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