xt ly trén gian CPP-3 dwoc
bom chuyén dén tau chira ndi (FSO) VSP-01. Lwong khi da tach tir sin phdm CNV gop 14n vao véi
khi khai thac tir m6 Bach HG, vAn chuyén téi gian nén khi trung tAm CCP dé xt ly ti€p va chuyén
vé tram xt ly khi Dinh Cé (Hinh 5).

Thweng ting:

- May do déng da pha

- Cym phan doéng khai thac/ bom ép

- Van ngét va bd phang thoi cho dwéng dng dan san pham giéng
- Khu vire dwr phong

- Didu khién, théng tin lién lac va thiét bi dién

- Céu

- Hé théng bom hoa pham Tau dau
- Hé théng didu khién bang thiy luc

- Phang digu khién khdng nguoi — digu khién tir xa tir CPP-3

CNV-WHP

Tau chira
ﬁ. FSO VSP-01

Gian nén khi TT
mé Bach H6

Chan dé
- Chan dé 4 coc Gian CNTT-3

-915 giéng - B
- Ong dirng 1x10" cho duéng ong khai thac mé Bach HO

- Ong dirng 1x10" cho duéng 6ng bom ép

Hinh 5. So 6 vdn chuyén sdn phdm tai mé CNV
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* M6 Hdi Sw Den va Hdi Sw Trdng (HSP&HST)

Mo Hai Sw Den (HSD) va mé Hai Sw Trang (HST) cach nhau khoang 9 km trong dién tich
16 15-2/01. Thiét bi khai thac trén mo HST/HSD dwoc thiét ké gom 02 gian dau giéng va hé thong
dwong 6ng ndi mo. Cac gian dau giéng HST va HSD dworc thiét ké khong ngudi ¢. Toan bd san
pham tir gian dau giéng tai mé Hai Sw Pen dugc dwa vé gian Hai Sw Trang thong qua dwong 6ng
ngam. Tai gian Hai Sw Trang, dau va khi dwoc van chuyén t&i gian WHP-H1. Tai gian WHP-H1,
dong san pham tir mé HST va HSD dwgc hoa chung véi dong san phdm tir gian TGT-H1 ciing nhw
H4& H5 va dugc van chuyén dén tau FPSO Armada dé xtr ly, tang trir va xuit ban. Khi mét phan
st dung cho nhu ciu ndi mé, phan con lai dwoc xuit vé tram nén mo Bach Ho. T tau FPSO, khi
nang st dung cho giéng khai thac va nwéc bom ép dwoc xt Iy va cung cdp dén 2 gian HST va HSD
qua TGT-H1 va hé thong dwong 6ng (Hinh 6).

————— Déu khai thac da pha
~—————Khi nang

— Nuwécc hom ép

Khi xuat

HSD

BACH HO

Hinh 6. Sor db co sé ha ting mé HST/HSD két ndi téi TGT-H1

* M6 Nam Rong-Do6i Moi (NR-DM)

M6 Nam Réng va mé P6i Moi (NR-DM) sat ranh gi¢i cac 16 09-1. Cum mé Nam Rong - Doi
Mo6i gobm 02 gian dau giéng RC-4 va RC-DM dwoc két ndi véi gian RC-5 trong hé thong khai thac
cia mo6 Réng thudc nha diéu hanh VSP va dong san phdm dwoc chuyén dén gian RP-1 dé xt ly so
bd va sau dé chuyén dén tau FSO-3 dé tach nwdrc, chira va xuit ban.

S&n phadm khai thac dw¢i dang hon hop dau khi, tir RC-DM va RC-4 dugc tach so bd sau
d6 van chuyén dén thiét bi tach trén gian RP-1 theo dwong 6ng boc vat liéu bao 6n téi RP-1 dé xir
ly tAch nwéec, khi. Sau do tir RP-1, dau da dwoc loai bo khi, nwéc dwoc van chuyén dén FSO-3. Khi
khai thac dwoc van chuyén vé gian bom ép khi DCP theo tuyén 6ng thu gom khi thdp ap dan téi
RP-3. Khi ning (gaslift) va nwéc bom ép dwoc cung cip bdi hé thdng dwong 6ng riéng biét tir RP-
3 d€ cung cip cho cac giéng & mo NR-DM. So @6 hé thong thiét bi khai thac cia m6 NR-DM dwgc
biéu hién & Hinh 7. Sdn pham giéng tir RC-DM, RC-04 dwgc thu gom va chuyén téi xi ly tai gian
RP-1 sau d6 bom qua FSO-3 bang hé thdng dwong 6ng ngdm boc cach nhiét dit dwéi day bién.
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1.3. Bé Song Hong

BE& Song Hong c6 hinh dang 12 mot dai dai kéo tir Vinh Bic B tdi viing bién Bac Trung B9,
nam doc theo ven bién c4c tinh tir Quang Ninh t&i Quang Ngii va bao gdm ca Mién Vong Ha Noi.
Nén cong nghiép dau khi khu virc mién Bac mac du xuit hién sém nhit ca nwéc, nhung quy md
va pham vi hoat dong khong rong, chti yéu tap trung trén b & khu vwec Thai Binh. Co sé ha ting
dAu khi hién hiru tai cac tinh doc theo chiéu dai cia BE Séng Hong dwgc liét ké nhuw sau:

- Viing Tdy Bdc Bé S6ng Hong: c6 nha may x ly khi tai Tién Hai - Thai Binh xtr ly khi khai
thac tir mo Tién Hai, D14 va Pong Quan D nam trén d4t lién; trong twong lai sé& phat trién cac mé
khi Thai Binh va mé ddu Ham Rong thudc L6 102&106

- Ving phia Nam Bé Séng Hong: tai Quang Ngai hién c6 nha may loc héa diu Dung Quét;
trong twong lai tai khu vwe nay sé phat trién dw an dién khi Ca Voi Xanh v&i trung tim xi ly Khi
trén bo két hop véi mot nha may phat dién lién ké. M6 C4 Voi Xanh ndm gan khu vec mé Béo
Vang va cé nguoén khi kha twong dong véi khi cia mo Bao Vang, do dé cé thé xem xét phat trién
két ndi mo Bao Vang véi co s& ha ting cia mo Ca Voi Xanh.

Dboi voi bé Song Hong, cé rat nhiéu khu vuc trién vong dang trong giai doan tim kiém,
tham do va c6 mot sé mo dang dwgc 1én ké hoach phat trién. Do co s& ha ting khai thac dau khi
hién hitu tai khu virc B€ Song Hong khong nhiéu nén viéc phat trién doc 1ap cac ciu tao trong khu
vwrc nén dwoc wu tién xem xét.

1.4. Hé théng thiét bi khai thdc hién tai ctia cdc mé ddu khi & VN

Hé thdng thiét bi khai thiac cia cAic moé dau khi & Viét Nam da phin déu theo mé hinh
truyén thong: st dung gian dau giéng c6 dinh khong nguwdi (unmanned fixed wellhead platform)
d€ khai thac, xt Iy so b6 va thu gom dau khi; sdn phdm sau d6 dwoc ddy theo dwong 6ng ndi mo
vé khu x ly trung tim CPP (Fixed Central Processing Platform) hodc tau FPSO (Floating
Production Storage Offloading) tiép tuc x ly dat yéu ciu diu khi thanh phidm dé lwu trir va xuit
ban.

* Gian ddu giéng cd dinh khéng ngwoi (WHP): Gian dau giéng c¢d dinh khong nguoi -
Unmanned Wellhead Platform (WHP) dwoc st dung phé bién trén cic mo c6 muc nwéc bién
nong nhw bé Clru Long, b€ Nam Con Son. Gian dwoc thiét ké dé van hanh khéng can su can thiép
cla con nguwoi trong diéu kién binh thwong. Qua trinh vin hanh dwoc gidm sat tir gian xtr ly trung
tdm CPP/ FPSO thong qua hé théng truyén tin hiéu bang cap ngdm hoic séng microwave.

Gian dAu giéng c6 dinh khong nguoi dwoc thiét ké téi gian vé dién tich, két cdu cling nhw
thiét bi trén gian. Hé théng thiét bi trén gian co ban bao gdm hé thong thiét bi dau giéng, san bay,
cin ciu tai trong nhe cung hé théng x Iy so bo nhw: Hé thong diéu khién dau giéng (wellhead
control panel); hé théng thu gom dau khi tir cic dau giéng (manifold). C6 thé bao gbm cad hé
théng thu gom, phan phéi gaslift va bom ép nwéc; hé théng binh test separator; hé thong gia
nhiét cho diu; Hé thong phong/nhin thoi (pig); hé théng bom ting ap d€ bom chat lwu vé noi xt
ly; hé théng bom ép héa phadm; hé théng dién va diéu khién; cac thiét bi an toan, phong chdng
chay né khac...

* Gian cong nghé xir ly trung tdm (CPP): Gian cong nghé xtr ly trung tim dwoc thiét ké dé
thu gom, xtr Iy du khi tir cidc dau giéng cla gian va tlr cac gian vé tinh 1an cin. Hé thong x& ly
trén gian dwoc thiét ké dé xtr ly dau khi dat cic yéu cau lwu trir va xuat ban. Thong thwong, dé cit
gitr dau thanh pham, gian dwgc két ndi véi tau chira dau FSO (Floating Storage Offloading) -
dwoc neo diu tai vi tri gan véi gian.

* Kho ndi chira, xudt, xir ly ddu khi (FPSO): Trong truwdng hop st dung FPSO, diu tir cac
gian vé tinh sé dwgc chuyén qua dwong 6ng ndi mé vé FPSO dé xir 1y va cit chiva ngay tai tau. Hé
théng xt Iy cda tau FPSO thwong dwoc dat trén topside ctia tau. Phin Topside ciia FPSO bao gom
hé thong x ly, khu nha &, sin bay... giong véi gian cdng nghé trung tdm. Dau sau khi xt ly dwoc
cat chira ngay tai than tau (hull side). Tai hull side c6 hé thong gia nhiét cho dau dé gitr dau thanh
phdm ludn dat chat lwong, tranh hién twong dong dic dau.

2. Phwong an lwa chon thiét bi két noi

Trén co s& danh gia hién trang cac thiét bi khai thac hién tai ctia cic moé dau khi tai Viét
Nam, viéc lwa chon phwong an thiét bi trong cong tac phat trién cdc mo cin bién can phai dau tw
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nghién ctru chi ti€t hon véi muc tiéu dam bao yéu cau ky thuat, don gian trong van hanh, gidm
thiéu chi phi diu tw dem lai hiéu qua kinh té cho dy an. Xem xét phat trién cc ciu tao tiém nang
dwa trén nguyén tac két néi vé hé thong thiét bi, trung tAm x Iy hién hitu hodc ciling c6 thé phat
trién doc 14p ddi vi cac khu viee ndm tach biét véi hé thdng thiét bi va trung tAm xir Iy hién hiru.

2.1. Phwong dn két néi vé hé thong thiét bi, trung tdm xiv ly hién hivu

Doi véi treong hop két noi, can phai tién hanh danh gia céng suat x 1y dw, tinh trang
hién tai cia hé thong thiét bi, kha nang hoan cai cling nhw xem xét thoi diém két thic hop dong
cla cac Lo hop dong dau khi cé trung tAm x& Iy ma cac ciu tao tiém nang dw kién két n6i vao. Vé
co ban, quy hoach phat trién cac ciu tao tiém nang nady dwgc dwa trén cac tiéu chi co ban nhw
sau:

- Bu tién phat trién cac ciu tao thudc 16 dang khai thac ma hé théng thiét bi xir ly san c6
va du céng suat dw cling nhw kha thi trong viéc két néi;

- Khoang cach tir cdu tao dén hé thong thiét bi, trung tAm xtr Iy hién hitru ma ciu tao dw
kién két n6i vao. Thong thuwong, khodng cach nay gi¢i han trong pham vi 30 km.

2.2. Phwong dn phdt trién cdc khu vwee déc lap

D6i véi cac khu viee doc 1ap, do khong bi phu thudc vao céng suit cling nhw thiét ké ctia cac
hé théng thiét bi, trung tdm x& 1y hién htru, vi vy ngoai cic tiéu chi giong & phan phat trién két
ndi da dworc trinh bay & trén thi con mot s6 diém can lwu y nhw sau:

- Can thic day ddy nhanh ké hoach tham do thidm lwong ctia cac ciu tao nay dé dwa vao
phét trién sém. D6i véi cac khu v du kién phét trién déc 1ap, dé xuit thwe hién cac nghién ctru
danh gia cho phan khi thu hdi nham tiét kiém chi phi dwong 6ng két néi va tranh sw phu thudc
viéc xt 1y khi tai cac trung tAm xt Iy hodc hé thong dwong 6ng hién hiry;

- Thoi diém dwa cac ciu tao vao phat trién can danh gia tinh trang suy gidm san lwong
clia cac ciu tao dé€ tir d6 c6 k& hoach dwa cac ciu tao vao khai thac & cac thoi diém hop Iy nham
duy tri san lwgng dinh cta toan Lo.

3. Kétluin

Viéc dwa cac ciu tao tiém ndng, cdic mo6 nho, mé cin bién vao khai thiac doi hoi phai c6 giai
phép t6i wu cho vin dé thu gom va xir Iy sdn phadm. Tir thuc té vé hién trang ha ting ctia hé théng
thiét bi trén cac gian khai thac cia mot s6 mé & Viét Nam cho thdy dang cé sw dw thira vé cong
suat xtr 1y, do cdc mo nay hién da trai qua giai doan khai thac dinh cao. Chinh vi vay, giai phap tin
dung loi thé sdn c6 vé hé thong thiét bi va ha tAng kj thuat cia cdc mé nay dé phuc vu cho viéc
phat trién khai thac cAc mé nho, mo cin bién 1a rit cin thiét. Trén co s& dé cin phat trién va dua
vao khai thac cac cau tao tiém nang theo hwéng wu tién toi da cong suat dw thira cia hé thong
thiét bi sdn c6, két ndi cAc mé v&i nhau dé cé thé dung chung hé théng thiét bi gon nhe, gidm chi
phi nham t4n thu t6i da tai nguyén dau khi tai cidc khu vwe bé Ctru Long, Nam Con Son va mot s8
khu vuc khac & thém luc dia Viét Nam. Cho dén nay, cac ciu tao chwa dwoc dwa vao phat trién
déu la cAc m6 nhd, mo cin bién. Viéc quy hoach phat trién cac ciu tao nay can dwoc xem xét dwa
trén cac tiéu chi co ban nhw: Uu tién phat trién cac ciu tao thudc L6 dang khai thac ma hé thong
thiét bi xtr ly sdn cd va di cong suit du cling nhw kha thi trong viéc két ndi; Gi¢i han khoang cach
trong pham vi 30 km tir cu tao dén hé thong thiét bi, trung tdm x& 1y hién hitu ma ciu tao dw
kién két néi vao. Giai phap két n6i cic mé nho, mé cin bién trén co s& tin dung diéu kién cho
phép vé ky thuit va cong nghé ciing nhw co sé ha tang, thiét bi sdn c6 clia cdc mo trong khu vuc
1an c4n hién hiru 12 pht hop, ddm bao hiéu qua kinh té va tinh kha thi cho cac dw 4n méi.

Tai liéu tham Khao

Vii Minh Birc, (2015). Nghién ctru quy hoach phat trién téng thé cidc mo diu khi bé Clru Long trén
co s& tdi wu héa hé thong cong nghé va thiét bi khai thac hién hitu. Téng Cong ty Thdm do
Khai thdc Dédu khi (PVEP).

Kue, Y. N and Orodu, 0.D, (2006). Economic Analysis of Innovative Approaches to Marginal Field
Development, 30t Annual SPE International Technical Conference and Exhibition in Abuja,
Nigeria, pp 01-11.

Lubiantara, B, (2005). Marginal Field Incentive. p.2.

52



Lubiantara, B, (2005). The Analysis of the Marginal Field Incentive - Indonesia Case. 1-2.

Partowidagdo, W, (1996). Incentives for Marginal Field Development in Indonesia. 25th Annual
Convention Proceedings (Volume 3).

Svalheim, S; Chiang Mai, (2004). Marginal Field Development - a Norwegian Perspective. The 3rd
PPM Seminar, p.20.

Sagex Petroleum AS, (2005). Field Developments and Technical Solutions Marginal Fields -
Norwegian Experiences. Petroleum Policy and Management Project - The 3rd Workshop
Indonesia Kutei Basin Case Study, p.2.

Warlick, D, (2007). A new era for marginal oil production. Oil & Gas Financial Journal.

Vijay Gupta and Ignacio E. Grossmann, (2016). Development Planning of Offshore Oilfield
Infrastructure. Alternative Energy Sources and Technologies, Springer, pp.33-87.

Behrenbruch, P, (1993). Offshore Oilfield Development Planning. journal of Petroleum
Technology, 45(08), pp 735 - 743. https://doi.org/10.2118/22957-PA.

ABSTRACT

Research on the infrastructure and equipment
systems of oilfields in Vietnam for connecting to
marginal fields

Nguyen Van Thinh*, Nguyen Thanh Tuan, Nguyen Thi Hai Yen, Le Van Nam

Faculty of Petroleum and Energy, Hanoi University of Mining and Geology, Vietnam

Some sedimentary basins in Vietnam such as Song Hong, Phu Khanh, Nam Con Son, Cuu Long and
Ma Lay-Tho Chu are discovered and proved reserves of oil and gas. There are still many potential
reservoirs which are not developed producing at the basins of Vietnam Continental Shelf Offshore
beside oilfields having been operating in production such as Su Tu Vang, Su Tu Den, Te Giac Trang,
Hai Thach - Moc Tinh, Lan Tay/Lan Do. According to preliminary assessment, these geological
structures have reserves in situ and recovered reserve which are considered not good enough, so it is
necessary to propose the policies and development strategies suitable for each structure in order to
get a good economic efficiency for developing these reservoirs. Currently, the infrastructure of
oilfields being exploited at Cuu Long, Nam Con Son basins is still quite good quality. On the other
hand, most of reservoirs in this earea are now depleted. They have reached their peaks and started
to undergo decreasing productivity. However, many of the production, processing, storage and
transport equipment systems used for production of these fields are still in good working condition.
Therefore, research the ability on taking advantage of equipment systems and infrastructure of
these fields to serve exploitation of these potential reservoirs is considered as one of the necessary
and important task. This paper presents results of research on the infrastructure and equipment
systems existing at some oilfields in Vietnam. Results of the research will provide realistic
knowledge to propose practical solutions to the production of new potential reservoirs and thus,
improve the operation and economic efficiency of these oilfields.

Keywords: Mariginal oil field, Gathering and transportation, Oilfield connections.
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Nghién ciru lra chon ham lwong chat bit nhét doi voi
dung dich polymer sét khi khoan trong tang da mong
mo Bach Ho

Nguyén Thi Hai 1, Trwong Van Tir 2*, Nguyén Tién Hung 2, Lé Vin Nam 2

1Vién Tién Tién Khoa Hoc va Céng Nghé, Trwong Pai hoc Vdn Lang, TP. Hb Chi Minh, Viét Nam
2 Trwong Pai hoc M6 - Pia chdt, Ha Ngi, Viét Nam

Toém tit

Mot trong cdc phirc tap thwong gdp khi thi cdng xdy dung giéng khoan trong tdng Mdng nirt né tai
mdé Bach HG la mdt dung dich khoan. Cdc phirc tap dang nday khéng nhirng gdy tiéu hao mét lwong
Ién dung dich khoan, ma con gdy ra cdc phirc tap, sw c6 khdc cé lién quan nhw: mdt 6n dinh thanh
giéng, ket dung cu khoan, thay déi tinh chdt thdm chira tw nhién ctia via,.... lam gia tdng thoi gian thi
cbng, chi phi sdn xudt va hiéu qud khai thdc sau nay. Hién nay, lién doanh ddu khi Viét - Nga
Vietsovpetro thwong str dung 02 phwong phdp dé xi ly tinh trang mdt dung dich khi khoan trong dd
méng mé Bach Ho6: phwong phdp khoan khéng tudn hoan; str dung dung dich polymer sét két hop
V@i cdc chdt bit nhét. Phwong phdp khoan khéng tudn hoan mang lai nhiéu hdu qud cho qud trinh
khai thdc sau nay do mét lwong 16n dung dich (nwdc bién) xdm nhdp vao via sdn phdm trong qud
trinh khoan, lam thay doi tinh chdt thdm chiva tw nhién cta via. Phwong phdp st dung dung dich
polymer sét két hop véi cdc chdt bit nhét thdn thién hon véi via san phdm do han ché dwoc lwong
dung dich xdm nhdp, nhwng dang gdp phdi nhitng vdn dé trong viéc lya chon chiing logi va ham
lwong t6i wu ctia cdc chdt bit nhét. Vi vdy, viéc nghién cttu lwa chon cdc vt liéu bit nhét ciing nhw
ham Iwong cta chiing dé han ché tinh trang mdt dung dich khi khoan qua tdng Mdéng tai mé Bach
H6 do Lién doanh ddu khi Viét - Nga Vietsovpetro qudn ly la quan trong va cdn thiét. Nhém tdc gid
st dung phwong phdp nghién ctru ly thuyét va phwong phdp thi nghiém trong phong dé thir nghiém
déi vdi cdc vdt liéu bit nhét nhw vé trdu, so dira, va calcium carbonate - CaCOs, tiép dé tién hanh xdc
dinh ham lwong hop ly cta chiing khi bé sung vao dung dich géc. Két qud nghién cteu cho thdy, hé
dung dich md&i sau khi b6 sung cdc vt lidu bit nhét véi ham lwong ma nhém tdc gid dd nghién ciru
c6 khd ndng han ché tinh trang mdt dung dich rdt tét. Piéu nay dworc thé hién qua khd ndng bit nhét
cdc vét nirt va khd ndng chéng thdm trong diéu kién chénh dp dwoc thiét Idp twong tw nhw trong
diéu kién mé.

Tir khéa: Mdt dung dich khoan, Tdng Mdéng nirt né, bit nhét, vé trdu, so dira va calcium carbonate- CaCOs.

1. Thwc trang mit dung dich trong céng tac khoan tai ting da Méng mo6 Bach Ho

Mat dung dich khoan khi thi cong trong ting méng nirt né mo Bach H6 ludn dwoc ghi nhan
& mirc d6 phirc tap nhét, gy ra nhiéu hiu qua khong chi cho qua trinh khoan ma con cho qua trinh
khai thac sau nay do diy la ting chira du 16m nhit cia mé. Mat dung dich xay ra do ap lwc dung
dich 16n hon ap suit thanh tao va khi khoan qua nhitrng déi nit né, nhirng noi dat da kém bén
virng, dung dich sé bi diy vao trong cac khe nitt, hodc hang hoc giy ton thit dung dich khoan. Tang
mong mé Bach H6 ndm & d6 sdu 3000 - 5000m, 4p sudt thwong cé gia tri 300 - 400 atm., nhiét dd
dao dong 120 -1500C. Dwi tc déng cla cac yéu té nay (dac biét & nhiét d6 cao) dung dich thwong
bi loang ra (do cac polymer bi phan hily ciu tric) nén dé bi di vao via va gdy mat dung dich véi
cwong do 1on (PsazanoB f.A., 2005; Koneces I'.B., MaBawToB M.P.,, CnuBak A.U., MyntokoB P.A,,
1993). Thanh phan thach hoc d4 méng khong dong nhit, xen k& nhitng déi da ran chic 1a nhirng
déi da dé bi dap vé, tao ra cic déi nirt né ndm xen ké gitta cac khdi da ran chic, dic xit, tao kha
nang thidm rit tdt va tinh thAm cta d4 méng chinh 1a do dd rong ctia nhitng khe nit quyét dinh.

*Tdc gid lién hé
E - mail: truongvantu@humg.edu.vn
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Chinh hé thdng khe nitt, hang hdc day dic, va sw lién thong gitra cac 16 hdng, khe nirt nay da dan
dén sw c6 mat dung dich rat trim trong tai day.

D4 Moéng véi dic thu nirt né va hang hdc véi 4p suit via hién nay bang 0,8 dén 0,9 4p suit
thuy tinh va nhiét d6 day rat cao vao khoang 150°C. Khi mé via tai diy, mat dung dich xay ra trén
dién rong véi mirc dé khac nhau, tir tirng phin, cho dén mat toan bo. Trén co s& phan tich nhirng
két qua nghién ctru triedrc diy, nhom tac gia nhan thay, mirc 46 mat dung dich trong ting Méng nirt
né bién doi theo khu vuc (Hinh 1), theo d6 sau (Hinh 2), tuidn theo mot s6 quy luat nhat dinh va c6
mai quan hé v&i cic yéu té dia chit nhw: thanh phan thach hoc, sy pha hiy kién tao,... Mirc d6 mat
dung dich tai vom Trung TAm 16n hon nhiéu so v&i mirc d6 mat dung dich tai vom Bac. Trong do,
vung khéng mat dung dich cht yéu & vom Bic (Bao cdo so dd cong nghé hiéu chinh khai thac va
x4y dung mo Bach H§, 2013; Nguyén LAm Anh va nnk, 2018).
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Hinh 1. Mdt cat doc phdn b6 cdc déi nikt né cé lién quan dén mdt dung dich tai dd Méng mé Bach Hé.
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Hinh 2. So d6 phdn bé cdc mirc d6 mdt dung dich theo chiéu sdu giéng khoan trong Méng mé Bach
Hé doc theo hwéng Nam-Bc.

Tinh trang mait dung dich tai day bién doi rat da dang va phic tap, theo dién, theo chiéu
siu, bao gom cac mirc do: khong mat, mit ro ri, mit tirng phan, mat nghiém trong va mat hoan
toan (Hinh 2 va Bang 1). Cac d&i bi mat dung dich v&i cwong d6 khac nhau va xen ké nhau. Trong
d6, mirc d6 mat dung dich nghiém trong va mat hoan toan chiém wu thé hon so véi cac miirc d6
mét dung dich khac (Hinh 1, 2 va Bang 1).

Bdng 1. Thwc trang mdt dung dich khoan tai dd méng mé Bach H@.

STT Phéin loai mirc dé6 mit dung dich Mirc 6 mit dung dich (m3/h)
1 Mat ro ri Duwéi 1,6 m3/h
2 M4t cuc bd 1,6 - 16 m3/h
3 Mt nghiém trong Trén 16 m3/h
4 M4t hoan toan M4t tudn hoan
Mat toan phan

55



Hién twong mat dung dich khoan tai mo6 Bach Ho xay ra tir tAing Mioxen trén va Mioxen gitra
khi ching dwoc khoan déng thoi véi trong lwgng riéng dung dich 1a 1,30 g/cm3 hoac cao hon. Tai
vung chuyén tiép trong khoang chiéu sau 1-2m tir Oligocien dén ndc tAing Mong, tin suit va cwong
do mat dung dich 16n hon, hién twong mat dung dich bat dau xay ra khi gia tri trong lwong riéng
dung dich dat 1,10 dén 1,20 g/cm3 (Nguyén LAm Anh va nnk, 2018). Trong tang d4 mdng, cudng
d6 mat dung dich c6 thé chia thanh cac cdp dd khac nhau: ro ri, cuc bd, nghiém trong (Nguyén LAm
Anh va nnk, 2018), I&n nhit xay ra & nhirng giéng dwgc khoan & phan duébi cia moé (BK-1, 2, 3, 4,
5, MSP-9). S6 liéu thong ké vé tinh trang mit dung dich thuc té tai mot s6 giéng khoan dwoc thong
ké trong Bang 2.

Bdng 2. S6 liéu théng ké thwc té vé mikc dé mdt dung dich khoan trong Mdng nirt né & cdc giéng

khdc nhau.
Ham lwgng vo triuy,
.~ | Ceong do | Tinh chét luu kg/m3
n ix Chiéu sauy, A, . p — C .
STT Tén giéng m mat dung bién cua Dung | Nutchdéng | Ghichu
dich, m3/h | dungdich dich mat dung
khoan dich
MW=1,06
FV=35; FL=5;
1 9002BT-BK9 - 2-14 Gels=15/25; 9-15 50
PH=9
2 449BT-BK-7 - 1-10 10-15 50
Muc
MW=1,08 dung
FV=45; FL<S8; dich day
3 | 706BT-BK-7 - 8 Gelso11/25; | 20 50-70 vitng
PH=9 600-
800m
4 428BT-BK-2 - 6-8 10 50
MW=1,07
FV=40; FL=5;
5 924BT-BK-9 - 1,7 Gels=11/25; - -
PH=9
6 | 900BT-BK-9 . Mattuan | wge bign . .
hoan
3700 - 3 1an mit e
7 429BT-BK-4 4380 tuAn hoan Nuwéc bién 10 50
8 | 447BT-BK-4 | >=3882 | > 1MAC 1 Nygepign | 10 50
tudn hoan

Sau hon 30 nam khai thac, 4p suit via suy gidm (chi bang 0,80-0,90 4p sudt thuy tinh), tinh
trang mit dung dich khi khoan trong ting Méng cang xay ra nghiém trong hon. Vi thé, dé€ chéng
mat dung dich nguoi ta sir dung 02 phwong phap: khoan khéng tun hoan bang nwéc bién; bom
cac chat bit nhét (Lost circulation material), cAc ch4t ndy dwoc loai bd bang axit hoa tan sau khi
khoan. P6i véi phwong phap thi nhit, do str dung mét lwong 16n nwée bién dé khoan khong tuin
hoan, lwgng nwdc nay sé xam nhip truc tiép vao via gy anh hwéng dén tinh chit thim chira tw
nhién cda via lam gidm nadng suit khai thac sau nay. Do dd, gidi phdp nay dén nay rit it hodc gan
nhue khéng dwoc st dung. DP6i véi phwong phap th hai, lién doanh diu khi Viét - Nga
(Vietsovpetro) st dung dung dich polymer sét diac véi ham lwong sét 100-150 kg/m3 két hop véi
chat bit nhét 1a v trau véi ham lwong 15-50 kg/ms3. Tuy nhién, phwong phap nay con ton tai mot
s6 han ché, c6 thé ké dén: do ham lwong vé trdu dwgc st dung chwa phi hgp 1am ting nguy co b6
ket bd dung cu khoan; kha nang han ché mit dung dich chwa dwoc cao, thé tich dung dich that
thoat c6 thé 1én dén 30 ngan mét khoi, lwong chit bit nhét I1én dén 10 ngan mét khoi trong mot
ndm (Tran Xuan Do, 2008; Nguyén Vin Khwong, 2015). Vi viy cin tim ra ham lwgng chat bit nhét
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pht hop dé van ddm bao dwoc yéu cau vé kha ning bit nhét, han ché mit dung dich 1am gidm nguy
co bo ket bo dung cu khoan va tang kha nang han ché mit dung dich.

2. Phwong phap nghién ctru

Nhom tac gia thuwc hién lwa chon, thir nghiém cac vat liéu bit nhét cling nhw don pha ché
dung dich khoan tai phong thi nghiém dung dich khoan thudc Vién NIPI, Lién doanh dau khi Viét
- Nga. Chung tdi str dung dung cu thi nghiém LCM (Lost circulation material) dé Iwa chon cac vat
liéu chong mat dung dich, cling nhw don pha ché phu hop.

Véi 03 chat bit nhét sdn c6 (vé trau, xo dira, Calcium carbonate) nhém tac gia tién hanh thi
nghiém dé lwa chon ham lwong cta ching véi 02 tiéu chi: kha ning bit nhét trong diéu kién ap
sudt va nhiét do cua via; kha ning tan trong axit & dam bao viéc lam sach khu vwc cin day giéng
sau khi da tién hanh khoan. Cac thi nghiém nay dwgc tién hanh véi sy hd trg ciia dung cu thi
nghiém chdng mat dung dich Lost circulation material test device - LCM) (Hinh 4).

Hinh 4. Dung cu thi nghiém vdt liéu chéng mdt dung dich (Lost circulation material test device -
LCM).

Dung dich goc dwoc str dung trong thi nghiém nay 1a sét véi cac thanh phan chi yéu la sét
va CMC-HV vé&i d6 nhdt trong khoang 100-120s (P/l VSP-000-PK-650, 2017; VSP-000-PK-637,
2016). Sét két hop véi vo trdu va CaCOs sé ting cwedng kha ndng bit nhét vao cac d¢i mat dung dich
do c6 cac c& hat va hinh dang (vay, hat) khac nhau. Polymer sinh hoc CMC-HV ¢6 tinh bén nhiét dé
giam thiéu ham lwong sét. V4 trauy, so dira, Calcium carbonate (Hinh 5) c¢6 dic tinh mém déo, dé di
chuyén vao cac khe nttt c6 dd 1én khac nhau, dé phan huy béi vi sinh, dé tan trong axit, thuan tién
cho cong tac lam sach khu vuc ddy giéng sau khi hoan thién.

Hinh 5. Vit liéu bit nhét xo dira, vé trdu, va Calcium carbonate.

Viéc lwa chon don pha ché hé dung dich dé han ché hién twong mit dung dich khi khoan
tang d4 Mong sé phu thudc vao tinh chat cta thanh tao dia chat, nguyén nhan gy mit dung dich
khoan va giai phap khic phuc dwoc chon 1a tam thoi hay 14u dai. Ngoai ra, phai tinh dén cac thong
s6 nhw 4p sudt via, loai via, thong s6 dung dich khoan, cac quy dinh vé méi trweong tai dia phwong
va sy ¢ mit cta vat liéu chdng mat dung dich.

Quy trinh thi nghiém dwoc thuc hién theo hwéng dan s dung doéi véi thiét bi Lost
circulation material test device - LCM va phwong phap thi vat liéu chong mat dung dich khoan do
mo hinh cac vét nirt va bi thép (OT4éT 0 HayyHO-KCCIe0BaTeNbCKOM paboTe Tema IV.1, 2017).
Nhom tac gia thyc hién thi nghiém véi 02 mé hinh: mo6 hinh cac vét nitt khac nhau véi chiéu rong

57



tir 1 mm dén 4 mm (Hinh 7) dé kiém tra kha nang bit nhét cua dung dich; cdc mé hinh rong duorc
tao ra b&i cac vién bi thép trong 6ng boc (hinh 8) c6 dwdong kinh 4,39 mm véi dd thidm t6i da K=
200 Darcy va 14,3 mm v&i dd thdm t6i da K= 2000 Darcy dé kiém tra kha nang bit nhét va kha
nang chdng tham.

Pong ho do
ap suit
\', ¥
po )
s D
o i
o 0 -
Vet nit
Phan chira 000 T
dung dich =
> B@ khi e —1
Ni to \
Van & Gl b Dia thép rinh, con
ddura | l .
Dung dich

Hinh 6. Sor dd thiét bi thi nghiém vdt liéu chéng mdt dung dich.

Dé danh gia kha nang bit kin vét nit ctia vat liéu chong mat dung dich LCM (Hinh 4), so d6
thiét bi kiém tra d6 kin vét nitt va kha nang bit nhét va chong thdm cda vét liéu dwoc mé phong
(Hinh 7, Hinh 8) vé&i cac dia thép khong gi c6 ranh, con va cac vién bi thép (Hinh 6) mo6 phong cac
vét nit tw nhién/dod rong gay ra da dwoc str dung. Pau tién, vét nirt dwoc dit trwdec van dau ra
thoat nwérc. Sau d6, dung dich chira vat liéu chdng mat dung dich LCM dwa vao phén chira dung
dich tao ap lwc dé dung dich qua vét nirt cac dia vdi ap suit ting dan. Chénh 4p tac dung ban dau
dwoc dat1a 0,69 Mpa tai dong ho ap suit dwoc tao bdi binh chira Nito va dwoc gitt 6n dinh trong
10 phat. Néu vat liéu chéng mat dung dich LCM bit kin vét nirt khong hiéu qua va 4p suit giam
trong vong 5% do thai nwéc dwoc thoat ra. Khi x4y ra thoat nwdc lién tuc, ngudi ta khang dinh
rang vat liéu chéng mat dung dich LCM da dat dén kha ning chiu ap sut t6i da va thir nghiém da
dirng lai doi véi cac treong hop khong tao dwgc bit nhét. Cac hop dé thai nwéc khéng thoat ra
twong &ng véi hiéu qua giam thiéu sy mat dung dich. Chénh 4p lién tuc ting cao nhit dwoc ap
dung khi lam thi nghiém la 6,9 Mpa khi d6 hinh thanh bit kin khe ntt (t6i da dwgc ap dung cho
thiét bi la 8,0 Mpa) va mit dung dich dwoc ki€ém soat.

R

Hinh 8. Bi thép c6 dwdng kinh 4,39 mm va 14,3 mm.
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Doi véi budce thi nghiém véi mé hinh cac vét nirt, nhém tac gia tién hanh thay déi ham
lwong cac chit bit nhét v trau tir 5-40 g/, xo dira tir 5-10 g/1 (Bang 3). Doi véi bwdce thi nghiém
v&i md hinh cac d6 rong nhém tac gia thay ddi ham lwong va ching loai CaCO3; nhw dwoc trinh bay
trong bang 4. Cac thi nghiém dwoc thwc hién véi diéu kién nhiét d6 phong, chénh ap dwoc thay doi

tir 0.69 dén 6,9 Mpa.

3.Két qua va thao luin

Sau khi ti€n hanh thi nghiém v&i mé hinh cac vét nitt, nhom tac gia ghi nhan, théng ké, phan
tich, tong hop va trinh bay két qua dat dwoc trong bang 3.

Bdng 3. Két qud thi nghiém v&i mé hinh cdc vét nirt khi thay déi ham lwong cdc chdt bit nhét.

M6 hinh Mau Ham lwong cac chit bit nhét Két qua
Vét nirt 1 mm Dung dich nén : 500 ml Khong hinh thanh dwoc bit nhét
1.1 \ 2 .
Ham lwong vé trau: 5 g/l khe nirt
12 Dung dich nén: SQO ml Khong hinh thanh dwoc bit nhét
' Ham lwong vo trau: 10 g/l Khe nirt
13 Dung dich nén: 500 ml Khong hinh thanh dwoc bit nhét
' Ham lwgng vo trdu: 20 g/l khe nitt
14 Dung dich nén: 500 ml Khong hinh thanh dwoc bit nhét
' Ham lwgng vo trau: 40 g/l khe nirt
Dung dich nén: 500 ml - 0,69 MPa: Hinh thanh bit nhét
1.5 Ham lwong vé trau: 5 g/l| -Khichénh ap tanglén 6,9 MPa:
Ham lwong xo diva: 5 g/1 Bit nhét toan by khe nirt
Dung dich nén: 500 ml - 0,69 MPa: Hinh thanh bit nhét
1.6 Ham lwong vé trau: 5 g/l - Khi chénh ap tang 1én 6,9 MPa:
Ham lwgng xo dira: 5 g/l Bit nhét toan b khe nirt
Vét nirt 2 mm Dung dich nén: 500 ml Khéng hinh thanh dwegc bit nhét
2.1 N 2yt .
Ham lwong vé trau: 5 g/l khe nirt
29 Dung dich nén: 500 ml Khong hinh thanh dwgc bit nhét
' Ham lwong vo trau: 10 g/l khe nirt
23 Dung dich nén: 500 ml Khong hinh thanh dwgc bit nhét
' Ham lwgng vo trau: 20 g/l khe nirt
24 Dung dich nén: 500 ml Khéng hinh thanh dwegc bit nhét
' Ham lwgng vo triu: 40 g/l khe nirt
Dung dich nén: 500 ml - 0,69 MPa: Hinh thanh bit nhét
2.5 Ham lwgng vo triu: 5 g/l - 1 MPa: Bit nhét bi pha huy
Ham lwong xo dira: 5 g
Dung dich nén: 500 ml - 0,69 MPa: Hinh thanh bit nhét
2.6 Ham lwong vo trau: 10 g/1 - Khi chénh ap tang 1én 6,9 MPa:
Ham lwong xo dira: 5 g/1 Bit nhét toan bo khe nirt
Vét nirt 3 mm 31 Dung dich nén: 500 ml Khong hinh thanh dwoc bit nhét
' Ham lwgng vo triu: 10 g/l khe nirt
3.9 Dung dich nén: SQO ml Khéng hinh thanh dwegc bit nhét
' Ham lwong vo trau: 20 g/l khe nirt
33 Dung dich nén: 500 ml Khéng hinh thanh dwegc bit nhét
' Ham lwgng vo triu: 40 g/l khe nirt
Dung dich nén: 500 ml - 0,69 MPa: Hinh thanh bit nhét
34 Ham lwong vé trau: 10 g/1 - Khi chénh ap tang 1én 6,9 MPa:
Ham lwong xo dira: 5 g/1 Bit nhét toan bd khe nirt
Dung dich nén: 500 ml Khéng hinh thanh dwegc bit nhét
3.5 Ham lwgng vo trau: 10 g/l khe nirt
Ham lwong xo dira: 10 g/1
Dung dich nén: 500 ml - 0,69 MPa: Hinh thanh bit nhét
3.6 Ham lwong vé trau: 10 g/l - Khi chénh ap tang 1én 6,9 MPa:

Ham lwgng xo diva: 5 g/1

Bit nhét toan bo khe nirt
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Dung dich nén: 500 ml Khong hinh thanh dwoc bit nhét
3.7 Ham lwong vo triu: 5 g/l khe nirt
Ham lwong xo dira: 10 g/1
Dung dich nén: 500 ml - 0,69 MPa: Hinh thanh bit nhét
3.8 Ham lwong vo trau: 10 g/1 - Khi chénh ap tang l1én 6,9 MPa:
Ham lwong xo dira: 5 g/1 Bit nhét toan b khe nirt
Dung dich nén: 500 ml - 0,69 MPa: Hinh thanh bit nhét
3.9 Ham lwong vé trau: 10 g/l - Khi chénh ap tang 1én 6,9 MPa:
Ham lwong xo dira: 5 g/l Bit nhét toan bd khe nirt
Vét nirt 4 mm Dung dich nén: 500 ml - 1,5 MPa: Hinh thanh bit nhét
4.1 Ham lwong vo trau: 10 g/l - 4,0 MPa: Bit nhét bi pha huay
Ham lwong xo dira: 5 g/l

Két qua thi nghiém v&i moé hinh cac vét niet cho thiy:

eD6i véi 03 mo hinh cac vét nirt cé kich thwéce 1, 2, 3 mm, véi mau dung dich chi chira vé
tradu v&i ham lwong tir 5-40 g/1, khong hinh thanh cic bit nhét tai cac khe nitt (Hinh 9);

*D6i vi 04 mé hinh cac vét nirt ¢6 kich thwée 1, 2, 3, 4 mm, khi thém xo dira véi ham lwong
tir 5-10 g/1 va gitt ham lwong vo trau & mirc 5 g/l, cac bit nhét bat ddu dwoc hinh thanh. Tuy nhién,
khi ting ham lwgng xo dira 1én 10 g/1 thi cac bit nhét khéng dwoc hinh thanh (Hinh 9);

*D6i véi 03 mo hinh cac vét nit ¢6 kich thwée 1, 2, 3 mm, khi diéu chinh ham lwong vo trau
12 10 g/l va ham lwong xo dira 1a 5 g/1 thi bat dau hinh thanh bit nhét cac khe nitt trong diéu kién
chénh &p 0.69 MPa va bit nhét toan bd khe nitt trong diéu kién chénh &p 6.9 MPa (Hinh 10);

*D6i véi mé hinh cac vét nirt c6 kich thwéc 4 mm, véi ham lwong vé tru 10 g/l, xo dira 5
g/1 bt dau hinh thanh cc bit nhét trong diéu kién chénh 4p 1.5 Mpa, nhung c4c bit nhét nay lai bi
pha huy trong diéu kién chénh &p 4.0 MPa (Hinh 9).

Hinh 9. Cdc bit nhét khéng dworc hinh thanh.

Hinh 10. Cdc bit nhét dwoc hinh thanh.

Két qua thi nghiém bén trén cho thiy, déi v&i cac khe nit ¢6 kich thwée nho tir 1 dén 3 mm
cac bit nhét khéng bi pha v& & diéu kién chénh 4p cao, dd thAm I&n, tuy nhién, khi cac khe nitt cd
d6 rong la 4 mm thi cac bit nhét nay bi pha vé trong diéu kién chénh ap cao (>4,0 MPa) va do thim
16mn.

Vi viy, nhém nghién ctru tién hanh thi nghiém b6 sung véi viéc thém ham lwong CaCOs loai
C, M, F dé tiang kha ning chong thim cida 1ép bit nhét, nho d6 gia ting kha nang chéng mat dung
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dich cta dung dich géc. Khi bo sung cac loai CaCO3 vao dung dich bén trén, do CaCO3 c6 cac c& hat
(ttr 10 dén 1000 pum) va hinh dang (hat, vay) khac nhau lam ting kha ning bit nhét, chéng thim
cac khe nitt ciia dung dich gdc. Két qua thi nghiém kiém tra kha niang chdng thdm cda dung dich
sau khi b6 sung cic loai CaCO3 dwoc trinh bay trong Bang 4.

Bdng 4. Két qua thi nghiém kiém tra khd ndng chéng thdm ctia dung dich sau khi b6 sung cdc loai

CaCo0s3
Pwong kinh bi Mau Pon pha ché Két qua
D =4,39 mm Dung dich nén: 1000 ml Khong hinh thanh dwoc bit nhét
Al Ham lwong vé trau: 10 g/1
A2 Dung dich nén: 1000 ml Khéng hinh thanh dwoc bit nhét
' Ham lwgng vo triu: 20 g/l
Dung dich nén: 1000 ml Khong hinh thanh dwoc bit nhét
A3 R 2o
Ham lwong vo trau: 40 g/l
Dung dich nén: 1000 ml Khong hinh thanh dwoc bit nhét
A4 Ham lugng xo dira: 10 g
CaCO3F:40g
Dung dich nén: 1000 ml Khong hinh thanh dwoc bit nhét
A5 Ham lwgng xo dira: 10 g
CaCO3M:50¢g
Dung dich nén: 1000 ml -0,69MPa: Hinh thanh bit nhét
Ham lwgng vo trdu: 5 g - 4 MPa: Bit nhét bi pha hay
A6 \ .
Ham lwgng xo dira: 10 g
CaCO3M:60g
Dung dich nén: 1000 ml -0.69MPa: Hinh thanh bit nhét
A7 Ham lwong xo dira: 20 g -3,0MPa: Bit nhét bj pha huy
’ CaCO3M:30¢g
CaC03C:30g
Dung dich nén: 1000 ml -0,69MPa: Hinh thanh bit nhét
A8 Ham lugng xo diva: 20 g -6,9MPa: Bit nhét toan bo khodng rong
' CaCO3M: 60 g
CaCO3C:30g
Dung dich nén: 1000 ml -0,69MPa: Hinh thanh bit nhét
A9 Ham lwgng xordira: 20 g | -6,9MPa: Bit nhét toan bé khoang
) CaCO3M:60g rong
CaC03C:30g
D =14,3 mm Dung dich nén: 1000 ml Khong hinh thanh dwerc bit nhét
B.1 Ham lwong xo dira: 20 g
CaCO3C:60g
Dung dich nén: 1000 ml Khong hinh thanh dwoc bit nhét
B2 Ham lwgng vo triu: 20 g
’ Ham lwgng xo dira: 20 g
CaCO3C:60g
Dung dich nén: 1000 ml Khong hinh thanh dwoc bit nhét khe
B.3 Ham lwong vé trdu: 30 g nirt
CaCO3C:60g
Dung dich nén: 1000 ml - 1MPa: Hinh thanh bit nhét
Ham lwong vé tridu: 20 g - 2 MPa: Bit nhét bi pha hay
B.4 s N
Ham lwong xo dira: 40 g
CaC03C:80¢g
Dung dich nén: 1000 ml - 1MPa: Hinh thanh bit nhét
BS Ham lvgng vo triu: 10 g - 2MPa: Bit nhét bi pha hiy

Ham lwgng xo dira: 20 g
CaCO3C:60g
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K&t qua thi nghiém véi mé hinh rong dwoc tao ra b&i cac vién bi thép cho thiy:

o D&i véi md hinh réng dwoc tao ra tir cac vién bi thép c6 duwdng kinh D = 4,39 mm, ddi
v&i cdc mau dung dich chi chita xo dira va vé trau khong hinh thanh dwoc cac bit nhét va mirc do
chong thim thap;

e Khi thém cac loai CaCO3 véi cac ham lwong khac nhau chi nhan thiy hinh thanh cac bit
nhét va gia ting kha ning chdng thdm (Hinh 11) khi b8 sung xo dira va CaCO3 véi ham lwong chinh
xac la: CaCO3z loai M 60 g/1, CaCOszloai C 40 g/1, xo dira 20 g/1;

e DGivéi md hinh réng dwoc tao ra tir cac vién bi thép c6 dwong kinh D = 14,3 mm, twong
dwong véi do thdm tao ra la 500 Darcy, thi cic bit khong dwoc tao ra, kha nang chong thim rit
thip cho du da tién hanh thay déi véi nhiéu ham lwong khac nhau cta cac chit bit nhét.

Hinh 11. Mé hinh héa bdng cdc vién bi thép cé dwong kinh 4,39 mm trong éng boc ngoai st dung
vdt liéu bit nhét nhw ham lwong xo dira va calcium carbonate.

Nhuw vy, véi két qua cia 02 thi nghiém trén, nhém tac gid nhin thiy déi véi cac moi treomg
rong véi cac vét nitt c6 chiéu rong 1 mm dén 4 mm, do thdm tir 35 - 140 Darcy, dé ting kha niang
chdng thim va bit nhét cia dung dich thi chi cin bd sung vo triu va xo dira véi ham lwong 1a: 10
g/1vo trau va 5 g/l xo dira. P6i véi cAc moi truedng rong cé do thAm tir 200-500 Darcy, d€ gia ting
kha nang chong thdm cda dung dich, cdn b6 sung thém xo dira véi ham lwong 20 g/1 va cac loai
CaCO3 v&i ham lwgng: CaCO3 loai M 60 g/1, CaCOsloai C 40 g/1.

4. Két luan va kién nghi

Dwa trén nhitng phan tich va két qua thi nghiém bén trén, nhom tac gia dwa ra mot so két
ludn va kién nghi nhw sau:

e DE han ché tinh trang mat dung dich khi khoan trong d4 Méng mo Bach H6, can c6
nhitng phwong phap phén loai khu vwec méit dung dich theo kich thwéc cac vét nirt va do tham
trung binh cta cic d&i nirt né. Tir d6, dwa ra cac giai phap chéng mat dung dich pht hop nhim
giam thiéu lwong dung dich bi mat nhwng vin dam bao tinh chit thAm chita tw nhién cda via;

e DOGivdi cac ddi nirt né ¢6 do rong ctia cac vét nirt tir 1 dén 4 mm, do tham tir 35 dén 140
Darcy, nhom tac gid dé xuat st dung giai phap dung dich polymer sét c6 chira cac chat bit nhét véi
ham lwong va ching loai nhw sau: 10 g/1vé trdu va 5 g/l xo dira;

e D6i véi cac dGi nit né c6 d6 thAm tir 200-500 Darcy, st dung gidi phap dung dich
polymer sét c6 chira cac chit bit nhét véi ham lwgng va ching loai nhw sau: 60 g/1 CaCOsloai M,
40 g/1 CaCO3loai C, 20 g/l xo dira;

e Doivdi cac ddi nirt né ¢6 do tham trén 500 Darcy, gidi phap st dung dung dich polymer
sét chira cic chit bit nhét la khéng kha thi va khong hiéu qua. Nhém tac gia dé xuat nghién ctu st
dung cac phwong phap khoan hién dai khac véi tiéu chi khong lam anh hwéng dén tinh chat thim
chira tw nhién cua via;

e Can tién hanh thém cac thi nghiém twong tw véi moi tredong gia lap twong tw véi diéu
kién nhiét do cta via.
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ABSTRACT

Selection of tampon ratio in polymer drilling mud when
drilling into basement formation of Bach Ho field

Nguyen Thi Hai !, Truong Van Tu?*, Nguyen Tien Hung?, Le Van Nam?

1Science and Technology Advanced Institute, Van Lang University, Ho Chi Minh City, Vietnam
2 Hanoi University of Mining and Geology, e-mail:truongvantu@humg.edu.vn

Lost circulation is one of challenges that usually occurs in drilling process through the basement
formation of Bach Ho field. It does not only cause a huge amount of drilling mud injected into
reservoir rocks but also other problems such as lost stability of well, drilling tool jam and damage
natural properties of formation...therefore it causes time and money consumption as well as the
efficiency of future production. Today, Vietsov Petro usually applies two methods to solve this
problem: non circulation drilling process and using polymer drilling mud with lost circulation
material (tampon). The application of the former method usually leaves consequences for future
production because there is a huge amount of drilling fluid injected into formation and damage
original characteristic of reservoir rocks and fluids. In contrast, the application polymer drilling mud
including tampon material is much more friendly with original natural reservoir rocks and fluide
due to less damage to the formation. However, the selection of tampon as lost circulation material
and its mixing ratio in drilling mud must be investigated carefully for optimal solution to reduce lost
circulation when drilling through basement formation of Bach Ho field. This paper studies about
which material should be used as tampon material mixed in polymer drilling mud. The study focuses
on using different tampon materials such as husk, coconut fiber and calcium carbonate (CaC03). A
number of experiments were attemped in laboratory to identify the most optimal ratio of each
material that need to be used in drilling mud for minimizing circulation lost. As the result, the new
drilling mud system using tampon and its ratio from this study show a good result in reducing drilling
mud lost by filling wellbore fractures and increase wellbore stability in the condition of insitu
pressure difference.

Keywords: Lost circulation, Fractured basement, Tampon, Husk, Coconut fiber and Calcium carbonate.
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U'ng dung Ky thuat bao tri tién doan dé nang cao hiéu
qua hoat dong cuia cac thiét bi quay tai Nha may dam
Ca Mau

Nguyén Dirc Trung?, Nguyén Van Thinh2*

1Céng ty C6 phdn phdn bén Ddu khi Ca Mau (PVCFC), Viét Nam
2Khoa Ddu khi va Ndng lwong, Trwong Pai hoc Mé-Pia chdt (HUMG), Viét Nam

ToOm tat

Bdo tri tién dodn (PdM) la mét phwong phdp bdo dwéng tién tién dwoc str dung dé ngdn ngira 16
thiét bi théng qua phan tich d liéu. Ky thudt nay nham muc dich gidm thoi gian ngteng hoat déng
ngoai ké hoach, kéo dai tudi tho thiét bi va t6i wu héa cdc phu tung thay thé dé sira chira. Viéc dp
dung ky thudt bdo tri PdM gitip ddm bdo dé tin cdy cho thiét bi mdy méc hoat ddng trong ddy truyén
céng nghiép. Ttr d6, gitip doanh nghiép gidm dwoc tén thdt do ngirng sdn xudt, gidm chi phi thay thé,
chi phi tai chinh phuc vu cho viéc duy tri hoat déng, chi phi stra chita.... Tai Nha mdy PDam Ca Mau,
cdc thiét bi quay chiém s6 lwong 1én trong ddy truyén sdn xudt cia Nha mdy. Trwdc ddy viéc bdo tri
cdc thiét bi quay chii yéu dp dung chién lwoc bdo dwdng theo loai hinh phong ngira. Ttr khi dp dung
logi hinh bdo tri, bdo dwéng PdM cho thdy ré wu diém trong viéc tiét kiém chi phi ddng thoi ndng
cao do tin cdy va an toan vdn hanh cho Nha mdy. Bai bdo trinh bay két qud nghién cttu vé viéc dp
dung ky thudt PdM dé ndng cao chdt lwong céng tdc bdo tri, bdo dwdng thiét bi quay tai Nha mdy
Pam Ca Mau. Két qud nghién ctru gép phdn ndng cao dd tin cdy va tudi tho cta thiét bi quay; gidm
chi phi bdo tri, han ché sy c¢d bdt thwong, gidm ton kho vdt tw dw phong, kéo dai tudi tho thiét b,
ndng cao hiéu qud hoat déng ctia Nha mdy. Két qud nghién ctru cé thé trién khai mé réng dp dung
rong rdi cho cdc thiét bi khdc trong ddy chuyén sdn xudt ctia Nha mdy Pam Ca Mau.

Keywords: Nha mdy Dam Ca Mau, Bdo tri tién dodn, Thiét bi quay.

1. Gidi thiéu chung

Trong nhitng ndm qua, bao tri da tré thanh mot trong nhitng yéu to6 quan trong ma mot té
chirc, mét doanh nghiép hay mot nha may phai hoan thanh. N6 ¢ thé dwoc dinh nghia 1a bat ky
hoat ddng nao nhu kiém tra, do lwdng, thay thé, diéu chinh va stra chita nhdm duy tri hodc khoi
phuc cac thong s hoat dong d€ may mdc, thiét bi, co s& ha ting... luén trong tinh trang hoat dong
tot. Noi cach khac, bao tri 1a tip hop cac hoat dong, cdc phwong tién, cac bién phap ky thuit dé
thuc hién cong tac bao tri nham phong ngira cac hw héng c6 thé xay ra va dé duy tri tinh trang hoat
déng cia may mac, thiét bi hodc phuc hdi, stra chiva lai trang thai ban dau cua tai san & tinh trang
nhit dinh hodc bao ddm mot dich vu xac dinh. Bdo tri khong nhitng chi thuwc hién cho tirng cum
thiét bi hoac hé théng day chuyén trong nha may, xi nghiép ma phai dwoc thuwc hién thwong xuyén
tlrng ngay, gio, thoi ky, giai doan va suét qua trinh san xuit. Viéc nay phai dwa vao ké hoach bao
tri song song v&i k€ hoach san xuat. Muc tiéu cua bao tri la gitt cho may mdc, thiét bi luén hoat
ddéng 6n dinh theo lich trinh ma bd phan san xuit da 1én ké hoach, ngan ngtra cac két qua khong
mong doi xay ra véi thiét bi. Thiét bi phai san sang hoat dong dé tao ra cic san phidm dat chit
lwong.

Sw két noi gitra cac thiét bi c6 lién quan chit ché véinhau, do d6 chi cin mét sai so6t hw hong
nho ciing du ngirng tré toan bd diy chuyén hay mot hé thong san xuit 1é6m. Ton that mot gio ngirng
san xuit do may moc thiét bi hw hong déi véi nganh dau khi ¢ thé gy thiét hai rat 16n. Chinh vi
vy, viéc gidm dwoc nhitng su 6 trén dong nghia v&i nhitng loi ich 16m lao ma kha ning sin sang
cda thiét bi mang lai.

*Tdc gid lién hé
Email: nguyenvanthinh@humg.edu.vn
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Trong céng nghiép san xudt, bao tri thiét bi dong vai tro rit quan trong, gitp cho cac nha
may xi nghiép vin hanh hiéu qua, gidm chi phi phat sinh do sw ¢ may mdc, cu thé:

- Tang tudi tho cha tai san: Mot trong nhitng ly do pho bién nhat ma cadc doanh nghiép quan
tdm véi cac hoat dong bao tri 1a d€ t6i da hoa tudi tho cuia tai san, lam cho tai san hoat déng téi da
hoéa niang suit va ct gidm chi phi bang cach tranh phai sira chita va thay thé t6n kém. Bao tri thiét
bi thwong xuyén giip phong ngtra dé€ tranh cho may méc bi hdng, nang cao tudi tho lam viéc cta
may moc. Cac van dé phat sinh hodc cac 16i trong qué trinh vAn hanh dwoc phat hién sém va khac
phuc. Tlr d6, ngian chdn cac 16i nghiém trong 1am anh hwéng dén ca day chuyén hoat dong.

- T6i wu héa hiéu suit tai sdn: M6t tai sdn dwoc duy tri t6t sé hoat dong & cong suit toi da,
anh huwdng tich cwc dén loi nhuén cia doanh nghiép théng qua tinh hiéu qua va sw én dinh, dong
thoi lam ra sdn phdm dat chit lwong hon.

- Tranh thoi gian ngirng hoat dong khong theo ké hoach: Sw c6 bat ngdr c6 thé giy ra van dé
nghiém trong cho bit ky doanh nghiép nao. Tén that tai chinh, khach hang khéng hai long va hoat
dong bi gidn doan c6 thé bién thanh nhirng vin dé 1én hon ma hiu qua 1a khong thé tranh khoi va
ton kém dé giai quyét. Bao tri tot c6 thé giip doanh nghiép tranh dwoc sw c6 ngirng hoat dong bat
ngd, ddm bao hoat dong dién ra sudn sé va khong c6 bat ky truc tric nao.

- Gidm thiéu chi phi: Hau hét cic may méc cong nghiép dwoc st dung cho hoat déng kinh
doanh déu tiéu tén mot khodn tai san nhé khi m&i bat dau. Vi vy, viéc duy tri cin than nhitng tai
san nay dé tin dung tdi da ching la diéu hop ly. Viéc khéng thuwce hién cac bién phap bdo tri tét sé
din dén héng héc may mdc, khién doanh nghiép tén nhiéu tién hon théng qua viéc stra chira va
thay thé c6 thé tranh dworc, cling nhw gidm nang suit.

Ngén ngira s mon
ctia chi tiét may

Néng cao hiéu qua
trong tuong lai

hoat dong

Giam chi phi Baco
tri

[ Giam th&i gian ché

[

Loai bé khuyét tit ]

J

Ngin ngira s cd
trong qua trinh van
hanh

do may huw hanh

Pam bio an toan
trong qua trinh vdn

T6i da hidu suét
hoat d6ng

Hinh 1. Cdc muc tiéu chinh ctia bdo tri.

Hién nay, cac chwong trinh bao tri thwong dwoc ap dung trén thé gi¢i bao gom bao tri theo
tinh trang thiét bi, bao tri tién doan (PdM: Predictive Maintenance), bdo tri theo thoi gian (TBM:
Time Based Maintenance) va bao tri sau s ¢6 (RTF: Run To Failure). O Viét Nam, hau hét cac nha
may déu tap trung vao bdo tri theo thoi gian, do da quen véi phwong phap bdo dudng nay tir lau.
Hiéu qua mang lai ca cac chwong trinh TBM khong cao, khi ma cac hw hdng, sw c6 chwa dwoc chin
doan va ngan ngira mot cach kip thoi. Béi vi, theo nghién ciru cta tac gia M. Abid va cong sy (Abid
et al,, 2014), s6 lwong thiét bi x4y ra sw c8 ngu nhién trong nha may chi€m dén 89%, trong khi sw
0 xay ra do xudéng cip dan theo thoi gian (lién quan dén tudi tho thiét bi) chi chiém 11%.

Do dé, dau tu va xiy dwng chwong trinh bdo tri tién dodn la mot céng tac rat quan trong
trong viéc theo dai tinh trang thiét bi, phat hién hw hdng & giai doan sém, ngan ngtra sy c6 va tang
hiéu qua nha may.

Bdo tri tién doan (PdM: Predictive Maintenance) la mét ki thuat str dung cac cong cu va Ky
thuit gidm sat tinh trang d€ gidm sat thiét bi trong sudt qua trinh vin hanh (Keith Mobley, 2002;
David et al.,, 1998; Lughofer and Sayed-Mouchaweh, 2019). Thong tin dit liéu dworc ghi lai phuc vu
cho viéc cadnh bao, phan tich dé tién toan, phat hién nhitng 16i tiém tang cia thiét bi & giai doan
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sém. Diéu nay giup cho nha may chu dong 1én ké hoach bdo tri, stra chira, thay thé truédc khi hdng
héc x4y ra (Girdhar and Associates, 2004). C6 thé thiy rang bao tri tién doan chinh 1a quy trinh
giam sat tinh trang thuc té cta thiét bi dé tién doan khi nao sé xay ra hong hoc va tién hanh bao tri
may trudce khi sw c6 xay ra (Paresh Girdhar and Scheffer, 2004). Ky thuat nay giup phat hién héng
héc ctia may moc, thiét bi dwa trén mot bo cdm bién. BO cdm bién nady cé kha ndng ghi lai cac loai
dir liéu khac nhau nhu: nhiét do, dé dan dién, dd rung..., thdng qua cac hoat dong vat ly clia may
moc, thiét bi tir d6 phan tich dir liéu dé tién doan trudc 16i bat thwong cé thé xay ra déi véi may
moc, thiét bi. Diéu nay gitp ching ta nhanh choéng 1én lich diéu chinh, bao tri may madc, thiét bi
trwde thoi diém chung that sw hong héc.

Bang viéc bao tri mot cach chi dong, c6 ké hoach, dung thoi diém va tién doan duoc truwedc
thoi gian may dat gi¢i han tudi tho gidp gidm nguy hiém trong lao dong, han ché tdi da cac sw co
nguy hiém phat sinh bat ngd. Nguoi lao dong tir d6 cling cadm thiy an tdm va tip trung hon vao
hoan thanh céng viéc dworc giao.

2. Sw can thiét cia phwong phap bao tri tién doan trong Nha may Pam Ca Mau

Muc tiéu cia Nha may Pam Ca Mau la ludn vin hanh an toan va 6n dinh, dat cong suat ky
vong, san pham chit lwgng, tiéu thu t6i da nham mang lai loi nhuin 16n nhat cho cdng ty. Do do,
viéc 4p dung va xay dung cac chwong trinh bdo tri mot cAch ding dan, chinh x4c, t8i wu hoa chi phi
bdo tri la mdt trong nhirng muc tiéu hang dau dwoc dat ra.

T khi dwa vao vidn hanh Nha may Pam Ca Mau chi yéu 4p dung chién lwgc bao tri phong
nglra (PM-Preventive Maintenance) cho cac thiét bi quay theo khuyén cdo cia Nha san xuat va
kinh nghiém cua cdc Nha may khac. Mac du phwong thitrc nay ciling gitp cho trang thai hoat dong
on dinh va tudi tho cta thiét bi dwoc cai thién dang ké. Tuy nhién, tinh trang may mac, thiét bi van
thwong xuyén xay ra hw hdng ngay sau bao tri hay hw héng mot cadch ngau nhién trong khi dang
hoat dong lam day chuyén san xuit bi dirng dot ngdot khong theo ké hoach gay thiét hai rat1én cho
nha may. Mit khéc, viéc bao dwdng thiét bi theo dinh ky giy ton kém rit 1én vé chi phi mua sim
vat tw cling nhw khoi lwgng céng viéc rat 16n cho cac don vi bdo dwdng ctia Nha may. Tuy nhién,
tan suat bao dwdng nhiéu sé tiém an nhiéu rdi ro cho dd tin ciy thiét bi, hé thdng do sai sét trong
qua trinh thao 14p thiét bi. Vi vy nhu ciu thiét yéu cia Nha may Pam Ca Mau la phai c6 mot chién
lwge bao dwdng téi wu dap rng day du cac tiéu chi cia mdt Nha may cong nghiép hién dai trén thé
gi¢i: chi phi bdo dwdng stra chira t6i wu, do tin ciy thiét bi cao dap &rng yéu ciu van hanh an toan,
on dinh lién tuc cia Nha may. Do d6 giai phap PdM dwa ra nham mang lai hiéu qua 16n vé tiét kiém,
ti€t gidm chi phi bao dwdng stra chira cling nhw ning cao d0 tin ciy cua thiét bi quay, giup Nha may
xr ly dwore nhiéu van dé vé rung rung dong, ting tudi tho cho thiét bi...

Trong giai doan tir nam 2015, Nha may Pam Ca Mau da manh dan ap dung song song
chwong trinh PdM cho thiét bi quay khi nhin thiy nhitrng wu diém vé mat tiét kiém chi phi déong
thoi ndng cao do tin ciy va an toan van hanh cho Nha may. Viéc 4p dung chién lwoc bao tri tién
tién nam trong chwong trinh bao tri dwa trén do tin cdy nham giap doi ngii bao tri c¢6 thé phat hién
nhirng diu hiéu hw hong cta thiét bi & giai doan sém. Tir d6, gitp bo phén bdo tri chi dong 1én ké
hoach bao tri, stra chira, chi dong phu tung thay thé, toi wu héa chi phi, thoi gian, nhan lwc béo tri
va an toan cho con nguoi 1a that sy cin thiét. Trong nhitng ndm tiép theo Nha may Pam Ca Mau
da 4p dung manh mé chwong trinh bdo tri tién doan két hop véi cadc phwong thire bao tri khac da
gitp cho cdc may mdc, thiét bi cia nha may hoat déng 6n dinh hon rat nhiéu, gép phin ning cao
do tin cdy cho Nha may. Nha may Pam Ca Mau 4p dung phwong phap nay dwa trén &ng dung cac
may mac, cong nghé hd tro chuin doan hién dai clia cdc hang hang dau nhu System 1 ctia GE, AMS
CSI 2130 (Peak Vue) cia Emerson, Microlog (Envelope) ctia SKF, thiét bi siéu 4m, thiét bi MCEmax
cua PAMA... song song vi viéc dao tao d6i ngii nhan sw chudn doan c6 chuyén mon siu dat trinh
do cao.

Song song v&i viéc bao tri phong ngira (PM), phwong thirc bdo duwdng theo tinh trang PAM
da dwoc dwa vao wng dung cho cac thiét bi quay va da mang lai nhiéu két qua tich cwc. Tlr nam
2017 dén nay chuong trinh PAMA (Predictive Maintenance Analysis) cling dwgc ap dung dé€ chuin
doan, danh gi4 toan dién cac 16i ctia dong co dién va dugc trang bi thiét bi MCEmax. Phwong phap
nay ap dung cho nhirng thiét bi:
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- Cac thiét bi dac biét quan trong (Vital equipment) va Cac thiét bi quan trong th& cip
(Critical equipment): Danh gi4, phan tich dit liéu dinh ky dé€ dw doan tinh trang thiét bi tir d6 cé ké
hoach va n¢i dung bao duwdng pht hop.

- Cac thiét bi thong thwdng (Secondary equipment): Po dac, danh gia tinh trang thiét bi, khi
mirc d6 khong thé van hanh dwoc thi méi bao dwdng stra chira.

3. Giai phap nang cao hiéu qua lam viéc caa thiét bi quay tai Nha may Pam Ca Mau
3.1. Cdc gidi phdp dworc dp dung

* 'ng dung céng nghé phan tich rung dong

Phén tich rung dong la cong nghé gidm sat tinh trang dwoc 4p dung pho bién déi véi thiét
bi quay nhw déng co, quat, bom, hép s6... phat hién ra cac hw hong tiém tang xay ra bén trong va
xac dinh cac thanh phan hw hong va cac nguyén nhén géc ciia hw hong.

Quy trinh thu thap di liéu dwgc thyce hién nhw lwu d6 trong Hinh 2. Viéc khao sat thiét bi
va kiém tra an toan tai khu vwc thu thip dir liéu néu an toan thi tién hanh thu thap dit liéu, tai dir
liéu 1én phdn mém trén may tinh dé phan tich, danh gia tinh trang va xuat dir liéu bao céo.

* 'ng dung céng nghé phan tich Siéu dm

Ap dung céng nghé siéu am - Ultrasound trong phan tich, chudn doan va danh gia tinh
trang cda thiét bi quay sé gitip ching ta phat hién nhirng diu hiéu hw héng cia bac dan, m& boi
tron, bAnh rang & giai doan s¢m. Quy trinh thu thip dir liéu dwoc thwe hién nhw lwu d6 trong Hinh
2. Viéc khao sat thiét bi va kiém tra an toan tai khu vwc thu thip dit liéu néu an toan thi tién hanh
thu thap dir liéu, tai dir liéu 1én phdn mém trén may tinh dé€ phan tich, danh gia tinh trang va xuit
dix liéu bao cao.

Khéng

< A 2 7 C(’)
Bat dau Khao sat
[ K&t thuc ]1— Phan tich & béo cio

Hinh 2. Lwu do thwc hién phdn tich rung déng va siéu dm.

Y

Thu thap dir liéu

7'}

* [’'ng dung céng nghé Kiém tra dong co dién
Qui trinh thu thap dir liéu, bao gom thu thip dit liéu online (Hinh 3) va offline (Hinh 4) cta
dong co.

Khéng
‘ €6 Kiém tra dong khai
[ Bat dau ]—P Khdo sat 1em tra dong kho'
dong
Khéong
An toan sau khi | Kiém tra ty dong
kifmtra | Emax

Hinh 3. Lwu do kiém tra Online.

Khdo sat va kiém tra an toan vi tri thu thap dir liéu néu an toan tién hanh thu thip dit liéu
(kiém tra dong khéi dong, tw dong Emax), co s& dir liéu va két qua kiém tra da diy dua cho viéc
phén tich thi két thic va bao céo.
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Lo K&t n6i cam bién
[ Bat dau ]_' Khao sat MCE kiém tra tu dong

An toan sau khi . Kiém tra dién
< Kiém tra RIC , L
kiém tra ap bwéc

Fy

Khong dat

Hinh 4. Lwu do kiém tra Offline.

Khdo sat va kiém tra an toan vi tri thu thap dit liéu néu an toan tién hanh két néi thu thap
dir liéu (kiém tra PI, ...), co s& dir liéu va két qua kiém tra da day du cho viéc phan tich thi két thic
va bao cdo.

3.2. Hiéu qud cua gidi phdp

Viéc 4p dung thanh céng bao tri tién doan 1a mot nén tdng quan trong dé Nha may tiép tuc
trién khai cho cac chwong trinh tién tién nhw RCM (Reliability Centered Maintenance), TPM (Total
Productive Maintenance).

Ap dung cac ki thuat chudn doén gitip phat hién ra cic nguyén nhan hw héng va giai phap
Xt ly tiéu biéu nhu:

- Do tin s6 tw nhién phat hién cong hwdng giy rung dong cao ton tai ldu nay cia mot s6
cum bom diu boi tron quan trong trong qua trinh load tai, két qua sau khi xtr ly cdng hwdng cum
thiét bi chay lai v&i d6 rung rat thap.

- Cum may nén bon amonia thwdng xuyén rung cao gy hw hong 6 bi va truc vit chi phi stra
chira cao (bao gobm vat tw va thué dich vu stra chira), PAM dung k§ thuit do pha rung dong dé xac
dinh nguyén nhan géc do mit ciAn bang motor 1am dnh huwéng dén may nén. Sau khi xtr ly thi dén
nay thiét bi hoat dong rat 6n dinh v&i dé rung thép.

Chuin doan sém cac hw hdéng, cdnh bao dirng thiét bi trudc, tranh bi dirng dot ngdt
(unplanned shutdown) cho cac thiét bi ddc biét quan trong nhw cic cum may nén, cic bom va quat
chinh.

Giam thiéu tan suit phai dirng may bdo tri stra chira do cac sw c6 khéng mong muon.

T6i da hod thoi gian hoat ddng va ci thién do tin ciy, sw an toan cta cac thiét bi quan trong
nhw cadc cum may nén, quat, bom quan trong.

T khi 4p dung bdo tri tién doan cho thiét bi quay, Nha mdy tiét kiém chi phi rit 1én cho
viéc mua sam vat tw dv trit ton kho va bdo duéng stra chita cho thiét bi so véi trudc day chi thuc
hién bao tri phong ngira.

4. Kétluan

Bdo tritién doan la mot trong nhitng phwong phap bao tri dwoc ap dung rong rii béi nhirng
wu diém vuwot troi, 1a mot ky thuét st dung cac cong cu va ky thuit gidm sat tinh trang dé giam sat
thiét bi dinh ki hodc lién tuc trong suét qua trinh van hanh. Thong tin dit liéu dwgc ghi lai phuc vu
cho viéc canh bdo, phan tich d€ tién toan, phat hién nhirng 16i tiém tang cua thiét bi & giai doan
sém. Diéu nay giup cho nha may chu dong 1én ké hoach bdo tri, stra chira, thay thé truédc khi hdng
héc xay ra ting hiéu qua nha mdy. Cac cong cu phat hién bat thwong manh mé cé thé tranh dwoc
nhirng sw c6 tiém 4n va chu dong giai quyét vin dé. Qua d6 ning cao hiéu qua san xuit, tiét kiém
chi phi bdo tri bdo dwéng, giip doanh nghiép nang cao nang lwc canh tranh va phat trién bén virng.
C6 nhiéu phwong phap bao tri tién doan dwoc 4p dung nhw: Phan tich rung dong; Phan tich siéu
am; Kiém tra dong co dién....

Tai Nha may Pam Ca Mau da ap dung thanh cong bao tri tién doan trong cong tac bao dwdng
stra chita. Tr d6 tao nén tang phat trién manh mé trong twong lai.

Viéc 4p dung thanh cong ky thuat PAM cho cac thiét bi quay tai Nha may Pam ca Mau da
giup tiét kiém chi phi bdo dwdng thiét bi, dong thoi nang cao do tin ciy va an toan van hanh cho
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Nha mdy. Diéu nay da khang dinh tinh hiéu qua ctia viéc 4p dung phwong phap PdM trong céng tac
bdo tri, bdo dudng thiét bi.
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ABSTRACT

The use of predictive maintenance technique to
improve the operational efficiency of rotating
equipment at Ca Mau Fertilizer Plant

Nguyen Duc Trung!, Nguyen Van Thinh?*

1 PetroVietnam Ca Mau Fertilizer Joint Stock Company (PVCFC), Viét Nam
2Faculty of Petroleum and Energy, Hanoi University of Mining and Geology, Vietnam

Predictive maintenance (PdM) is an advanced maintenance method used to prevent equipment
failures through data analytics. This technique of PAM aims to reduce unplanned downtime, prolong
optimal equipments life, and optimise spare parts for repairs. Applying PdAM maintenance techniques
helps ensure reliability for machinery and equipment operating in industrial lines. From there, it
helps to reduce businesses losses due to stop unplanned production process. On the other hand it
helps to reduce costs for maintaining operations, repairing and replacing during operating time....
At Ca Mau Fertilizer Plant, rotating equipments are accounted for a large number of the plant's
production lines. In the past, maintenance of rotating equipment mainly applied a preventive
maintenance strategy. Since applying PdM maintenance techniques, it has clearly shown its
advantages in saving costs while improving reliability and operational safety for the Plant. This
article presents results of the research on applying PdM technique to improve the quality of
maintenance for rotating equipments at Ca Mau Fertilizer Plant. Results of the research will
contribute to improve the reliability and longevity of rotating equipment, thereby improving
production efficiency, helping to reduce maintenance costs and limit unusual incidents, reducing
inventory of spare materials and being able to help prolong equipment life. That leads to ameliorate
the operational efficiency of the Plant. Results of research can be considered to apply to other
equipment working in the production line of Ca Mau Fertilizer Plant.

Keywords: Ca Mau Fertilizer Plant, Predictive maintenance, Rotating equipment.
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Nghién ciru anh hwéng ciaa tai trong song bé mat chat
16ng tac dung 1én thanh bé ciu chira khi héa léng chiu
tai trong dong dat

Ngd Xuan Hung!*, Nguyén Thé Vinh?, Tang Vin LAm3, Bulgakov Boris
Igorevich*
1 Khoa Xdy dwng, Trwdng Dai hoc M6 - Dia chdt, Viét Nam
2 Khoa Ddu khi va ndng lwong, Trwong Pai hoc M6 - Pia chdt, Viét Nam
3 Khoa Xdy dwng, Trwong Pai hoc M6 - Pia chdt, Viét Nam
4 Bd mén Céng nghé Bé téng va Chdt két dinh, Truromg Pai hoc xdy dung qudc gia Mdt-co-va, Lién bang Nga

Tom tat

Khi hod 16ng (LPG) thwdng dwoc chira trong cdc bé chira hinh cdu bang thép cé dung tich khdc nhau,
dung tich b€ chira cé thé lén dén 6000m3. Cdc viing dia chdt ven bién cia Viét Nam nam trong viing
c6 nguy co xdy ra déng ddt, dwéi tdc dung cia déng ddt, cdc chdt 1dng bén trong bé dao déng gdy ra
dp lwc séng tdc dong trwc tiép 1én thanh bé va mang tinh chdt khéng déi xirng. Hién nay, cdc bé chiva
la loai két cdu vé méng va dé bi mdt én dinh téng thé hodc mdt én dinh do cdc tdi trong khong doi
xttng. Nghién cttu nay trinh bay co sé ly thuyét va phwong phdp xdc dinh tdi trong séng bé mdt tdc
dung 1én thanh bé chira khi héa 16ng khi c6 déng ddt xdy ra. Két qud nghién ctru dd chi ra mikc d6
dnh hwéng ddng ké ctia séng bé mdt tdc dung 1én thanh bé ma chiing chira chdt 16ng. Bén canh do,
khi tinh todn v&i cdc b€ chira c6 bdn kinh khdc nhau déu thu dworc gid tri tdi trong séng bé mdt lén
nhdt 1én thanh b€ khi hy = h/a = 1,2.

Tir khéa: BE cdu, khi hod Idng, tdi trong ddng ddt, tdi trong séng, dp luc thuy ddng.
1.Mé dau

Tai Viét Nam, véi sy phat trién manh mé cia nganh cong nghiép dau khi, dic biét 1a viéc
xdy dung cac khu ché xuat, khu cong nghiép, nha may loc dau,... cing v&i d6 la sy ra doi cla cac
cong trinh bé cau phuc vu chira khi hoa 16ng. Pién hinh tai cdng Pinh Vi Hai Phong, tai nha may
loc ddu Dung Quit, nha may loc ddu Nghi Son,...

LPG dwgc chira trong cac kho xdng diu 16n véi nhiéu bé chira ¢ dung tich khac nhau.
Thong thwdong cac loai binh chira khi 16ng t6i da khoang 80-90% thé tich bé, thé tich con lai danh
cho phén hoi c6 thé gidn n& khi nhiét d6 ting. Néu mot trong s6 cac bé chira nay bi hw hong, lwong
xdng dau trong d6 tran ra ngoai sé de doa chay né cac bé 1an cin va sé anh hwdng dén san xuét, tai
san va tinh mang cia mét ving dan cw rong 1on. Vi vay, trong qua trinh thiét ké va xay duwng bé
chira can thiét phai xem xét, ké dén tat ca trwedng hop tai trong cé thé xay ra va dwa ra cac bién
phdp x ly thich hop nhdm nang cao dd bén, d6 an toan cho bé chira (Vién khoa hoc cong nghé xay
dwng, 2023).

Viét Nam nam trong viing c6 nguy co xay ra dong dit. Du¢i tic dung cta dong dat, chit
16ng bén trong bé dao dong gy ra ap lwc séng tic dong truc ti€p 1én thanh bé va mang tinh chit
khong ddi xtirng. Mit khac bé chira 1 loai két cdu vé méng va dé bi mat 6n dinh tong thé hodc mat
on dinh cuc bo. Trong tinh todn 6n dinh va bén ctia bé chira chi xét dén cic tai trong mang tinh
chat doi xirng ma it xét cac dang tai trong khéng do6i xirng nhw tai trong dong dit - dang tai trong
nay rat dé ngay mat én dinh cho bé (Eurocode 8: EN 1998-4, 2006).

Trén thé gidi c6 nhiéu nghién ctru lién quan dén bé cau chiva khi hda long (Spherical Liquid
Storage Tanks). (Zhi-Rong Yang et al,, 2011), (Matthias Wieschollek et al., 2011) da phan tich md
hinh bé ciu c6 dung tich 1én chiu tac dung cla tai trong ddng dit bang phan mém Ansys st dung

* Tdc gid lién hé
E - mail: ngoxuanhung@humg.edu.vn
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phwong phap phan ti hitu han. Trong cic nghién ctru ndy, nwéc trong bé dwoc mo hinh 13 tai trong
tinh, chwa xét dén thanh phan tai trong séng bé mat tac dung Ién thanh bé.

Tai Viét Nam, Mot s0 nghién ctru da dé cip dén cong trinh bé chita chiu tai trong dong dit.
(Dwong Thanh Quynh, 2005) dd nghién ctru bai toan twong tac gitra cong trinh va chit 16ng trong
két ciu bé tru thanh méng chiu tac dong cla tai trong dong dit, (Nguyén Ding Bich & Nguyén
Hoang Tung, 2015) da nghién ctru 6n dinh cta bé tru tron cé tinh dén hiéu rng chit 16ng chira
trong bén. Tuy nhién, trong cac nghién cru nay tic dung dong ctia séng bé mat sinh ra khi c6 dong
d4t van chuwa dwoc lam ré.

Trong thwc té tinh toan va thiét ké bé ciu chira khi héa long & cac don vi tw van va ndi dung
giang day tai cac trwong Pai hoc chwa dé cidp dén anh hwdng cua tai trong dong dit hodc co xét
dén nhung chwa ké dén anh hwdng dong clia séng bé mit sinh ra do bé dao dong dwéi tac dong
clia tai trong dong dat (Phan Y Thuan, 2014).

Trong nghién ctru nay, nhom tac gid néu 1én phwong phap giai tich nham xac dinh tai trong
séng bé mat tic dung Ién thanh bé cau chira khi héa 16ng sinh ra do sw dao dong ctia bé chwa dwéi
tac nhan cla tai trong dong dat.

2. Di¥ liéu va phwong phdp nghién ciru

T yéu cau thuc té, tir nhirng ndm 80 cua thé ky XX, nhiéu tac gia da nghién cru phwong
phép dé xac dinh tai trong dong dat tac dong 1én bé chira dwdi tac dung ciia dong dit. Phan 1én cac
phuwong phap nay dwa trén cé s& giai tich. Cac phwong phap vé co ban da xac dinh dwoc tai trong
song bé mit chit 1ong tic dung 1én thanh bé do sw dao déng ctia bé chira gdy ra béi dong ddt nhung
chi c6 thé ap dung cho bé c6 hinh dang don gian: bé hinh vuéng, hinh tru tron, hinh ciu, hinh tru
elip... D8i v&i cac bé c6 hinh dang phirc tap, cadc phwong phap nay gap nhiéu khé khian. Dwéi day sé
tim hiéu phwong phap giai tich xac dinh tai trong dong dat 1én bé chira trong trieong hop bé ciu
chra khi hoa long (Nikolaenko, 1967):

Xét bé cau chira khi hod 16ng c6 cic thong so sau: a - ban kinh bé (m); h - chiéu cao chit
16ng trong bé (Hinh 1).

Ya

yi

ye_
v

Y

z
Hinh 1. Sor dd tdi trong séng bé mdt tdc dung 1én thanh bé cdu.
Khi bé chuyén vi véi phwong trinh x = v(t), chit 16ng trong bé chira chuyén vi theo va
tao thanh s6ng v&i thé nang van toc nhw sau:

oo

. . . rk -~
®&(r,0,0,t) = v(t).r.sinb.sind + sind z — T _Pv(kl) (cos 6)f (t) (D

k=1
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Trong d6: 1, 6, ¢ - toa dd ciu (Hinh 1); Pv(kl)(cos 0) - phwong trinh tong hop Lagrange bic

1; v - nghiém ctia phwong trinh die [} (cos 8)]g=g, = O.

Ham f, (t) dwoc xac dinh tir quan hé:

Fie(©) + 201 (8) + @i (8) = v(t) (2)

Trong do: @y - tin so tin s6 dao dong riéng thi k ctia bé mat chat 16ng; ¥, - tham s6 dic

trung cho su tit din cia dao dong séng dang k.

Trong thuyc té ta chi can xét dang dao dong thir 1 1a du, vi cac két qua thuwc nghiém chi ra

rang cac dang soéng con lai chi chiém 2% toan b ap lwc thuy dong (hay lwc thuy déng téng hop,
hodc bién d6 song téng hop trén bé mat). Viéc 4p dung thuyét hién twong két hop véi két qua thuc
nghiém cho phép thu dwoc két qua tin ciy cho séng co ban dang th 1. D6i véi muc tiéu thuc té,
do chinh xac cia phwong phap nay hoan toan théa man.

Trong treong hop bé cau c6 thé tim dwgc @; tir quan hé sau:

A h
Po6i voi ban cau trén: hy = - =1

@y = [\/ 1,842 — (1,97 — hg)? — 0,34] ai (3)
0
D6i véi ban cau dwéi: hy =— <1
@, = [V1,847 = (1,46 — h)? - 0,56 ai (4)
0

Hinh 2. Cdc dang dao ddng ctia chdt I6ng trong bé cdu (Nikolaenko, 1967)
a) dang dao djng riéng thir 1; b) dang dao déng riéng thir 2; c) dang dao déng riéng thir 3
Tham s6 ¥; dic trung cho sw tat dan clia dao dong séng dang 1 dwoc xac dinh:
510,
by = (5)
U1 2

Trong d6 6;- hé s giam chin ctia dang dao dong séng thir 1 va dwoc xac dinh:

s 1,84m . h
04 = vo'1h0=521 (6)

1~ \/R—lho
5 _18471+0,46(2-h)
/R, 146(2-hy)

voihy == < 1 %
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Khi biét thé ndng van t6c chuyén dong cia chit 16ng ta tinh dwoc ap lwc thiy dong ctia chat
16ng 1én thanh bon chira; tinh dwoc lwe thuy dong tong hop (hop lwc) va Profil song (dang séng)
trén mat chat 16ng:

P(t) = —A|av(t) + Z Ck (Y)fk(t)] ()
k=1
] S ©)
Xo(0) = =B|av(D) + ) Bifi(®
k=1
= (10)
§,0,0) = —A1 ) g [fe®) + 5(0)]
k=1
Trong do: p - trong lwgng riéng cua chit 16ng; k - dang dao dong thit k ctia chit 16ng, k=1;
kn(y+h)
-1 7 4 - k
A= pa; a= E; Ck(y) = dk %; Al = 5; B = 2pa2h; Bk = mthﬂ'kho;ak = dk coS %x;
~ k , Tk 4 ¢
&% = %th%ho; dy = =

Sau khi c6 dwoc thé séng van toc @(r, 6, ¢, t) theo (1), c6 thé xac dinh dwoc ap lwc séng
chit 16ng tic dung 1én thanh bé theo (Hinh 3) biéu thirc:

p(0,y,t1) = pak, sin 0 .fp(y)\/ 1 — e—201ty (11)

Trong do: k.- hé s6 phu thudc vao cap dong dat dwgc lay theo Bang 1; t; - thoi gian xay ra
doéng dat, t; = 25 + 30s.

Bdng 1. Hé s6 phu thudc vao cdp déng ddt (Nikolaenko, 1967).

C4p dong dat 7 8 9

k. 0,025 0,05 0,1
Hé s6 &, (y) dwoc tinh theo cong thirc:

&) = 2]%\//—1 (11)

Trong doé: J; - nghiém ctia ham Basel bac 1.

Hodc &, (y) dwgc tra bang 7.1 trong tai liéu tham khao (Nikolaenko, 1967) phu thudc vao
hé so:

h
ch(mho7,0)
Ei(y)=05]|1— ~chhe (12)
pd o N
N S |1
= L=
Y- P
- A

Hinh 3. Phdn bé dp lwc séng dwdéi tdc dung ctiia dong ddt 1én thanh bé cdu (Nikolaenko, 1967).
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Ta c6 cac hé s6 rng véi dang dao dong thir 1 cia bé ciu dworc cho trong Bang 2.

Bdng 2. Gid tri cdc hé s6 séng dang thiv 1 véi bon dang cdu (Nikolaenko, 1967).

a BB a BB

o | a=(efg) | a=(G) | h | m=(etg) | a=(G)
0 1,0 0 1,2 1,788 1,273
0,2 1,072 0,109 1,4 2,124 1,145
0,4 1,158 0,372 1,6 2,688 0,834
0,6 1,262 0,698 1,8 3,976 0,382
0,8 1,392 1,0 1,9 6,242 0,17

1 1,541 1,195 2,0 - 0

Trén Hinh 3 thé hién bi€u do ap luc thuy dong ctia chit 16ng trén mit phang cit qua tAm
hinh cAu: mat cat ding II-11 va mat cat ngang I-1. Vi ta khong thé x4c dinh chinh x4c dwoc biéu do
ap lwc thuy dong cta chit 16ng nén dai lwong van 13 4n s8. Trong tinh todn thuc té, dai lwong nay

c6 thé 14y, hodc bang toa do tAm khdi lwgng cia chit 16ng trong bé.

3. Noi dung va két qua dat dwoc

3.1. S6'liéu bai todn

Trong phan nay sé& 4p dung ly thuyét da néu & cic phén trén dé tinh toan cu thé bé cdu bang
thép c6 tru do bang cot thép chiu tai trong dong dat. Cac thong s6 clia bé nhu sau:

- Pwong kinh bé r: 10,0 m;

- Chiéu cao chit 16ng trong bé hy: 8,0 m;

- Chiéu day thanh bé &: 3,0 cm;

- Chit 16ng chira trong bé: Khi hoa 16ng LPG;
+ Mat do cua chitlong: 800 KG/m3;

+ Nhiét d6 cta chit 16ng: 25°C;

- C4p dong dat: Cap 8;

- Ap sudt chat 16ng: 1,25 Mpa;
- bia diém xiy dwng: Hai Phong;

Thanh bé st dung thép Loai thép tdm A517 Gr70, cé gidi han bén thiét ké Sy, = 1764

(N/mm?) = 17,64 kN/cm?2.

82200x18

\

Hinh 4. Sor d6 bai todn.
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3.2. Xdc dinh tdi trong séng bé mdt tdc dung vao thanh bé
T cac cong thirc gidi tich ra xac dinh dworc tin s6 va hé s6 can nhét cia dang dao dong thi 1:
he=t-8_16
a 5

Tén s6 dao dong riéng th 1:

@y = \/625 - \/2,688.% = 2,29 rad/s
Hé s6 can :

. 0,92y229.05 1+0,46(2-1,6
U = { ) = 0,004 rad/s

500 " 1,46(2-1,6)
E—05<1 0’834)—0375
=" 2,09.1,6/

Suyra: §, = 1,5

Ta tinh dwgc hop lwc ctia ap lyc thuy dong:
X4(t) = 335.0,1.1,5V1 — ¢72:0.00430 = 232 (T)

Véih, = gh = 5,3 m - toa d0 trong tAm cda khéi chat 1ong.
Thay d6i cac gia tri chiéu cao muc chit 16ng trong bé ta thu dwgc bang gia tri ap lwc thuy
déng phu thudc vao chiéu cao chat 16ng trong bé (Bang 3).
Bdng 3. Gid tri dp lwc thuy dong phu thudc vao chiéu cao mwec chdt léng.

ho Xq(0) (T) ho X, (T)
0 0 1,2 35,412
0,2 3,032 1,4 31,851
0,4 10,348 1,6 23,200
0,6 19,417 1,8 10,626
0,8 27,818 1,9 4,729
1 33,242 2,0 0,000

T day ta c6 do thi ap lwc thuy déng phu thudc vao chiéu cao muc chat 16ng (théng qua gia
: Ry rrps
tri hg = ;) (Hinh 5).

60

50

a=5m

T
Xg(T)
w
o

a=7m

-a=10m

10

0 02 04 06 08 1 12 14 16 18 2 22

hO

Hinh 5. D thi quan hé gitka lwc thuy déng va chiéu cao muc chdt I6ng.
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Bang tinh to4n twong tw ddi véi bé ¢ ban kinh a=7m va a=10m. Ta thu dwoc két qua gia
tri hop lwc cia ap lwc thuy dong phu thudc vao ty sé hy nhw Hinh 5.

4. Thao luan

Nghién cru nay di trinh bay phwong phap xac dinh tai trong séng bé mat chit long tac
dung Ién thanh bé do sw dao ddng ctia bé chira giy ra b&i dong dat.

Tai cling ty s0 hy, ap lwc séng bé mat tac dung 1én thanh bé cé xu hwéng tiang 1én khi dwong
kinh bé ting tir 5-10m, diéu nay dwoc giai thich do bé c6 ban kinh cang 1én thi dién tich mat thoang
chat 16ng trong bé cang 16n, dan dén bién d6 dao ddng ctia mit nwée khi co tai trong ddong dat cang
cao.

" . LA e s TAL L1t e e vt K h

V&i bé cé dwong kinh h=5m, ap lwc séng bé mat tang 1én khi tang ty s6 hy = > dat gia tri

lé6n nhatkhi hy = 1,2, tirc chiéu cao muce nwée trong bé 1a h=6m. Khi tiép tuc ting mwc nwéc trong
bé (ting ty s6 hy = Z), ap lyc séng bé mat cé xu hwdng gidm dan.

Viéc x4c dinh tai trong séng do dong dit 1én thanh bé bang phwong phap gidi tich 1a phirc
tap. Khi tinh bang giai tich chi c6 thé st dung véi bé chita c6 hinh dang don gian, déi véi tredng
hop c6 hinh dang phic tap khong thé xac dinh dwoc.

5.Kétluan

- B& c6 ban kinh cang 16n thi tai trong s6ng bé mat sinh ra do bé dao dong khi c6 dong dat
cang lon

- Ap luc thuy déng 1én nhét cla chat 16ng tac dung 1én thanh bé khong phai khi bé chira
90% murc chat 16ng thiét ké. Ap lwc lén nhat khi hg = Z =1,2.

- Nghién ctu kién nghi d6i véi cong trinh trén khéng nén lwu gitt chat 16ng tai muce chat
long hy = S = 1,2 trong thoi gian dai. 'ng véi moi cong trinh cu thé, can xac dinh murc chat 16ng
nguy hiém dé c6 phwong an vin hanh, ddm bdo tinh an toan cta bé khi c6 dong dit xay ra.
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ABSTRACT

The effects of liquid surface wave loads acting on the
wall of a liquefied gas tank subjected to earthquake
loads

Ngo Xuan Hung!", Nguyen The Vinh2, Tang Van Lam3, Bulgakov Boris
Igorevich*

1 Faculty of civil engineering, Hanoi University of Mining and Geology, Hanoi, Vietnam
2 Faculty of Political Studies, Hanoi University of Mining and Geology, Hanoi, Vietnam
3 Faculty of civil engineering, Hanoi University of Mining and Geology, Hanoi, Vietnam
4 Department “Technology of Binders and Concretes”, National Research Moscow State University
of Civil Engineering, Moscow, Russian

Liquefied petroleum gas (LPG) is often stored in spherical steel tanks with different capacities, the
tank capacity can be up to 6000m3. Vietnam's coastal geological regions are located in areas with
high risk of earthquakes. Under the influence of an earthquake, the fluid inside the tank vibrates,
causing wave pressure to act directly on the tank wall and it is asymmetrical. Currently, storage
tanks are thin shell structures and are susceptible to overall instability or instability due to
asymmetric loads. This study presents the theoretical basis and method for determining the surface
wave load acting on the liquefied gas tank wall when an earthquake occurs. Research results have
shown the significant influence of surface waves acting on the walls of tanks that contain liquid.
Besides, when calculating with tanks that have different radius values in this study, the maximum
surface wave load value on the tank wall was obtained when ho=h/a=1.2.

Keywords: Spherical tank, liquefied gas, earthquake load, wave load, hydrodynamic pressure.
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Panh gia kha niang ng dung hé thong diau giéng ngam
thi cong bang gian khoan tw nang cho cac moé dau & khi
khai thac tan thu, mo can bién tai ving nwé’c nong
ngoai kho'i Viét Nam
Nguyén Trong Tai 1*, Triéu Hung Trwong 2, Nguyén Tran Tuln 2,
Trwong Van Tuw?

1 Céng ty Zarubezhneft EP Vietnam B.V., TP. H6 Chi Minh, Viét Nam
2 Trwong Pai hoc Mé-Dia chdt, Ha Noi, Viét Nam

Tom tat

Theo ddnh gid tiém ndng ddu khi tai cdc bdn tring trén thém luc dia Viét Nam, nhin chung cdc nhdn
dinh cho rdng khéng con nhiéu nhitng cdu tao ddu & khi 1ém trén thém luc dia cé thé phdt trién theo
phwong dn phdt trién mé thong thwong dé dat hiéu qud kinh té cao. Do vdy, céng tdc nghién cteu trng
dung cdc phwong dn ky thudt méi dp dung cho céng tdc phdt trién mé nhdm b sung va duy tri sdn
lwong ddu & khi la nhiém vu cdp thiét nhdt trong giai doan hién nay. Trong diéu kién hién nay, ddnh
gid téng thé vé tinh hiéu qud ctia dw dn phdt trién mé ddu khi dwa trén cdc yéu té bao gom diéu kién
tw nhién, diéu kién dia chdt, trir lwong ddu khi thu hdi va sy bién dong ctia gid ddu trén thé gici thi
hai (02) phwong dn kinh té & ky thudt co tinh khd thi cao nhdt dé b6 sung va duy tri sdn lwong ddu
& khi bao gébm: phwong dn phdt trién cdc mé cdn bién trong diéu kién nwdc néng; va tién hanh céng
tdc tham do/khai thdc mé réng cdc cdu tao méi tai cdc dw dn dang khai thdc bdng cdch ting sé
lwong giéng khoan dan day dé két néi vao gian khai thdc/gian xw ly trung tdm (CPP) hién hiru. Bai
viét ddnh gid tiém ndng va dé xudt gidi phdp st dung hé théng ddu giéng & cdy théng khai thdc ngdm
thi céng bdng gian khoan tw ndng dé phdt trién cdc mé cdn bién va cdc mé dang khai thdc trong dé
cdc cdu tao méi ndm cdch xa gian CPP trong diéu kién nwéc néng nham gidm chi phi thi céng ciing
nhw tdng hiéu qud cua todn b dw dn.

Tir khéa: diu giéng ngdim, viing nwéce néng, cdy thdng khai thdc, OPEX, CAPEX.

1. Gidi thiéu chung

Khai niém “ving nwéc néng” trong tham do, khai thac dau khi dwgc dinh nghia dwa trén
tinh chat cong viéc cta tirng linh virc khac nhau, do vay trong pham vi bai viét nay, ving nwéc nong
dwoc xac dinh bé&i kha nang thyc hién cac hoat dong khoan & hoan thién cda gian khoan tw nang
(jack up rig) vi gia tri an toan cda chan gian dat 1,5 m. Théng thwong do sdu nwée bién toi da tai
vung mo6 khoang 110 m - 115 m. S& di gia tri d6 sdu nay nho hon théng s6 1am viéc thwec té cta cac
gian tw nang ba&i vi kha nang lam viéc phu thudc vao gia tri dd lun ctia chan gian trong qua trinh
thi cong, trong d6 gia tri do lan chan gian trén cac bé dau khi trén thém luc dia Viét Nam c6 thé
dao dong trong khoang 3.0m - 23.0m tly thudc vao tinh chat dat da day bién cta tirng khu vuec.

V&i viéc khai niém nhw trén cé thé thiy cadc mé dau & khi dang khai thac va nhirng mé dau
& khi c6 tiém ndng phat trién trong twong lai & viing nwéc ndng chti yéu phin bo tai cac bon triing
Ctru Long, bon triing Nam Coén Son, bon triing Ma Lai Thé Chu va bén triing Song Hong. Sw phan
b6 cac vung mo dworc thé hién nhw Hinh 1.

Tai cac bon triing nay, cic mo6 dau & khi ¢ trir lwong 16n dwoc phat trién va khai thac trong
thoi gian dai bang phwong 4n ki thuat thong thwong véi ciu tric hé théng thiét bi gdm gian khai
thac & xtr Iy trung tdm (CPP) va cac gian khai thac c6 dinh khong trang bi hé théng x ly dwoc két
ndi véi CPP bang hé théng dwong 6ng ngam. Cac giéng khoan khai thidc dugc khoan dinh
hwéng/khoan ngang tir gian khai thac c6 dinh dén cac ciu tao & vi tri c6 khodng cach bé mat t6i
da trong khoang 4,5 km.

*Tdc gid lién hé
E-mail: tai.n.trong@gmail.com
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Hinh 1. Bdn dd phdn 16 ddu khi Viét Nam.

Theo danh gi4, tiém ndng dau khi tai cac bon triing trén thém luc dia Viét Nam dén thoi
diém hién tai khong con nhiéu nhirng ciu tao diu & khi 16n phat trién theo phwong an ky thuit
thong thwong dat dwoc hiéu qua kinh té cao do trir lwong tai chd /trir lwong thu hdi khdng 1om, chi
phi phat trién bao gdbm chi phi khoan, xay dung két ciu ha ting cao dan dén gi4 tri hién tai rong
(NPV) cta dv 4n khong dat nhw ky vong. Do vay, phwong an gia tang san lwgng dau & khi cling can
thay doi trong d6 can tip trung vao cac yéu to sau:

* Tién hanh thdm do/khai thic mé rong cic ciu tao mdéi tai cic dw 4n dang khai thac bang
cach ting s6 lwong giéng khoan dan day va xay dwng hé théng dwong 6ng ngdm két néi vao CPP.

* Xy dung phwong an phat trién cdc mo cin bién trong dé &ng dung cac bién phap ky
thuat méi, pht hop véi diéu kién tw nhién va diéu kién dia chit ciia ving mé dé gidm chi phi xay
dung c& s& ha ting (CAPEX).

Mot trong nhirng giai phap giam chi phi khoan va xiy dung két ciu ha ting la str dung hé
théng dau giéng & ciy thong khai thac ngdm thi cdng bang gian tw nang (jack up rig) da dugc ap
dung tai nhiéu dw an trén thé gidi, tuy nhién phwong an nay chwa dwgc thuwe hién tai Viét Nam.
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2. Nhirng han ché cua phwong an phat trién thong thwong
2.1. Tham do /phdt trién mé réng cdc cdu tao méi tai cdc dw dn dang khai thdc

Doi véi cac du dn dang khai thac c6 san lwong dang trén da suy giam, cdc phwong an ky
thuat dwoc xem xét nham bd sung san lwong khai thac bao gom:

- Khoan b6 sung cac giéng khoan xién dan day tir gian cé dinh (CPP) déi v&i treong hop cac
cdu tao nam trong ban kinh c6 thé thi céng khoan theo phwong ngang (théng thwdng gia tri nay
trong khoang 4-500m).

- Do hoat dong kién tao, cac d6i twong khai thac ciia mot cdu tao trong viing mé nam & cac
vi tri cdch xa nhau do vay cin khoan thim do / thAm lwong cic ciu tao cé tiém ndng ndm ngoai
pham vi ban kinh c6 thé thi cong giéng khoan xién. Lap dit gian dau giéng nhe (chi c6 hé thong
dAu giéng & Xmas Tree va két ndi vé gian CPP bang hé théng dudng 6ng ngam).

Phwong an ky thuit nay dwoc dwoc 4p dung & hau hét cac du an khai thac dau & khi tai
Viét Nam. Tuy nhién, né ciing ton tai nhitng han ché vé ca yéu t6 ki thuat 1an tinh hiéu qua ctia dw
an, trong dé co thé ké ra:

- Mot so gian khai thic da du s6 lwong giéng trén template nén dé khoan mot giéng mdi,
mot trong cic giéng dang khai thac sé phai dwoc hiy va khoan sidetrack sang ciu tao méi; diéu
nay sé lam giam lgi nhuan vi san lwgng khai thac bi gidm cung véi chi phi cho céng tac thi cong
khoan.

- Cac giéng khoan dan day phat trién thwong c6 goc 1éch 16n, hinh dang giéng khoan phirc
tap dan dén thoi gian thi cong kéo dai, mirc d6 rii ro cao cho cic sw ¢d nhu: ket b6 khoan cu / 6ng
chéng dan dén phai hiy giéng khoan va khoan giéng méi, ting chi phi cia dw 4n

- Sau mdt thoi gian khai thac, cac via chiva dau & khi bi suy gidm ap suit dan dén gia tri 4p
suit v via giam. Hién twong nay dan dén nhitng rdi ro phun trao, mat dung dich 4nh huéng 1on
dén qua trinh thiét ké, thi cong khoan.

- Chi phi c6 dinh dé xay dwng gian dau giéng m&i (CAPEX) cho cac giéng phat trién ciu tao
mé&ilén dan dén NPV ctia dy &n gidm (sé dworc xac dinh cu thé trong phén sau).

Thoi gian cho cac cong tac chuin bi sn xudt, 1ap dat gian c6 dinh dai dan dén thoi gian first
gas/oil kéo dai.

2.2. Phdt trién cdc mé cdn bién trong diéu kién nwéc néng

Doi véi cdc mo cin bién, cac yéu té anh hwdng dén tinh hiéu qua cta du a4n bao gom trir
lwong thu hoi, diéu kién dia chit, diéu kién ty nhién tai ving mo va chi phi khoan & xay dung co
sé& ha ting. Cac ving mé c6 diéu kién khac nhau sé c6 phwong 4n phat trién khac nhau dan dén chi
phi phat trién khac nhau, vi viy khi trir lwgng thu héi dwoc xac dinh thi yéu t6 chi phi CAPEX va
OPEX la yéu t6 quyét dinh. Trong dé, phwong an phat trién théng thwong sé 4p dung véi nhirng
han ché nhw sau:

* M6 cin bién c6 phwong an phat trién doc lap: Trong diéu kién cac doi twong khai thac
clia mot ciu tao trong viing moé & cac vi tri cAch xa nhau ndm ngoai pham vi ban kinh c6 thé thi
cong giéng khoan xién thi phwong &n xay dwng cac gian khai thac CPP va gian nhe dwoc xem xét.
Tuy nhién chi phi clia dw 4n qua lén s& din dén khai thac khong c6 hiéu qua.

* M0 cén bién dwoc phat trién dwa trén co sé ha tAng ving mo lién ké: Trong diéu kién nay
cac ddi twong chinh sé dwoc lwa chon dé xay dwng gian nhe va dau & khi sé dwgc dAn dén CPP mé
lién ké bang hé thdng dwong 6ng ngdm. Tuy nhién, ddi véi cdc mo co trir lwgng thu hdi khong 16n
thi chi phi xay dung gian nhe lam gidm hiéu qua cta dw an.

3. Phwrong an st dung hé thong diu giéng ngam cho cac moé diu & khi viing nwwé'c néng

* Diéu kién dia chdt

Cho dén giai doan hién nay, cong nghé m&i nhat ap dung cho cac thiét bi 1am kin trong qua
trinh két ndi hé thong treo & day bién 1én dén thiét bi trén bé mat chwa dap ng dwoc yéu cau ddi
véi diéu kién nhiét do cao, ap suit cao (HTHP) do vay hé thong diu giéng ngdm cho cdc mé nwéc
nong chi ap dung cho cac ciu tao c6 diéu kién: Ap suat day giéng P < 10,000psi, nhiét d6 day giéng
T <150°C

* Diéu kién tw nhién
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Nhw da dé cip & trén, cdic mo6 diu & khi & ving nwéc nong dwoc phat trién dwa trén phwong
an st dung gian khoan tw nang (jack up rig) v&i cac diéu kién nhuw sau:

- P06 siu nuwéc bién khoang 110m (gia tri nay c6 thé thay do6i dwa trén thong sé ky thuat cta
gian khoan va d6 1dn chan gian tai vi tri giéng khoan)

- Vi tri giéng khoan trong vuing ban kinh 10km (gia tri ndy phu thudc vao chi phi wéc tinh
cta hé thong 6ng ngim tir vi tri giéng khoan dén CPP)

* Cdu triic cia giéng khoan tham do/phdt trién

Tuy thudc vao diéu kién dia chat, diéu kién ap suit & nhiét d6 ma ciu truc giéng khoan
dworc thiét ké phu hgp. Tuy nhién, cac giéng khoan tham do / phat trién tai cac bon triing c6 diéu
kién nwéc néng thwong ¢ cdu tric pho bién nhit bao gom:

30”"x20"x133/8"x95/8”x 7" 6ng chong lirng

Ngoai ra, ciu tric cua giéng khoan ciing c6 thé bé qua hodc thém cac cip 6ng chéng. Trén
nguyeén tic thiét ké hé thdng dau giéng ngdm cho viing nwéc ndng, ciu tric giéng khoan sé chi lam
thay d6i ciu tric & qui mo cua hé thong ma khong anh hwdng dén tinh kha dung. Do d6, trong
pham vi bai viét nay sé dé cap dén ciu tric don gidn nhit véi cac cap 6ng chong:

30”"x 16" x9 5/8” x 7" 6ng chong lirng

Stk dung hé théng treo thiét bi tai ddy bién (MLS) cho giéng khoan tham do

Trong giai doan tham do cac cdu tao m&i trong viing mo, dé tiét kiém chi phi khoan va phat
trién, cin xem xét ké hoach chuyén giéng khoan tham do thanh giéng phat trién véi phwong an st
dung hé thong treo thiét bi tai day bién MLS (mudline suspension system) sau khi hoan thanh thi
cong giai doan tham do.

Thiét ké va thi cong hé thong treo thiét bi tai day bién dwoc ap dung c6 thé mé ta so bd bao
gbm cac budc theo Bang 1:

Bdng 1. Khdi qudt cdc bwéc céng viéc thi cdng hé théng treo.

1. Khoan 36” chéng 6ng 30” 2. Két hop sir dung dau giéng & BOP trén
bé mat

Lip dit Casing Head Lip dit BOP

Casing Head

30" casing 30" casing
16" casing

30" LP Housing
=

Déy bién

3. Thi cong cac cong doan 9 5/8” & 7” 4, Thu hoi hé thong thiét bi bé mit

Seal Packoff

95/8" casing hanger

135/8" HP Housing
RT & Tieback

135/8" HP Housing

Seal Packoff
95/8" casing hangor

Dy bién

135/8" HP Housing
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5. Lap dit hé théng bao vé MLS

135/8" WPS

Seal Packoff
95/8" casing hanger

13 5/8" HP Housing

Day bién

* St dung hé thong ddu giéng & cdy thdng khai thdc ngdm
D&i v&i giéng dwoc treo trong giai doan tham do, cong tac két ndi va lap dit dau giéng ngam
& ciy thong khai thac dwogc thiét ké véi 6 budce tiép theo nhw Bang 2:
Bdng 2. Cdc buéc cong viéc ldp ddt diu giéng ngdm va cdy théng khai thdc.

6. Thu hoi hé thdng bao vé 7. L3p dat két cAu dan hudng

Bang diéu khién
béng ROV

Seal Packoff

95/8" casing hanger K&t c&u din huéng

135/8" HP Housing

9 5/8" casing hanger

135/8" HP Housing

8. Thi céng hoan thién giéng 9. Lap dit cay thong khai thac

Két cdu diin huémg

San khoan

Hé thdng thiy lyc
diéu khién van

Tubing hanger

95/8" casing hanger
135/8" HP Housing

Khéa cay théng

Umblical

Déy bién

Texs Deck ——

Pay bién
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10. Lap dit khung bao vé ciy thong khai thac

Khung bao vé

K&t c3u di3n huéng &
dau ndi 6ng ngam

Cay thong khai thac

30’ LP Housing

D6i vi cac giéng phat trién, cong tac thi cong khoan dwoc thuwe hién véi hé thdng dau giéng
ngam bao gdbm hé théng LP Housing, HP Housing va hanger dén buéc s6 6 sau d6 1ap dat cay thong
khai thac nhw qui trinh trén.

* Cdu triic ctia viing mé st dung hé théng ddu giéng & cdy théng khai thdc ngdm

V@ co ban, ciu tric cua ving mé st dung hé thong dau giéng & ciy thong khai thic ngdm
trong diéu kién nwéc néng twong tw véi ving nwde sdu. Cac giéng khoan dwgc bé tri trén co s&
danh gia trir lwong va vi tri ca cac ciu tao diu & khi. Cé 3 dang ciu tao chinh dwoc tiét ké va thi
céng bao gom (Hinh 2, hinh 3 va hinh 4):

Hinh 2. Cdu tric giéng khai thdc don.

C4u tric giéng khai thac don nhw hinh 2 thwong ap dung trong truedrng hop cic ciu tao dau
khi c6 trit lwong nho, sit dung mot hé thong dwong 6ng ngdm két ndi vé gian khai thac trung tim
hoac gian nhe.

Hinh 3. Cdu triic cum giéng khai thdc.
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Trong treong hop cdu tao dau & khilén hodc cac ciu tao nam & vi tri twong d6i gan. C6 thé
thi cong khoan bang cich st dung subsea template hodc vi tri doc 14p khoan qua hé théng
cantilever cda gian tw nang.

Hinh 4. Cdu tric chubi giéng khai thdc.

Ap dung cho ciu tao dau & khi 16m hodic cum cu tao. Cac giéng khai thac dwoc khoan nhidu
vi tri khac nhau va dwoc két ndi t&i mot cum phan dong sau d6 két ndi vé gian khai thac trung tim
(CPP).

* Panh gia hiéu qua ky thuit & kinh té

Hé théng dau giéng ngadm 4p dung cho vung nwéc ndng da duoc thiét ké va thi cong bang
gian tw nang st dung tai mot s6 ving mo 16n trén thé gi¢i nhw vinh Mexico, NorthSea va Bién Den.
Trong d6 cac dw an nay déu cho thiy hé théng dap rng dwoc yéu cau vé hiéu qua ca vé ky thuit
14n kinh té.

Doi v&i cac dw 4n diu & khi tai Viét Nam trong tinh hinh hién nay, 4p dung phwong an st
dung hé théng dau giéng ngdm dé tham do/phat trién nhdm bé sung san lwong khai thac cho cac
mo dang trong giai doan suy giam hoc phat trién cdc mo cin bién trong diéu kién nwéc ndng, hiéu
qua k¥ thuat va kinh té dwoc xac dinh nhw sau:

a. Hiéu qua ky thudt

- Rut ngén thoi gian cho dong dau / khi dau tién: Ngay sau khi FDP (Field Developmen
Plan) dwoc phé duyét b&i cic co quan chirc nang, du an sé budrc vao giai doan chuin bi ho so moi
thau - ky hop ddng - sdn xuit - ban giao & lip dat thiét bi.

V&i du 4n 4p dung phwong 4n phét trién thong thwong, thoi gian chuin bi va lap dit gian
khai thac trong khoang 24-30 thang, thoi gian khoan va hoan thién trong 3 thang, nhw viy tong
thoi gian khi dw 4n dwgc phé duyét dén dong dau khi dau tién khoang 27-33 thang. Ciing c6 thé ap
dung phuwong 4n khoan bang cach st dung dé dinh vi giéng khoan dwéi day bién trwdc khi lap dat
gian dAu giéng nhe dé rat ngan thoi gian thi cdng, tuy nhién phwong an nay phai kéo dai do thoi
gian chdr 1ap ddt gian dau giéng sau d6 kéo gian khoan tw nang quay lai két ndi va hoan thién giéng.
Ngoai ra phwong dn nay rui ro cao trong céng tac dinh vi gian khai thac vao dé dinh vi giéng khoan.

Trong khi d6 4p dung phwong an st dung hé théng dau giéng ngdm cho ving nwéc ndong
c6 thé cho dong dau / khi d4u tién khoang 14-16 thang sau khi dw 4n dwgc phé duyét. Nhw vay vé
co ban, 4p dung phwong an nay sé rat ngan thoi gian cho dong dau /khi dau tién khoang 12-17
thang tuy vao qui mo cua dw an.

- C4u tric cia ving mo

D&i véi cac mé bao gbm nhiéu ciu tao ndm cach xa nhau trong pham vi 8-10km c6 trit
lwgng khong 1én thi ciu tric cua ving mé st dung hé thong giéng don hodc cum giéng khai thac
stt dung diéu khién thuy lwc truc ti€p 1a phwong an van hanh don gidn nhit. Trong d6, d6i véi cac
ciu truc moé dang cum giéng khai thac cé thé st dung gian jack up va di chuyén cantilever dé
khoan/hoan thién khéng cin phai di chuyén va dinh vi gian nhiéu lan.

Ngoai nhitng wu diém trén, ap dung phwong dn du giéng ngdm nwéc néng cho phép tin
dung khai thac nhitng cu tao riéng biét nam trong viing mé khai thac nhwng qui dao giéng khoan
khong thé tiép cin tir gian khai thac. Piéu nay gitp nang cao san lwgng khai thac cling nhw tinh
hiéu qua cta toan bo dv an.

- Gidm rui ro trong qua trinh thi cong khoan
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Thiét ké cac giéng khoan tai cac vi tri sit dung hé théng dau giéng ngdm cho ving nwéc
ndng c6 ciu truc giéng khoan va qui dao don gian, han ché di qua cac viung cé diéu kién dia chit
phtrc tap. Do viy qua trinh thi cong khoan cac giéng khoan st dung gian tw ning sé giam thiéu cac
rui ro nhu ket bd khoan cu & 6ng chdng va rat ngan thoi gian thi cong.

b. Hiéu qua kinh té

* Gidm chi phi thi cong khoan

Doi véi phwong an phat trién thong thwdng, do cac gian ¢6 dinh nhe c¢é hé thdng dau giéng
dwoc lap dit trén bé mit nén mat san sé duoc thiét ké véi dd cao trén mat nwdce bién c6 thé hoat
doéng trong diéu kién bio. Do viy, yéu ciu d6 dai chan cua gian khoan tw nang dé thi cong cao, tir
d6 yéu cau thong s6 ki thuat gian cao hon dan dén gia thué theo ngay (USD/day) s& cao hon. Trong
khi d6, str dung hé théng dau giéng ngim sé s dung gian cé théng s6 ky thuit thap hon cho nén
gia thué theo ngay gidm.

Theo két qua khdo sat thi treong gian tw ning hién nay, gia thué cda gian c6 do dai chan
gian 477ft thap hon 517ft (va 1én hon) khoang 10% - 20%

Ngoai ra, khi 4p dung phwong an st dung dau giéng ngam, thiét ké ciu tric giéng khoan
don gian hon cho nén thoi gian thi cong rat ngan, thong thwong khoang 5% nén chi phi thi cong
khoan ciing giam twong (rng.

* Gidm chi phi CAPEX

Tuy thudc vao qui mé cua tirng dw an sé cho chi phi CAPEX khac nhau. Tuy nhién, doi véi
cac dy &n thim do /phat trién mé rong cic ciu tao méi tai cac dw 4n dang khai thac va phat trién
cac mo can bién, cac chi phi sau sé giam:

- Hé thong dau giéng/ciy thong khai thac ngdm & hé théng dwong 6ng két ndi dén CPP: chi
phi bao gdm thiét bi vadn hanh va ca thué tau rai dng sé thip hon chi phi thiét ké, xay dung va lap
dat gian khai thac c6 dinh dang nhe.

- Khong trang bi hé thdng dau giéng / ciy thong khai thac trén bé mat

- Chi phi cho cac dich vu hd tro bao gom tau dich vy, cin cit hiu can, van chuyén, xuit nhap
khau

* Gidm chi phi OPEX

Chi phi OPEX ctia dw an vé co ban bao gom cac hang muc nhw thué tau bao vé, duy tu, bao
dwdng hé théng thiét bi va gian khai thac, khao sat dinh ky. Do viy phwong an st dung hé thong
dau giéng ngadm co thé giam chi phi cho cac hang muc sau:

- Khong stt dung chi phi bdo duéng thiét bi bé mat hang ndm nhw gian khai thac ¢é dinh

- Chi phi logistic bao gébm tau dich vy, nhan sw cho cong tac bdo dwéng, stra chira cac hang
muc thiét bi trong sudt doi mo thap hon gian khai thac c6 dinh

Tuy nhién, chi phi stra giéng va can thiép giéng sé cao hon do phai huy déng gian tw nang
dé thwc hién méi mot nhiém vu stra giéng riéng 18.

Du vy, so sanh tdng thé thi phwong an st dung hé thong dau giéng ngdm c6 OPEX thip
hon hé thong gian khai thac c6 dinh dang nhe. So sanh chi phi OPEX va ca dw an dwoc thé hién nhw
Bang 1

* Hiéu qud kinh té ctia dw dn

Doi véi cac dy an diu & khi trén thé gidi cling nhw & Viét Nam, hiéu qua kinh té dwgc danh
gia dya trén gia tri NPV ctia toan b dy an.

Ngoaira, can ctr vao két qua danh gia tiém nang dau khi trén thém luc dia Viét Nam, phwong
an st dung hé théng dau giéng ngam dé phat trién moé dau khi trong twong lai thwong dp dung véi
cac mo c¢6 quy mo khong 16n do vay gia tri NPV ¢ vai tro quan trong trong viéc quyét dinh trién
khai dw an.

Trong pham vi ctia bai bao, tac gid danh gia hiéu qua kinh té dwa trén chi phi du tinh cho
mot dw an khi tai Viét Nam véi cac hang muc chinh dwgc mo ta chi tiét trong Bang 3.
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Bdng 3. Khdi qudt chi phi cho m¢t dw dn khi tai Viét Nam.

Mo ta chi phi Chi phi dung gian khai | Chi phi dung dau giéng /
thac c6 dinh dang nhe | ciy thong khai thac ngim
(M USD) (M USD)

Chi phi khoan & hoan thién giéng 124.5 118.0

Chi phi thiét ké & xay dwng gian cd 51.5 0

dinh (01 gian)

Chi phi hé théng dau giéng/ciy thong 1.5 2.8

khai thac

Chi phi 6ng ngdm & hé théng diéu 90.5 95.0

khién va tau rai Ong

To6ng chi phi CAPEX 288.0 260.3

Chi phi OPEX & Stra giéng 415 181

Tong chi phi dw 4n 703 441.3

Ghi chu:

Cac chi phi néu & bang 1 cho dy an & trén dwgc gia dinh trén co s& nhw sau:

- Chi phi wéc tinh cho mdi hang muc dwa trén gia tri trung binh cta cac dw 4n c¢6 hang muc
twong tw tai Viét Nam

- Chi phi dwgc du toan véi dw an c6 qui mo nhw sau: 4 giéng khoan khai thac véi thiét ké
doi mo trong thoi gian 15 ndm; Khi khai thac dwoc van chuyén vé gian khai thac trung tm (CPP)
v&i khodng cach 30km; San lwgng khai thac gidm dén trong 15 ndm v&i tong san lwgng 6500 triéu
m3; Gia khi dw tinh 14USD/MMBTU

Gia tri dong tién thu vé sau cia nha diéu hanh khi da khau trtr cac chi phi cho cac bén lién
quan va nwéc chi nha va cac loai thué, phi cé lién quan: 852M USD

- Gia thanh dich vu dy tinh dwa trén gia thi tredng nam 2023.

- D8i véi mdi dw an cu thé, chi phi dw tinh sé dwoc tinh toan chi tiét véi mire gia dich vu duw
tinh tai thoi diém thwe hién dw an

Gia tri NPV du tinh cho dw an dwoc xac dinh nhw Bang 4.

Bdng 4. Gia tri NPV dw tinh cho 1 dw dn khi tai Viét Nam.

Mo ta Gian Kkhai thac cd dinh dang | Pau giéng/ciy thong Kkhai
nhe (M USD) thac ngam (M USD)
NPV 149.0 410.7

Can c vao bang du tinh NPV cho hai phwong an ta thiy v&i cing san lwong khai thac thi
phwong an st dung hé thong dau giéng/ciy thong khai thac ngdm c6 tong chi phi thdp hon do vay
gia tri NPV cao hon so véi phwong an str dung gian khai thac c6 dinh dang nhe.

4. Kétluan

Dwa trén cac danh gia trit lwgng dau khi trén thém luc dia Viét Nam cho dén thoi diém hién
nay, cling nhw sw bién dong cia thi treong cung ing cac dich vu lién quan dén cong tac thim do &
phét trién mo dau & khi. Vi nhirng hiéu qua vé ky thuit & kinh té da dwoc danh gia so bo déi voi
cac phwong an phat trién mo tai Viét Nam va két qua chirng minh tinh hiéu qua tai mot sé dw an
trén thé gi¢i thi phwong an 4p dung hé thong dau giéng/ciy théng khai thic ngdm trong phwong
an tham do/phat trién mo tai ving nwéc nong 1a phwong an kha thi ddi véi cdc mo co tinh chit
nhu sau:

- M6 dang khai thac va c6 ké hoach bé sung san lwong bang cac giéng khoan thim do, thdm
lwgng mé rong trong do6 cac cau tao cach xa gian khai thac trung tam.

- M6 cin bién c6 diéu kién tw nhién phu hop véi phwong an thi cong st dung gian khoan tw
nang.

Tuy nhién, trong qua trinh xay dung phwong an phat trién mo, nha diéu hanh can lwu y mot
s6 vin dé lién quan dén hoat dong cua giéng khai thac bao gom:

- Panh gia tinh trang, vi tri cac ciu tao dé€ lwa chon phwong an xac dinh ciu tric ving mé
nham t6i wu hda cdng tac van hanh ciing nhw chi phi CAPEX.
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- Lwa chon nha cung cép thiét bi, dich vu c6 dd nang luc, kinh nghiém thi céng cac du an
twong tw

- banh gia cac phwong an ky thuit va thiét bi sir dung cho cong tac can thiép giéng va sira
giéng dé giam thiéu rui ro cling nhw gia thanh cta dy an.

St dung cac sd liéu trong qua trinh khai thac dé cip nhéit thoi gian khai thac cta tirng ciu
tao riéng biét tir d6 c6 phwong an mé giéng hop ly.

Tai liéu tham Khao

Guillaume Duriez, Lyes Labou, Guillaume Turquet (2014). Shallow Water Subsea Production
Systems. The 4thTunisian Oil & Gas.

Jerry Streeter (2013). Shallow water subsea systems improve NPV. Offshore Engineer Magazine.

Westwood Global Energy Group. Global Offshore Rig Dayrate Forecast Figures: 2ZH 2022-2H 2027.
RigLogix, Westwood Analysis.

ISH Markit (2022). The Vietnam General Oil & Gas map. Update October 2022/VN22E2GEN.

ABSTRACT

Evaluation of the applicability of subsea wellheads
running by jack up rig for oil and gas exploitation
projects in shallow water offshore Vietnam

Nguyen Trong Tai'*, Trieu Hung Truong?, Nguyen Tran Tuan?, Truong Van Tu?

1 Zarubezhneft EP Vietnam
2Hanoi University of Mining and Geology

In the current overview of oil and gas production in Vietnam, it is evident that certain major oil and
gas projects, responsible for large-scale operations and supplying the primary oil and gas production
in the continental shelf of Vietnam, are entering a declining production phase. This not only affects
national energy security in general but also the efficiency of each specific project. Consequently, the
research and application of new technical solutions for supplement and maintain oil and gas
production become the most critical tasks in the current phase. However, based on the assessment of
the oil and gas potential in the basins on the continental shelf of Vietnam, not many major offshore
oil & gas prospects can be developed using conventional methods to achieve high economic efficiency.
Therefore, two development concepts with the highest feasibility, both economically and technically,
are the development of marginal fields in shallow water conditions; and the execution of
exploration/production activities in new prospects at existing production projects by drilling
additional infill wells and connecting to the central processing platform (CPP). The article evaluates
the potential and proposes a solution using subsea wellheads & christmas trees, operated by jack-up
rigs, to develop marginal fields in shallow water conditions; and existing oil and gas fields with
potential prospects located far from the CPP. This approach aims to reduce operational costs and
enhance the overall efficiency of the project

Keywords: subsea wellheads, shallow water, christmas trees, OPEX, CAPEX.
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Nghién ctru ap dung tri tué nhan tao ho tro ra quyét
dinh tach phao neo va tau FSO-Queen bé Nam C6n Son,
ngoai khoi Viét Nam

Nguyén Hai An'*, Nguyén Dinh Tuin2, Nguyén Van Thinh3

1Téng Cong ty Tham do Khai thdc Ddu khi (PVEP), Viét Nam
2Téng Céng ty C6 phdn Vdn tdi Ddu khi (PVTrans), Viét Nam
3Khoa Ddu khi va Ndng lwong, Trwdng Pai hoc Mé-Pia chdt (HUMG), Viét Nam

Tom tat

T6 hop tau chira ddu FSO-Queen va phao neo CALM déng vai tro quan trong trong qud trinh khai
thdc, thu gom, xt¢ ly va vdn chuyén ddu khi 6 mé Pai Hung thuéc bé Nam Cén Son. Dén nay, té hop
nay da dwoc vdan hanh an toan va hiéu qud véi trén 50 triéu thung ddu tho trong diéu kién nwéc sdu,
xa bo. Tau chira ddu duoc két néi véi phao CALM bdng hai ddy budc tau cé strc chiu tdi 200 tdn méi
ddy théng qua hé théng neo thdo ldp nhanh (quick realease mooring) véi téng trong tdi 400 tdn. Khi
tdi trong ctia ddy budc tau dat ngwérng quy dinh theo tiéu chudn tdch tau thi tau chira ddu phdi dwoc
tdch ra khéi phao CALM trdnh bi dirt cdc xich neo, thdm chi ditt dwong 6ng mém vdn chuyén dau.
Mdc du vdy, tir khi dwa vao st dung (1994) hé thdng xich neo phao bi dirt 6 ldn lam dnh hwdng lon
dén qud trinh khai thdc ctia cum mé. Gidi phdp ldp ddt cdc sensor ghi nhdn cdc théng s6 ky thudt két
hop véiviéc trng dung thudt todn Al sé gitip hé tro thuyén trudng dwa ra quyét dinh tdch Phao CALM
va tau FSO mét cdch kip thoi, chinh xdc, gidm thiéu cdc sw cd trong qud trinh vdn hanh thiét bi. Gidi
phdp nay hoat déng tét ngay cd khi cdc dir kién vé théng sé do dac truc tiép tir méi trwdng xung
quanh gdp khé khdn, thdm chi trong cdc diéu kién bién déng, khéng cé tham sé thoi tiét. Két qud
nghién cttu cé thé dwoc xem xét dé dp dung cho cdc tau FSO cé diéu kién vdn hanh twong tw nhw &
bé Nam Cén Son.

Keywords: Tau chiva ddu FSO, Phao neo CALM, BE€ Nam Cén Son, Tri tué nhdn tao (Al).

1. Gidi thiéu chung

M6 dau khi Pai Hung nam tai Block 05-1a, b&€ Nam Con Son, thém luc dia Viét Nam, cach b
bién Viing Tau khoang 250 km (Nguyen Hai An, 2018; Nguyén Vin Thinh et al., 2018). V&i d6 sdu
nwdce bién tai mo khoang 110 mét (Binh Nguyen Thi Thanh et al., 2007), hé thong thiét bi khai thac
hién c6 tai mo6 Pai Hung bao gom: gian khai thac néi (FPU-DH-01), cac giéng ngam dwoc két noi
v(&i gian bang hé théng dwong 6ng ngdm ndi mo, cdc cum phao trung gian, phao neo tau dau (phao
CALM) va tuyén dwong 6ng ngdm xuit dau tir gian FPU-DH-01 dén tau chira dau (FSO) va gian
khong c¢6 ngudi van hanh truc tiép WHP-DH-02 véi 07 giéng dang khai thac. Dau va khi khai thac
tlr cac giéng ngdm dwoc dwa 1én gian FPU-DH-01 qua cidc dwong 6ng mém dwong kinh 75 mm. Dau
sau khi tdch nwéc va khi sé dwoc chuyén bang hai dwong 6ng mém ngam dudng kinh ngoai 06”
(Export flowlines t&i tau chira FSO-Queen (Nguyén Vian Thinh et al., 2018). Tau chira (FSO) dwoc
neo vao phao CALM (Catenary Anchor Leg Mooring buoy) bang day cAp mém (Mooring Hawsers).

Gian khai thac ban chim FPU-DH-01 dugc git thing bang b&i hé thong Ballast va ¢6 dinh
bé&i hé théng 4 cum toi neo va 8 xich, mi toi c6 2 xich. Hé thdng xich neo chiu tai trong 1én duoc
thiét ké 8 diém dé thich hgp véi viéc 1 xich bi dirt ma khéng lam qua tai cac xich con lai va dé€ han
ché tau bi tréi dat. Cac xich c6 dwong kinh 98 mm c6 chiéu dai 1150 m bam chat xuéng day bién
bang cdc mé neo Stevshark 37 tan. Thiét ké strc cang t6i thi€u d€ lam dit xich 12 10.600 kN. Trong
trwong hop gian FPU-DH-01 di chuyén khdi vi tri, cac xich neo sé& dwoc cit va dit xudng dudi day
bién.

Tau chira dau (FSO Tanker) vira la kho chira dau thé da dwoc khai thac vira la mot bén xuat
dAu ctia mé Dai Hung. Tau chita ddu dugc két ndi véi phao CALM bang hai day budc tau cé strc

*Tdc gid lién hé
Email: annh1 @pvep.com.vn
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chiu tai 200 t4n moi day, phu hop cho tau chita c6 tai trong toan phan 1én dén 250.000 tin v&i
chiéu cao t6i da séng 5,5m va dwoc trang bi hé théng tach nhanh (quick realease mooring) khi ¢
yéu cau. Khi tai trong ciia diy budc tau dat nguwéng quy dinh theo tiéu chuin tach tau thi tau chira
dAu phai dwoc tach ra khéi phao CALM.

Phao CALM dwoc dung dé€ neo tau chiva FSO trong qua trinh san xuit diu thd tai mé Dai
Hung va dwoc neo cach gian FPU-DH-01 2,0 km. Phao CALM Ia phao dwoc hoan cai tir phao
Hamilton-2 CALM buoy, c6 dwong kinh 17m, chiéu cao 21m. Phao CALM dwoc neo ¢ dinh tai vi
tri thiét ké véi 08 dwong neo chia déu cho tdm hudng. Cac xich neo sau khi 13p dit co sttc cing la
290 KN va goc xich 1a 56+/-3 do. Tat ca xich neo dwoc c6 dinh trén phan bé (Skirt) ctia phao béi
co cdu hdm xich 76mm (Chain Stopers). Cac dwong neo bao gom: diy xich dwong kinh 76mm
NVK4 RIG va 87mm ORQ v&i chiéu dai téng thé mot dwong 1a 750m. Neo st dung 1a loai neo c6
d6 bam cao 20 tan Stevpris.

Hé théng 6ng ngam chuyén dau (Export Flowlines) bao gom hai dwdrng 6ng ngdm mém
xuat dau (Export Flowlines) 06” dwgc dan tir gian DHO1 qua phao trung gian (Mid Depth Buoy) va
dwoc noi véi phao CALM béi hé thong 6ng clrng ctia phao qua khép néi Frame Connector. Ciu tao
nay cho phép phao CALM trong khi dao dong do tac dong ctia dong hai lwu khong lam hw hdng
dwong 6ng ngdm mém.

Hé thong 6ng néi chuyén dau (Import Floating Hose String) gobm cic dng ndi c6 dwong kinh
gidm dan tir 20 inch xudng dén 6 inch. Pau 20 inch dwoc két néi véi phao CALM qua J-tube. Dau 6
inch két ndi véi dwdng 6ng nhap (import manifold) clia tau chira dau bang Cam-lock diéu khién
thiy lwc. Trén hé théng dudng 6ng nay dwoc lap dit cum thiét bi Marine Break-away Coupling c6
chirc nang tach roi khi dwong 6ng chiu tai trong vwot mirc cho phép. Khi bi tach roi hai dau
coupling sé& tw déng lai nham muc dich han ché lwong diu tran thip nhat.

Hé thong diéu khién toi neo dwoc lap dit va van hanh tir nam 1974 béi hang AEG, st dung
cong nghé diéu khién bang Thyristor, SCR (Silicon-controlled rectifier) va cdc bo mach diéu khién.

Quy trinh vin hanh hé théng phao CALM - FSO Disconect Criterial:

- Theo ddi dé tach tau FSO khéi phao CALM duwa trén sirc cang diy neo (mooring hawser)
gitta tau FSO va phao CALM;

- Tau FSO sé dwoc tach khoi phao CALM véi thir tw wu tién (i) Tesion load; (ii) Offset; (iii)
Weather;

- Khi chi s6 chi strc cang day budc tau (tesion load) dat 150 tdn hodc /va vi tri Phao CALM
1éch so véi vi tri thiét ké (offset) 27 m hodc/va thoi tiét xAu dat ngwdng thi can phai tién hanh tach
phao CALM khoi tau FSO-Queen dé dam bao an toan cho hé thong thiét bi.

Cac xich neo gitt phao CALM khong c6 hé thong do tai trong do d6 khong nhén biét truwdc
dworc lwe cang xich va chi s6 canh bdo. Ngoai ra, yéu t6 thoi tiét thue té ngoai mo chwa cé hé théng
do trwc ti€p ma chi yéu dwa vao kinh nghiém van hanh cda gian truéng

M6 Pai Hung 1a mé nam & khu vuc c6 thoi tiét di thwdng dic biét trong cira s6 thoi tiét mua
mua bao cudi ndm thwong c6 gié mua déng bac (dic biét thang 12 va thang 01 hang nam). Do diéu
kién an toan, khéng dé strc cang ctia diy neo tau FSO vao phao CALM vwot qua gidi han cho phép
150 tin. Khi vegt qua gi¢i han nay phai tach tau FSO khdi phao CALM, lic nay qua trinh khai thac
sé phai dirng lai. Thoi gian gidn doan san xuit clia hé thdng nay thwdng 1a 8-10%, cao hon han so
v&i cdc mo khac chi véi 2-3%. Tir khi dwoe dwa vao st dung (1994) cho dén nay, hé thong xich neo
phao CALM di bi ditt trén 6 1an va can phai thay thé xich méi. Pac biét, vao thang 01/2011: xich
neo No 01, No 02 & No 08 bi ditt va gy hw hong 02 dwong 6ng mém xuit dau da lam gidn doan
san xuit véi thoi gian 6 thang.

Do viéc dirt xich phao CALM thwong xay ra, viéc phat hién bang mit thwong trong mot s6
trwong hop khong kip thoi gy hw héng 6ng din diu nén viéc tim ki€m giai phap thong minh va
hiéu qua nham giup ngwoi van hanh sém phat hién d4u hiéu kha ndng dit xich va tién hanh tach
tau FSO kip thoi, gidm thiéu dit cac xich ti€p theo cling nhw dwdong 6ng export.

Céng tac trong van hanh moé chwa dp dung yéu to céng nghé hién dai (thu thap dir liéu tw
doéng, tri thong minh nhén tao...) vao kiém soat vin hanh khai thic. Viéc danh gia va dwa ra quyét
dinh tach tau chu yéu dwa vao kinh nghiém cida gian trwdng, chwa c6 nhitng phén tich danh gia s6
liéu lich st @€ dwa ra cac quyét dinh tirc thoi. Do d6 viéc tim gidi phdp ning cap thay thé hé thong
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cli 12 rat can thiét, nhiam dam bao an toan trong van hanh gian, dé dang thao tac cho ngwoi st dung,
dé dang stra chira 16i va san c6 spare part d€ thay thé néu cé sw c8 xay ra, dac biét 1a phuc vu qua
trinh thao tach va két noi gian FPU-DH-01 khi gian di dai tu.
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Hinh 1. Hé théng phao CALM.
2. Giai phap canh bao s¢m va hé trg’ quyét dinh

Hé thong canh bao dwoc trang bi thém hé théng dinh vi vé tinh, st dung nhw 1a mot thiét
bi canh bdo hiru hiéu dé phat hién sém sw dich chuyén qua mirc ctia phao CALM so véi vi tri thiét
ké ban dau cling nhw canh bao viéc tau chiva dau tién lai gin phao CALM qua mic cho phép. Khi
bao déng dwoc kich hoat gian trwdng gian FPU-DH-01 sé quyét dinh tinh huéng xtr Iy va cudi cung
la ngwng san xudt, tich tau dé ddm bdo an toan cho hé thdng phao CALM.

Yéu cdu ky thudt ctia hé théng:

- Theo ddi online lién tuc vi tri cia phao CALM, truyén tin hiéu hién thi trén hé théng theo
doi gan trén gian FPU-DH-01 va tau chitra dau FSO-Queen;

- Canh bao bang tin hiéu va Am thanh khi vi tri phao CALM dich chuyén khéi viing gi¢i han
27 m;

- Theo ddi va so sanh tham chiéu khodng céch gira tau chira va phao CALM gitip tau c6 sw
can thiép kip thoi, tranh xay ra sw ¢6 tau FSO va cham v&i phao CALM,;

- Canh bao bang tin hiéu va 4m thanh khi khoang céch gitta tau chita va phao CALM gidm
téi mic gidi han 65m;

- Van hanh theo Quy trinh “Disconect Criterial” theo thit tw wu tién: (1) Tesion load; (2)
Offset; (3) Weather;

- Linh dong diéu chinh gidm lwc cing: theo quy trinh la 150 tdn tuy nhién tuy theo diéu kién
thoi tiét va kinh nghiém van hanh cda gian tredng ma sé xac dinh luc cing dé ra quyét dinh tach
tau.

Nén tdng gidi phdp: Phan mém Canh b4o sém va hd tro ra quyét dinh dwoc phat trién dwa
trén rng dung phwong phap Phéan tich tién doan (Predictive Analytics) gom cac buéc dwoc tién
hanh nhw trong Biéu d6 phan tich tién doan (Hinh 2) va c6 thé khai quat thanh cac buéc sau:

Bwéc 1: Xac dinh cac van dé, dwa ra Bao cdo;

Bwdc 2: Thu thap, xtr ly dir liéu ghi nhan;

90



Bwére 3: Danh gia va xay dwng cac md hinh: xay duwng bang diéu khién va theo doi, lap danh
sach cac tinh huéng dw bao;

Buwdrc 4: St dung kién thirc: xay dwng kich ban mé phong, ng dung két qua mé phdng.

Phwong phap Phéan tich tién doan gitip lam gidam chi phi nghién cu cling nhw gidm thiéu
rui ro c6 thé gap phai bang cach dwa trén dit liéu lich si, k&t hop nhiéu méi twong quan giita cac
nhan t8, hod tro cho viéc dwa ra quyét dinh. Trong thoi ky gia dau gidm, viéc tng dung phan mém
dwa trén phwong phap phan tich tién dodn sé mang lai nhiéu gia tri kinh té cho cong tac san xuit
trén gian khoan. Viéc nghién ctru 4p dung thanh cong cho phan mém canh bio sé'm sé la bwéc dém
cho viéc trién khai cho dw 4n dai han vé viéc canh bio nguy co rui ro trong qua trinh san xuit cho
cac gian FPU-DH-01 va WHP-DH-02.

MO PHONG
Nhirng gi SE c6
kha ning xay ra?

Nh'DUB‘l:\gth” e
irng gic & >
x3dy ra? ban
mo
& phéng
-
(2] GIAM SAT
“_E Nhirng gi dang Danh
=% X3y ra? sach
<«O- <
Q duw bao
PHAN TiCH Bang
Tai sao xay ra? dieu
khién
- S& liéu
BAO CAO thé
Pa xay ra cai gi ? OAng
ké
THAP Gia tri kinh t& CAO

Hinh 2. Biéu do phdn tich tién dodn.
Ky thudt gidi phdp: M6 hinh quy trinh nghiép vu

Erg ire Control Unit

Phin mEm tiehhgp

- X

JH g (J} o B

Bio cdo phin tich

FREn méEmcanh

Hinh 3. M6 hinh quy trinh nghiép vu phdn mém Cdnh bdo sém cho thiét bi phao CALM.
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CA4u trac hé théng canh bdo sém dwoc dé xuit dwoc mod tad nhw Hinh 4.

FLC2

Dieu khien mo (FLC) »
Huong di dat

- Huong di thu
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in | ’( ;‘ | out >/ l

LA =i ' den(s)
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P E

Ar %
La ban L num(s) J
den(s)

Tau mau

Outt In1

Hinh 4. M6 hinh hé théng xdy dwng trén Simulink.

S0 liéu dau vao trong viéc ra quyét dinh tach Phao Calm va tau FSO:

+ Tension Load: lyc cdng gitta tau FSO va Phao CALM qua hé thong ddy mém neo tau
Mooring hawser.

Yéu ciu: Cap nhat thong sé kj thuat hién thi tir hé thdng do (Load cell) trén mooring hawser
va truyén tin hiéu vé phong x Iy trung tam (CCR) trén tau FSO méi 30 phut/lan.

+ Offset: Hé thdng dinh vi Phao Calm.

- Dich vu dinh vi vé tinh cho hé théng Phao Calm, khi Phao Calm bi 1éch khai vi tri thiét ké
27 mét thi can phai tach tau.

- Yéu cau: K&t ndi truc ti€p hé théng nay vao Ung dung.

+ Weather data: sd liéu thoi tiét mo.

- Weather forecast: cung cdp b&i nha thau phu Furgo: 2 1an/ngay; Thoi gian dw bao cho 5
ngay ké tiép.

- Real weather: Han ché vé co s& ha ting trong thu thap dir liéu truc tiép thoi tiét tai mo;
S6 liéu chi yéu thuc hién dwa trén kinh nghiém cua gian truedng.

B0 ho tro cdnh bao ‘md’ (FLSD - Fuzzy Logic Support Decision).

Cac thuit toan trén co s& diéu khién mo (FLC) (Zadeh, 1965), trén co s& mang noron (Bui
Cong Cwong, Nguyén Dodn Phuéc, 2001), cac thuat todn trén co sé luat di truyén (GA), cac thuat
toan dwa trén co s& moé hinh du bao (MPC) la nhirng thuét todn rat quen thudc trong ly thuyét diéu
khién hién dai, thudc 16p cac thuit toan diéu khién thong minh. Kha nang va hiéu qua trong viéc
giadi quyét cac bai toan diéu khién phirc tap & ching chinh la ddc tinh théng minh cta cac thuit
toan nay. Vi du FLC c6 kha néang giai quyét cac bai toan phirc tap, c6 tinh phi tuyén hodc thdm chi
nhitng bai todn c6 mo hinh bat dinh (Zadeh, 1965). Ching giai quyét bai toan thong qua mo ta bai
toan (cac tinh hu6éng) khong phai bang cic cong thirc phirc tap ma bang cac bién ngit trén co s&
cac ménh dé dang if..then don gian mang tinh wéc lwgng.

Cac hé thong m¢ da dwoc chirng minh 1a cong cu quan trong giai quyét dwoc nhiéu bai toan
v&i md hinh phirc tap, ma viéc ap dung cac phwong phap kinh dién khac khé cé co hdi thanh cong.
Pa c6 nhiéu linh virc khac nhau rng dung ky thuit mo tir y hoc dén quan ly, tir ki thuit dén khoa
hoc hanh vi, tir diéu khién phwong tién dén ngén ngit tinh toan, v.v.

Muc tiéu ctia giai phap la cdnh bao dé thuyén truwdng gitr cho khoang cach giira tau FSO va
phao CALM trong nguwdng an toan. Dwa trén tin hiéu dau vao la sai léch (e) gitra hwéng troi thuc
va nguwdng dat va vi phan sai léch (de/dt) cho bdé cdnh bdo md. Piu ra cia bd Canh bdo sém sé dé
xudt cho thuyén trwdng vi tri banh 1ai 1énh tuyét déi cung téc doé chuyén dong.
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Kha nidng tinh toan va xit Iy song song cac s6 liéu vao ra, kha ning tw hoc dé hoan thién tinh
nang cia ching la mét trong nhitng diém manh dé giai quyét cac bai toan da bién phirc tap. Tw duy
cda thuit toan diéu khién trén co sé dw bao theo mo hinh 1a tw duy ki€u nhin xa tréong réng, kiéu
tw duy mong mudn du doan truéc dwoc hanh vi cia ddi twong & twong lai nham kiém soat hanh
vi cta tau FSO mot cach t6t hon v.v.

Bdng 1. Ludt hop thanh bé cdnh bdo mo (Nguyén Hivtu Quyén et al,, 20321).

de/dF= AL | AT | AN | K DN | DT | DL
AL AL | AL | AL | AL | AT | AN |K

AT AL | AL | AL | AT | AN |K DN
K AL | AT | AN | K DN | DT | DL
DT AN | K DN | DT |DL | DL | DL
DL K DN | DT |DL | DL | DL | DL

Theo Bang 1, ta thdy c6 4 bd canh bdo md c6 tin hiéu vao 1a e, de/dt c6 bién ngdn ngir dwoc
chon nhw sau:

Trong d6 AL: am lén; AT: am trung binh; AN: am nhé; K: khong; DN: dwong nhé; DT: dwong
trung binh; DL: dwong I16n... vé gia tri khi thwc hién canh bao, néu sai s6 qua 16n thi hé thong sé
phat tin hiéu cdnh bao va coi d6 1a sai s6 1én. Thong thwong lwa chon AL 1a -10 d6; DL 1a +10 dé;

Twong tw, dau ra ciia bo canh bao la B véi gia tri dé hé thong dap rng nhanh thwong chon
ALla-22,5 d6 va DL la +22,5 d6. Viéc chon 7 bién ngdén ngir giip cho hé thong lam viéc c6 do tac
dong nhanh hon, nhwng ciing lam cho hé théng tré nén phirc tap hon va doi hoi phin clirng thuc
hién thudt toan phai dap rng duorc.

Luat hgp thanh dwoc chon theo bang 1 trén diy, phwong phap gidi mo trong tim véi thiét
bi hop thanh 1a MAX-MIN.

Giao dién dashboard: Giao dién Bang diéu khién gitip kiém soat cac thong sé lién quan va hd
tro quyét dinh tdch phao CALM. Thuat ngit giao tiép tiéng Anh, than thién, dé st dung va c6 cac
tinh nang m& cho giai doan tiép theo.

+ Kha nang m& rong : Phin mém c6 thé dwoc phat trién thanh &ng dung st dung trén dién
thoai di dong, may tinh bang.

+ Kha ning diéu chinh: C6 thé thay d&i tinh ning va cac hing sd theo quy dinh ctia yéu cau
thay doi.

+ D0 tin cly: Dir liéu c6 thé dwoc lwu triv nhw lich sit; c6 thé sao lwu (backup)

+ Kha nang chiu dung: Di¥ liéu sé dwoc giri tw dong sau 10 phut trong treong hop két néi
yé&u; Ho tro ché do offline va tw dong ddng bo hoa dit liéu ngay khi ¢ két ndi Internet

* Két qua:

B

®
K
&

W

Hinh 5. Giao dién va cdc théng sé ddu vao ctia chwong trinh.
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Calmbuoy Information

North

cB's Linit A East
R Nl Lat 8°28'32.87
i Long 108°41'23.77

Bearing 64

Distanc 5.7

Tanker Information

Hinh 6. Théng sé truc tuyén ctia phao CALM va tau FSO.

Giao dién trén nén tang web da dwoc xay dung nhw trén cic hinh 5 va 6 dap &ng day du
yéu cau hién thi thong s6 va dir liéu vé thoi tiét trong khu vuc cling nhw vi tri tuyét d6i cia phao
CALM, tau chtra. Hinh 5 hién thi cic théng s6 dau vao cho mé hinh dv bdo, trong dé cac théng s6
thoi ti€t nhw hwdng va toc do gid, chidu cao séng dwoc cip nhat theo thoi gian thuc sau moéi giyr
véi s6 liéu dwoc tiép nhan tir cc tram do thay vin trong khu vue.

Thoéng tin tir cAc cdm bién, da 13p dit tai cc vi tri theo thiét k&, dwoc chuyén vé thiét bi
trung tdm thu thap tai gian DH-01 va tir d6 dwoc hién thi trén man hinh theo so d6 mé phdong. Tt
cac s6 liéu dau vao, phan mém dwoc xay dung trén co s& cac thuit toan dw bao dé tinh toan, danh
gid phan tich va dwa ra cic canh bao ngay khi phat hién cic méi nguy hiém theo cac tiéu chi da
thiét 14p. Dac biét trong cac canh bio 1a quyét dinh tach tau FSO-QUEEN khoi hé théng tranh giy
dit cap neo hodc thAm chi lam héng dwong 6ng mém dan diu sang tau chita.

3. Thao luan, danh gia

Trong béi cdnh hién nay, khi nganh c6ng nghiép dau khi ngay cang chu trong dén viéc tdi
wu hda qua trinh van chuyén va xtt ly dau thd tir cAc cum mé nam siu dudi day bién, viéc nghién
ctru va ap dung cac phwong phap tién tién 1a cwc ky quan trong. Trong khuén kho nghién ciru nay,
chung tdi tAp trung vao t6 hop thiét bi dic biét quan trong trong chudi cung (rng dau khi bién - t&
hop tau chira diu va phao neo, ddc biét la trén gian Pai Hung, thuéc khu vuc bién Nam Con Son.

V&i chiéu sdu muwe nwée bién 1én dén 110m, gitra cac diéu kién nwéc sdu va xa bo, hé théng
nay da chirng minh sy an toan va hiéu qua qua thoi gian, quan ly va van hanh béi ddi ngii chuyén
gia ngwdi Viét Nam. Vi hon 50 triéu thung dau thd dwoc xi 1y, t6 hop ndy khong chi la biéu twong
cho swthanh cong trong quan ly nguén lwc ddu ma con la mot thach thirclién tuc d6i véi cac chuyén
gia do cac sy c6 dot ngdt xuat hién, dac biét la trong viéc tach tau chira dau ra khoéi phao neo
(CALM).

Mic du hé théng neo CALM dwoc Ky vong gitr chat tau va phao lai mot cach an toan, thuc
té da chi ra nhirng vin dé nghiém trong, dic biét 1a v&i sw co dirt xich neo xay ra da dén 6 lan, gy
anh hwdng khéng nhoé dén qua trinh khai thic va san xuat. Vi vy, dé giai quyét vin dé nay mot
cach hiéu qua, nghién ctru nay dé xuit 4p dung tri tué nhan tao va thuit toan téng hop théng tin
tlr cac sensor dé tdi wu hoa quy trinh tich tau chira dau va phao neo.

Cin thiét c6 phin mém canh bao sém nhirng hw hong c6 kha nang xay ra dé kip thoi bao
dudng, sita chira, tranh tinh trang phai dirng hoat dong cta ca hé thong do hw hong dot xuit cua
thiét bi cling nhw ning cao tudi tho.

Giai phap Canh b4o sém cho thiét bi phao CALM: diy 1a phAn mém nham gitup doi ngii van
hanh trén gian DH-01 c6 thé danh gia tinh trang van hanh cta phao va ciu tau FSO hién c6 nham
duw bdo hw hdng, c6 co s& kip thoi dé 1ap ké hoach bdo dwdng ciing nhw stra chiva, dw tru vat tw
thay thé.

*Uu diém:

- Bdo mét: user/pass dé dang nhip
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- Theo dai cac dir liéu lich st hién tai, du bdo thoi tiét cing v&i cac canh bao vé cac nguwdng
téi han qua mau sac hién thi trén biéu do.

- Ghi lai nhatky cong viéc xtr 1y lién quan dén quyét dinh tich phao CALM va/ hoic cic cong
tac trén gian/ tau trong ngay.

- Cac dir liéu sé dworc hién thi truc ti€p va dwgc theo doi lién tuc tir trung tAm trong dat lién
dén ngoai gian DH-01 va tau FSO-Queen.

- Hé théng sé phat ra cac canh bao ngay khi phat hién mdi nguy tir cac cdm bién va dir liéu
thoi tiét truyén ve.

- Nhép liéu dwoc thiét ké dé dir liéu dwoc cap nhat tw dong tir trung tim dw bao thoi tiét va
cac cdm bién dwoc dat truc ti€p tai phao CALM.

* Han ché:

- Khoéang cach xa nén anh hwdng chat lwvong dwong truyén mang tir ngoai khu viee mé DH
ve bo, dac biét trong giai doan thoi tiét x4u.

- Nhép liéu: Cac s6 liéu dang dwoc nhap thi cong: weather forecast, daily report, GPS.... gidi
phéap nhép liéu tw dong sé dwoc trién khai & giai doan tiép theo trén co s nang cip thiét bi.

4. Kétluan

Hé thong phao neo CALM ddng vai tro quan trong trong viéc gitr 6n dinh cta tau FSO noéi
chung va FSO-Queen & bé Nam Con Son néi riéng. Trong thwce té hoat dong da xay ra nhirng van
dé nghiém trong, dic biét la sw c¢6 dirt xich neo gy anh huwdng khéng nho dén qua trinh khai thac
dAu khi trén bién. Tai bé Nam C6n Son da ghi nhén 6 Ian sw c6 dit xich neo 1am anh hwéng nghiém
trong dén qua trinh van hanh ctia tau FSO-Queen. Viéc ap dung cic thuit toan trén co sé& diéu khién
mo (FLC) két hop véi cac thuét toan trén co s& luat di truyén va cac thuit toan dwa trén co sé mo
hinh dy bao (MPC) da mang dén sy thanh cong trong viéc canh bao sém cho ngwdi diéu khién tau
FSO ra quyét dinh nham gitt khodng c4ch an toan gitra tau FSO va phao CALM. Nghién ctru nay da
dé xuit gidi phap ap dung tri tué nhan tao va thuit toan tong hop théng tin tir cac sensor dé toi wu
héa quy trinh tach tau FSO va phao neo. Két qua nghién ctru cho thiy viéc 4p dung thanh cong bd
cong cu canh bao sém nhitng hw hdng c6 kha nang xay ra dé kip thoi bao dwdng, siva chira, tranh
tinh trang phai dirng hoat déng ctia ca hé thong do hw hong dot xuit cling nhw nang cao tudi tho
thiét bi c6 y nghia quan trong. Viéc 4p dung thanh céng gidi phap Canh bio sé'm cho thiét bi phao
CALM da gitp doéi ngti van hanh trén gian DH-01 c6 thé danh gia tinh trang vin hanh cta phao va
cau tau FSO hién c¢6 nham dw bao hw hdng, c6 co sé kip thoi dé 1ap ké hoach bao dwdng cling nhw
sita chita, dw tru vat tu thay thé.
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ABSTRACT

Research on applying artificial intelligence (Al) to
support decision making on disconnecting the FSO-
Queen from CALM buoy at Nam Con Son basin, offshore
Vietnam

Nguyen Hai An' *, Nguyen Dinh Tuan?, Nguyen Van Thinh3

1 PetroVietnam Exploration Production Corporation (PVEP), Vietnam
2 PetroVietnam Transportation Corporation (PVTrans), Vietham
3 Faculty of Petroleum and Energy, Hanoi University of Mining and Geology, Vietnam

The complex oil tanker (FSO-QUEEN) and mooring buoy (CALM) facilities play a vital role in
producing, gathering, processing, and storing oil and gas at Dai Hung field in the Nam Con Son basin.
This complex has been operated safely and effectively with over 50 million barrels of crude oil in deep
water and offshore conditions. The oil tanker is connected to the CALM buoy by two mooring lines
with a load capacity of 200 tons each through a quick-release mooring system with a total tonnage
of 400 tons. When the ship's mooring line load reaches the prescribed threshold according to ship
separation standards, the oil tanker must be separated from the CALM buoy to avoid breaking the
anchor chains or even breaking the oil transfer hose. However, since it was put into use (1994), the
buoy anchor chain system has broken six times, significantly affecting the field oil production rate.
The solution of installing sensors to record technical parameters combined with the application of
Al algorithms will support the captain in making the decision to separate the CALM buoy and the
FSO vessel in a timely and accurate manner, minimizing incidents during equipment operation. This
solution works well even when direct parameter data measured from the surrounding environment
are difficult, even in rough sea conditions, without weather parameters. The research results can be
considered to apply to FSO vessels with operating conditions similar to those in the Nam Con Son
basin.

Keywords: FSO, CALM buoy, Nam Con Son Basin, AL
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Giai phap lam sach dworng 6ng vin chuyén dau khi tir
cac gian co dinh (MSP) dén gian cong nghé trung tam
tai mo Bach Ho trong giai doan suy giam san lwong

Hoang Anh Diing", Vii Cic Phwong
Trwong Pai hoc M6 - Dia chdt (HUMG), Ha Néi, Viét Nam

Tom tat

Hé théng dwdng 6 ong ngdm vdn chuyén ddu khi tai mé Bach H6 dd cé thoi gian st dung gan 40 nam.
Truéc ddy, trong qud trinh van chuyén dau khi trong khu vire ngi mé thi hén hop sén phdm khai thdc
tugzeng dwa Ién dd dwoc ap dung ddng bé nhiéu gidi phap cong nghé va ky thudt nhw tdch cdc thanh
phdn dadu, khi va nwéc riéng thanh tirng pha dong thoi s dung héa chdt, siv dung phu'o'ng phdp gia
nhiét,... tai cdc gian MSP truéc khi dwa xudng du'o'ng ong ngam nhdm ndng cao hiéu qua vdn chuyen
ddu khi trong du'o'ng ong Tuy nhién, trong glal doan cudi cta qua trinh khai thdc ciia mé Bach HG,
do sdn Iuo'ng va dp sudt suy gidm, do ngap nwéc cao nén cdc gidi phdp trén sé khéng dem lai hiéu
qud kinh té vi sdn lwong ddu khi trén cac gian suy gidm khéng du lvu lwong chdy trong dwong 6ng,
cho nén dé dam bdo ché do dong chdy trong tuyén éng chiing ta phdi bom hon hop ddu nwéc di cting
de”n gidn céng nghé trung taém dé xi ly. Do dd, tinh trang Io"ing dong parafin va mudi bén trong dwong
ong ngay cang nghlem trong. bé khdc phuc hién twgng nay thi giai phdp dinh ky phdng thoi PIG dwoc
trién khai trén tdt cd cdc gian cd dinh MSP dang khai thdc ddu khi da mang lai hiéu qua kinh té va
pht ho'p v&i diéu kién thuec tién trong qud trinh van chuyén ddu khi bang dwong éng ngdm tai khu
vwre mo Bach HG trong giai doan hién nay.

Ttr khéa: Pworng 6ng ngdm, Phéng PIG, Ldng dong paraffin, Ldng dong mudi.

1. Tong quan vé cong tac thu gom vin chuyén diu khi & mé Bach Ho

Quaé trinh thu gom san pham khai thac & mé Bach H6 dwoc tién hanh nhw sau: Sdn phim
khai thac trén cac gian nhe BK-1, BK-2 va BK-3 dwoc dwa vé gian cong nghé trung tim sé 2 (CTP-
2) dé tach khi va tach nwéc. Sau d6 dau da dwoc tach khi va nwéc dwge bom dén kho néi chira-
xuat dau s6 1 (UBN-1) “Ba Vi”, mOt phan theo chu ky dwoc chuyén di UBN-4 “Vietsovpetro- 01”.

Viéc thu gom san pham tai cac gian c6 dinh (MSP) mo Bach H6 dwoc thwc hién nhu sau:
Trwdc day dau tir cac gian MSP phia Bac (MSP-3,4,5,6,7,8) dwoc bom theo tuyén dudng 6ng MSP-
7— MSP-5-MSP-3—-MSP-4—-MSP-8 qua MSP-1, BK-2 va gian 6ng ding CTP-3 sang UBN-4
“Vietsovptro-01". Sau khi dwa tuyén dwong 6ng boc cdch nhiét tir MSP-4—MSP-9 vao lam viéc, viéc
thu gom dau trong ndi mé c6 sw thay doi. Hon hop diu bdo hoa khi dwgc van chuyén tir MSP-
6—>MSP-4, sau khi tach khi cung vé&i san phdm ctia MSP-4 dwgc bom sang MSP-9 theo tuyén éng
MSP-4—MSP-9. Cling dén MSP-9 con c6 san phdm da tach khi cia MSP-3,5,7 va MSP-10,11. Ttr
MSP-9 dong san pham sé di theo tuyén 6ng MSP-9—CTP-2 sau d6 dwoc dwa dén UBN-1 “Ba Vi".
San phdm cua MSP-1 va BK-7 dwgc tach khi trén MSP-1 sau d6 dwoc bom truwc ti€p dén UBN-1.
Vao cudi thang 4 nam 2006 sau khi xay ra su c¢6 v& dwdng 6ng dan dau tir MSP-3—-MSP4, viéc thu
gom dau trong khu virc n6i mé da cé sw thay déi. Hon hop dau bao hoa khi tir MSP-6 dwoc van
chuyén sang MSP-4 dé tach khi cing v&i san phidm trén MSP-4, sau d6 dwoc bom sang MSP-9 theo
tuyén dwong 6ng MSP-4—MSP-9. Hon hop dau bao hoa khi tir MSP-7 dwoc van chuyén sang MSP-
5 dé tach khi. San phadm ciia MSP-5,7 sau khi tach khi ciing véi sdn phdm ctia MSP-3 dwoc bom qua
MSP-9 theo tuyén dwong 6ng MSP-5-MSP-10—-MSP-9, sau d6 cung v&i san phadm da tach khi cia
MSP-9,10,11,4 va MSP-6 dwoc van chuyén dén CTP-2. San phdm ctia MSP-8 sau khi tach khi dwoc
bom vé MSP-1, cung vé&i san phdm ctia MSP-1 chuyén sang CTP-3 dé xi ly sau d6 bom sang UBN-
4 “Vietsovpetro -01” (Téng Cang Son, Lé Pinh Hoe, 2015).

Hé théng dwong 6ng ngadm van chuyén dau khi tir cac gian ¢ dinh MSP dén gian cong nghé
trung tdm s6 2 (CTP-2) mo6 Bach H6 da c6 thoi gian st dung gin 40 nam. Truéc diy, trong qua
trinh van chuyén dau khi trong khu virc ndi mé thi hén hop sdn phdm khai thac tir giéng dua lén

* Tdc gid lién hé
E - mail: hoanganhdung @humg.edu.vn
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Hinh1. Sor d6 vdn chuyén ddu khi tai mé Bach Ho.

da dwgc ap dung dong bo nhiéu gidi phap cong nghé va ky thudt nhw tach cac thanh phan dau, khi
va nuwdce riéng thanh tirng pha, dong thoi ¢6 thé sir dung hoa chit, sir dung phwong phap gia nhiét,
...VV... tai cac gian MSP trudc khi dwa xudng dwdng ng ngdm nham nang cao hiéu qua van chuyén
dAu khi trong dwong 6ng (Ha Manh Hai, 2018).

Tuy nhién, trong giai doan cudi ctia qua trinh khai thac cia mé Bach Ho, do san lwong suy
gidm, d6 ngap nwdc cao, ap suit ciia dong sdn pham khai thac gidm nén cac gidi phap trén sé khéng
dem lai hiéu qua kinh t€ vi san lwgng dau khi trén cac gian suy gidm khong da lwu lwong chay
trong duong 6ng, cho nén d€ dam bao ché dd dong chay trong tuyén 6ng chung ta phai bom hon
hop dau nuéc di cung dén gian cong nghé trung tAm dé xir ly. Chinh vi hén hgp sdn phdm dau khi
khong dwoc xtr Iy so bo trén gian dan dén tinh trang ling dong parafin va mudi bén trong dudng
dng trong qud trinh van chuyén ngay cang nghiém trong. P& khic phuc hién twong nay thi giai
phéap thwong xuyén phong thoi PIG da mang lai hiéu qua kinh té va phu hop véi diéu kién thuc
tién trong qua trinh van chuyén dau khi bing duwdng 6ng ngam tai khu virc mé Bach Hé trong giai
doan hién nay. Cho nén, trén tit ca cac gian c6 dinh MSP dang khai thac dau khi tai mé Bach HG
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déu duoc trién khai t6 hop thiét bi phdng thoi PIG dé lam sach dwong 6ng ngadm khi van chuyén
hén hop diu khi tir cAc gian MSP dén gian CTP-2.

2. Phwong phap phéng PIG dé lam sach dwong 6ng ngidm van chuyén diu khi trén day bién

Hinh 2. Con thoi (PIG) va bé phdéng con thoi.

Phong thoi (PIG) dé lam sach parafin va cac cdn mudi bam trong dwong 6ng sau mot thoi
gian khai thac nhit dinh la mét gidi phap mang lai hiéu qua kinh té trong qua trinh khai thac va
van chuyén dau khi bang dudng 6ng ngdm dudi day bién. Dic biét trong giai doan cudi cia qua
trinh khai thac tai mé Bach Ho thi giai phap phéng thoi (PIG) to ré tinh wu viét va pht hop véi diéu
kién thwc té vi cac gidi phap cong nghé nhw tach pha, str dung hoéa chat, sir dung phwong phap gia
nhiét, ...vv... déu khong mang lai hiéu qua kinh té. D& thwc hién phéng PIG ta cin c6 t6 hop thiét bi
hé tro bao gdm: Bé phdng, PIG, hé théng cac van va ap luc ctia bom.

Bé phong chinh 1a noi PIG dwgc dwa vao dwong 0ng, ciu tric va kich thwéc cia PIG twong
dwong v&i kich thwdc dwong 6ng van chuyén diu khi. D€ thuwe hién qua trinh phéng thoi lam sach
dwong dng thi PIG sé dwoc dat & trong miéng cua dwdng dng trén cic gian MSP hodc cic gian nhe
BK, sau d6 cac van trén bé phong sé dwoc khda lai, dong san phim sé dwgc bom vao hé théng

Hinh 3. Quy trinh phdng PIG.

phoéng PIG véi 4p sudt 1on ddy PIG di vao doc theo chiéu dai cia dwong 6ng dé 1am sach toan bo
tuyén 6ng van chuyén diu khi (Tran Xuan Hoang, 2021).

Hién nay, c6 rat nhiéu ching loai PIG khac nhau dwoc str dung dé lam sach dwong 6ng bao
gom: PIG dang hinh vién dan, PIG dang dia, PIG dang chdi thép (Le Viet Dung, 2022).

Hinh 4. Cdu tao cua PIG dang hinh vién dan.
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Hinh 5. Cdu tao ctia PIG dang dia.

Hinh 6. Cdu tao cta PIG dang chéi thép.

Hinh 7. Két qud sau khi phéng PIG.

Hién tai dangla giai doan cudi ctia qua trinh khai thac ddu khi tai mo6 Bach H6, do san lwong
khai thac tlr cic gian suy gidm nghiém trong, d0 ngap nwdc cao, ap suit ciia dong sdn pham khai
thac giam. Trong khi d6 viéc ap dung cac giai phap céng nghé va kj thuit truyén thong nhw tach
pha, st dung héa chit, sit dung phwong phap gia nhiét, ...vv.. khong mang lai hiéu qua kinh té
trong giai doan cudi ctia qua trinh khai thac diu khi tai mé. B&i vi, do san lwgng dau khi trén cac
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gian suy gidm, néu thwc hién viéc tich pha triét dé€ két hop vdi viéc str dung hda chat hoac gia nhiét
thi pha dau sau khi tach sé khong dui lwu lwong chay trong dwong 6ng ngdm hién cé trong khu vuc
mo, dé dam bao ché d6 dong chay trong ng tai mét s6 gian ¢d dinh MSP hoic gian nhe BK budc
phai str dung giai phap bom hdon hop diu nuwéc di ciing trong dwdng 6ng ngdm dén gian cong nghé
trung tAm dé xtr ly. Chinh vi ly do nay ma tinh trang lang dong parafin va mudi bén trong dwong
dng ngay cang nghiém trong trong giai doan hién nay. P& khic phuc hién twong nay thi giai phap
dinh ky phong thoi PIG dwoc trién khai trén tit ca cac gian c6 dinh MSP va cac gian nhe BK dang
khai thac diu khi d3 mang lai hiéu qua kinh t& va pht hop véi diéu kién thyc tién hién nay tai mé
Bach Hé.

Trwéc day, viéc phong PIG da duoc thwe hién nhwng cling tuy thudc vao diéu kién cu thé
cla tirng gian va tirng dwong éng van chuyén, do dong diu da dwoc tach riéng, dwoc gia nhiét va
bom thém chat phu gia hodc héa chét cho nén dinh ky tir 6 thang dén 12 thang mai tién hanh
phéng PIG mot Ian dé lam sach dwong 6ng. Tuy nhién, trong giai doan cudi ciia qua trinh khai thac
tai mé Bach Ho hién nay nhw da trinh bay & trén thi chi cé gidi phap phéng PIG méi dem lai hiéu
qua kinh t&, do d6 trén cac gian cd dinh MSP déu dwoc lap dit cac tram phong PIG véi tan suit
phéng thudng xuyén hon, dinh ky 2 tudn phéng PIG mot IAn nham lam sach lang dong parafin va
cac mudi bén trong dwong 6ng ngdm van chuyén dau khi tai moé Bach H6, day la giai phap phu hop
nhit nhiam duy tri kha nang van chuyén dau khi trong giai doan cudi clia qua trinh khai thac tai
mo Bach Hé.

3. Két luin

Trong giai doan cudi ctia qua trinh khai thac dau khi tai mé Bach H6, do san lwong khai thac
tlr cic gian suy gidm nghiém trong, dé ngip nwéc cao, ap suit cia dong san pham khai thac giam.
Trong khi d6 viéc ap dung cac gidi phap cong nghé va ky thuit truyén théng nhw tach pha, st dung
héa chat, st dung phwong phap gia nhiét, ...vv.. déu khdong mang lai hiéu qua kinh té trong giai
doan hién nay. Thuc té€ da chirng minh, néu thwc hién viéc tich pha triét dé két hop véi viéc st
dung hoa chit hoac gia nhiét thi pha dau sau khi tach sé khong da lwu lwong chay trong dwong 6ng
ngam hién c6 trong khu viec mo, dé dam bao ché do6 dong chay trong 6ng tai mot s6 gian c6 dinh
MSP hoic gian nhe BK budc phai st dung giai phap bom hén hop dau nwéc di ciing trong dwong
ong ngam dén gian cong nghé trung tAm dé xtr ly. Chinh vily do ndy ma tinh trang lang dong parafin
va mudi bén trong dwong 6ng ngay cang nghiém trong, dé€ khic phuc hién twong nay thi gidi phap
dinh ky phdng thoi PIG v&i tan sudt phong thwong xuyén hon da dwoc ap dung va mang lai hiéu
qua kinh té&, phu hop v&i diéu kién thuc té trong qua trinh khai thac va vin chuyén dau khi trén
cac gian c6 dinh MSP va gian nhe BK trong giai doan hién nay. Gidi phap nay da dwoc trién khai
trén tit ca cac gian c6 dinh MSP v&i viéc 1ap dit cac tram phong PIG va dinh ky 2 tuan phéng PIG
mot lan nhdm 1am sach ldng dong parafin va cdc mudi bén trong dudng 6ng van chuyén dau khi
da mang lai hiéu qua kinh té va kéo dai thoi gian khai thac ca mo Bach Hé trong giai doan hién
nay.
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ABSTRACT

Research on solution to clean oil and gas
transportation pipelines from MSP platforms to
Central Processing Platform at White Tiger oil field in
period of production decline

Hoang Anh Dung®, Vu Cuc Phuong
Hanoi University of Mining and Geology (HUMG), Viet Nam

The subsea pipeline systems transporting oil and gas at the White Tiger oil field has been in use for
nearly 40 years and without insulation. Previously, in the oil and gas transportation process in the
field, the mixture of products from the well was applied synchronously with many technological and
technical solutions such as separating the individual components of oil, gas and water into each
phase, and using chemicals, using heating methods, etc... at MSP platform before sending them to
subsea pipelines to improve the efficiency of oil and gas transportation by pipeline. However, in the
final stage of the production process at the White Tiger oil field, these solutions are no longer effective
due to the decline of production rate and pressure, high level of flooding of the reservoir. That leads
to the production output exploited from wells on the platforms has decreased. It is not enough liquid
flow transporting in pipeline. Therefore, to ensure the flow regime in pipeline, the water has been
injected in to the pipeline and transported with the crude oil to the central processing platform for
treatment. This leads to situation of paraffin and salt deposition inside the pipeline increasingly
serious. To overcome this phenomenon, the Pigging solution has been applied periodically to all of
MSP platforms. This solution has brought high economic efficiency and currently it is considered
suitable for oil and gas transportation by subsea pipeline at White Tiger oil field.

Keywords: Subsea pipeline, PIG launch, Paraffin deposition, Salt deposition.
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