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Applying the methods of enhanced oil recovery (EOR) for oil and gas fields
has always many risks of economic and technology because EOR projects
are influenced by many characteristic factors of the reservoir such as
structure of reservoir, reservoir formation, geological properties,
parameters of reservoir engineering, production technology to EOR
application. Some EOR methods have been successfully applied in the
world, but when these methods conduct in specific reservoir with different
geological characteristics, tight production conditions have resulted in
failures and ineffective economic, even caused dreadful aftermath to be
handled in operations. Researches, evaluations and EOR applications in
Vietnam are limited and only carried out on a laboratory scale. Therefore,
the ability to be applied the EOR modern technology with a large scale or
full field still faces many difficulties and the feasibility of projects is not
high enough. The authors have been analysed all EOR projects successfully
that applied many oil and gas fields in the world and then building EOR
database. Based on EOR database, a study has been conducted on
statistical analysis to build EOR screening criteria for reservoir
parameters from past to now. The study also combined in-depth analysis
algorithms such as Fuzzy, K - mean, PCA Artificial Intelligence to screen
the optimal EOR method for sandstone reservoirs of Cuu Long Basin.
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Nghién ctru va 4p dung thuit toan phéan tich chuyén su dé lwa
chon giai phap EOR t6i wu cho cac mé dau khi & Viét Nam

Hoang Long?", Trinh Viét Thang?, Triéu Hung Trwong 3, Nguyén Minh Quy 1, Pham
Quy Ngoc?, Poan Huy Hién?, Hoang Linh!

1Vién Ddu Khi Viét Nam, Ha Noi, Viét Nam

2 Tdp doan Ddu khi Viét Nam, Ha Néi, Viét Nam

3 Trwong Pai hoc M6 - Pia chdt, Ha Noi, Viét Nam

THONG TIN BAI BAO TOM TAT
I?Ilfllgrfrl;’;ih.lB/OZ/Zom Ap dung cdc phuwong phdp nang cao hé s6 thu hoi dau (EOR) cho cdc mé ddu
e khi luén tiém dn nhiéu rui ro vé ky thudt va kinh té do cdc dw dn EOR chiu
Stra xong 29/5/2021 dnh hwéng ctia nhiéu yéu té nhw: cdu tric via chira, thanh hé, tinh chdt dia
Chap nhan dang 20/6/2021 chdt, théng s6 céng ngh_é ma, cong nghé khai thdc, céng nghé ctia phwo'ng
Tir khoa: phap EOR,... C6 mot s6 phu’O'ng phdp EOR da dp dung thanh cong trén thé
Nang cao hé s& thu hdi gidi nhung khi dp dung vao mé cu thé vdi ddc diém dia chdt, diéu klen khai
dau, ' thdc thay déi dé dan dén nhu'ng thdt bai va gay cdc thiét hai nding né vé kinh

té ciing nhw dé€ lai hdu qua ldu dai phaz xw ly trong giai doan sau cia qud
trinh khai thdc. Cdc két qud nghién ctru ddnh gla dp dung phu'o'ng phap
ndng cao hé sé thu hoi dau tai Viét Nam con nhiéu han ché va chu yéu tién
hanh trong quy mé phong thi nghiém. Khd ndng dp dung cong nghé EOR hién
dai trén quy mé cd mé con gdp nhiéu khé khdn va tinh kha thi khéng cao.
Dwa trén co sé dir liéu EOR, nghién ctru dd tién hanh cdc phwong phdp théng
ké dé xdy dung cdc tiéu chi lwa chon EOR cho cdc thong s6 mé tir lich st dén
hién tai. Nghién ctru ddng thoi két hop cdc thudt todn phdn tich chuyén sdu
nhw Fuzzy, K - mean, PCA, tri tué nhan tao dé lwa chon phwong phdp EOR téi
wu cho cdc doi twong trdm tich ctia B€ Ctru Long.

Phan tich chuyén sau,
Phwong phap chuyén gia,
Thuat toan phan cum,
Tiéu chi lwa chon.

© 2021 Trwong Pai hoc M6 - bia chat. T4t ca cic quyén dwoc bao dam.

1. Mé& dau

Trong nhitng ndm gan day, san lwgng khai
thac diu cta Viét Nam dang suy gidm rat nhanh do
mot s6 mo ¢ trir lwong diu khi 16n dang di vao
qua trinh khai thac cu6i doi mo, tin thu khai thac.

*Tdc gid lién hé
E - mail: longh@vpi.pvn.vn
DOI: 10.46326/JMES.2021.62(3a).03

Trong khi d6, s6 lwgng cac moé dau khi méi phat
hién khéng nhiéu va da phan la cic mo cé triv
lwong thu h6i dau khi nhd, cin bién va c6 diéu kién
khai thac khé khdn dan dén dau tw phat trién gip
rui ro cao vé hiéu qua cta dv an. Cac két qua phan
tich va dw bao khai thac cho cac mé dau cho thay,
dén sau nam 2024 san lwong khai thac chi con
khoang 10 triéu tdn/nam va dén nam 2035 la
dwéi 2 triéu tAn/nam néu khong c6 cac mo6 mabi
dwa vao khai thac (Hoang Long va nnk., 2021).
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Do d4, viéc trién khai ap dung cic phwong
phép ning cao hé s6 thu hoi ddu (EOR) trén cac
mo diu khi la van dé rat cip bach hién nay.

Cac nghién ctru trong va ngoai nuwéc déu chi
ra rang 4p dung cac phuong phap EOR trong cac
du &4n EOR trén thé gi¢i ludn tiém an nhiéu rdi ro
vé kinh té va k§ thuét do chiu nhiéu &nh hwdng tir
cAu tric via, dia chat, cong nghé mo - khai thac. Do
dé, viéc tién hanh danh gia, phan tich chi tiét cac
thong s6 ky thuit cia mo6 két hop véi cic kinh
nghiém da ap dung thanh cong thuwc té sé gitp lwa
chon dworc gidi phap cong nghé cé tinh kha thi, phu
hop véi trang thiét bi hién c6 ciia mo, gidm chi phi,
gidm thiéu cac rii ro vé ky thuit khi 4p dung cho
mo diu khi. Ngay trong mot sé6 mé dau khi dwoc
khai thac tir nhiéu doi twong c6 cung ciu tric va
cong nghé khai thac thac nhung tinh chit dia chit,
thach hoc, chatlwu khac nhau ciing s& dan dén viéc
ap dung cac giai phap EOR riéng biét cho tirng doi
twong (Hoang Long va nnk, 2021). Ngoai ra, bai
toan kha thi gitra ky thuit va hiéu qua kinh té phai
dwoc nghién ciu va phan tich déng thoi dé€ dam
bao thanh cong cta dw an.

Nghién ctry, lwa chon giai phap va phat trién
trng dung nang cao hé s6 thu hoi dau 1a mot phan
trong ké hoach phat trién ban dau voi bat ky mot
mo dau khi nao. Trong giai doan thit cap, da s6 cac
mo dau khi déu str dung bom ép nuwéc dé duy tri
ap sudt via va gia tang san lwong khai thac trong
giai doan khai thac tw nhién dau doi mé. Nwéc
bom ép c6 do linh dong cao hon dau via sé c6 kha
ning chay thang tir giéng bom ép dén giéng khai
thac theo cac kénh dan c6 d thdm 16m, hay con goi
la hiéu rng truot swon hodc tao thanh cac ludi
nuéc trong via dau, dan dén dd ngip nuwdc cao
trong cac giéng khai thac va hé s6 dau tan dw trong
vialémn. Ty s6 nwée - dau trong giéng khai thac tang
cao sé lam gidm hiéu qua khai thac dau, tang chi
phi xtr Iy nuwéc khai thac, dan dén khong co hiéu
qua vé kinh t€, dac biét nhiéu giéng phai dirng khai
thac va tién hanh hiy bé giéng. Cac phwong phap
EOR dwoc ap dung dé ning cao lwong dau thu hoi
va gidm do6 ngip nudc cla cac giéng khai thac va
toan bd moé dang khai thac. Lwa chon phwong
phép ning cao hé s6 thu héi phu hop va hiéu qua
gom c6 cac phwong phap chinh nhw: bom ép khi,
bom ép chit luu ddy bang cac t6 hop hoa hoc,
phwong phéap nhiét déu phu thudc hoan toan vao
tinh chat cda via chita nhu cau tric via chira, tinh
chat dia chat, cac théng s6 cong nghé mé, théng s

giéng, cong nghé khai thic va co s& ha ting cta
khu virc mé. D€ danh gia dwoc cac yéu té anh
hwdng dén hiéu qua cda cic phwong phap, cin
tién hanh nghién ctru tir nguyén ly co ban dén chi
tiét cac co ché ctia phwong phap EOR dé c6 thé lwa
chon dwoc gidi phap va cong nghé ap dung hiéu
qua cho cac mo dau khi.

Trong cong nghé dau khi, viéc lwa chon giai
phép EOR t6i wu thong thuong str dung phwong
phap tham khao tir cic m6 da ap dung EOR thanh
cong trén thé gidi, dé tir d6 xac dinh giai phap EOR
tiém nang va hiéu qua cho déi twgng dang nghién
ctru. Trong pham vi bai bao nay nay, dwa trén co
s& dit liéu (CSDL) cta cac dy an EOR thanh cong
trén thé gidi, nhom tac gid da tién hanh phan tich,
danh gia théng ké va st dung cic thuit toan
chuyén siu dé lwa chon céc giai phap EOR t6i wu.
Viéc Iya chon dva trén 3 phwong phap:

i) Phwong phap nghién ctru danh gia thong
thuong véi cac théng s6 via cia moé so sanh véi
bang tiéu chi dwoc thu thap tir CSDL cda cac dy an
EOR da ap dung thanh céng. Phwong phap nay
thuwong dwoc xdy dung trén cac tiéu chi tir CSDL
va so sanh trong so v&i cac thong s6 mo nghién
clry, tir d6 dwa ra phwong phap EOR t6i wu (Taber
vannk, 1997);

ii) Phwong phap chuyén sau dwa trén cac
thuét todn vé hoc mdy, Fuzzy, PCA phén tich ciu
tt chinh, K - mean va clustering dé lya chon giai
phap t6i wu nhat. Cac phan tich va danh gia & trén
cudi cung dwoc sang loc va lwa chon trén cac kinh
nghiém cuia chuyén gia (Zhang, 2015);

iii) Phwong phap chuyén gia dwoc xay dung
dwa trén cac kinh nghiém thuc tién, thong s6 mé
va hién trang thiét bi hién c6 da dwoc s6 héa dé
dwa ra két luin cudi cting cho giai phap EOR t6i wu
(Guerillot, 1988). Cac thong s6 mo cua cac déi
twong thudc tram tich B€ Clru Long da dwoc dwa
vao tinh toan va chay thi nghiém trén cac thanh
cong cu theo phwong phap danh gia thong thuwong,
danh gia chuyén sau va chuyén gia dé lwa chon giai
phap phu hop, t6i wu, ddm bao hiéu qua cho tirng
doi twong ctia tram tich Bé Clru Long. Két qua dwa
ra tir nghién ctu véi cac déi twong chay thi
nghiém rat phu hgp véi phan tich va nhin dinh
cda cic chuyén gia va nha thiu diéu hanh mé hién
tai & Viét Nam.

2. Co s& ly thuyét va phwong phap nghién ciru

Trong nganh cong nghiép dau mo, quy trinh
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lwra chon giai phap EOR t6i wu cho mé dworc coi la
buwdc dau tién dé tién hanh ap dung cac giai phap
EOR cho md. Ttr nhirng ndm 1970, nhiéu phwong
phap lwa chon EOR di dwoc nghién ctru va dé xuat
dé c6 thé tim ra phwong phap EOR pht hop, t6i wu
déi véi mot via chira (Al - Adasani va Bai, 2010).
Nim 1978, Poettmann va Hause dé xuit tiéu chi
lwra chon bom ép t6 hgp micellar - polyme xuéng
mo dau dwa trén tinh chit dic trueng cua via, day
la nghién ctru dwoc cong bd dau tién vé nghién ctru
lwa chon va ap dung EOR (Poettmann va Hause,
1978). Sau d6, dac biét la tir cudi nhitng nam 1990,
cac tiéu chi lya chon gidi phap EOR cho cac qua
trinh 4p dung EOR da dwoc nghién ctru rong hon
va da dwoc nhiéu nha nghién ctu thdo luin, trao
d6i. C6 rat nhiéu phwong phap luan da dwoc phat
trién dua trén kinh nghiém va nghién ctru cta cac
nha khoa hoc diu khi va cac nha diéu hanh mo (Al
- Adasani va Bai, 2010). Cac nha khoa hoc va cac
cong trinh nghién ctu da téng hop cic du 4n EOR
ap dung thi nghiém trén pham vi pilot va pham vi
toan mo dé phéan tich cic yéu t6 anh hwong, wu
nhwoc diém cua tirng phwong phap, hiéu qua ap
dung, dé c6 thé xay dung duwogc cac tiéu chi lwa
chon. Cac dir liéu dwoc xay dung thanh cac CSDL
dé phuc vu cho cic nha diéu hanh va cic nha
nghién ctru vé EOR trong viéc lya chon phwong
phédp phu hop 4p dung thwc té. Trén cac CSDL
ngay mot 1én do cac dy an EOR dwoc ap dung
trong nhiéu ndm, cac nha khoa hoc da 4p dung cac
thuat toan phan tich, thong ké, trong s6 héa dé xac
dinh dwoc cac dnh hwdng cla thong s6 mo dén
murc d thanh cong va tinh kha thi khi ap dung cta
dw an EOR.

Cho dén nay, cac phwong phap dé lwa chon
giai phap EOR phu hop cho mo nghién ctru c6 thé
dwoc tong hop va phan loai thanh 3 phwong phap
nhw da trinh bay & trén. D€ c6 thé phan tich, ddnh
gia valwa chon dworc gidi phap EOR t6i wu déu phai
dwa trén CSDL cuia cac dw an EOR da ap dung trén
thé gi¢i va Viét Nam. CSDL ctia nghién ctru nay da
thu thdp dwoc khoang trén 5.000 trwong dir liéu
dai dién cho khoang 950 dw an EOR theo thoi gian
trién khai tir ndm 1986 dén nay, moi treong c6 28
thong s6 dai dién cho dw an.

2.1. Phwwrorng phdp théng thwong

Phuwong phap tham khdo va so sanh hodc
phwong phap thong thwdng hay con dworc goi la
phuwong phap tiép cin “di/khéng di”, thuwong st

dung véi pham vi s6 liéu nhd ctia cic déc tinh /tinh
chit cua via chiva hoic tinh chat chat lwu via va
chit lvu bom diy dé lwa chon ra cac cong nghé
EOR ap dung t6i wu. Cac bang tra ctru/cac tiéu chi
dén tir cac nghién ctru phan tich thong ké ctia cac
dv an EOR da ap dung hién c6. Cac tiéu chi duoc
cung cip véi cac khoang cho cac tinh chat/dac tinh
khac nhau cho tirng phwong phap EOR. Bang tiéu
chi va cac khoang thong s6 lwa chon cho cac giai
phap EOR noi tiéng va dugc cac nha khoa hoc thira
nhin dau tién la cta Taber va cic cong sy dwa ra
vao nam 1997. Taber dwa ra cac tiéu chi Iwa chon
dwa trén cac dv an EOR dwoc thwe hién tir nam
1974 dén ndm 1996 (Taber va nnk. 1997). Sau
thong s6 quan trong da dwoc xem xét trong qua
trinh Iya chon dwoc dé xuit véi cic khoang thong
sO phuthop, bao gom: ty trong cia dau via, d nhét
cta via dau, d6 bao hoa dau, dé thAm trung binh,
do sau va nhiét do. Sau do, Al - Adasani va Bai da
cap nhat khoang cac tiéu chi lya chon ctia Taber
v&i cac thong s6 phan tich thong ké CSDL tir ndm
1998+2010 (Al - Adasani va Bai, 2010). Bom ép
tron 1an va khong tron 1an dwoc 4p dung cho tat ca
cac cdbng nghé bom ép khi va thém tiéu chi vé do
rong dwoc bé sung vao cong trinh nghién ctru cia
ho. Mdc du ca Taber va Al - Adasani déu cung cip
cac bang tiéu chi hitu ich cho tirng phwong phap,
viéc cap nhat cac tiéu chi lya chon véi sw cdp nhat
cac dv an EOR ngay cang gia tdng manh mé trén
thé gi¢i la rat quan trong. Vi cac tiéu chi lwa chon
thong thwong chi dwoc xay dung dwa trén cac dw
an hién c6 va kién thirc chuyén mén cta cac
chuyén gia tai thoi diém d6, khong c6 qua trinh
cap nhat cong nghé theo thoi gian. Do dé, qua trinh
nghién ctru va cp nhat cac tiéu chi lra chon bang
cach xay dung CSDL ctia dw an theo thoi gian tir
nhitng thiap ky trueéc dén nay dong vai tro then
chot cho két qua nghién ctiu. Phwong phap lwa
chon théng thwong sé gip khé khan do han ché
cla cac tiéu chi khong dwoc cap nhat theo thoi
gian va thong tin chi tiét cic ddc thu cda tirng via
hodc mé dau khi. Mot s6 phwong phap EOR c6 cac
tiéu chi va khoang lam viéc cta cac tiéu chi kha
giéng nhau nén sé dwa ra nhiéu giai phap EOR cho
1 moé nghién ciru. Piéu nay gy kho khan cho nha
diéu hanh khi quyét dinh tién hanh ap dung giai
phap EOR cho md. Vi vay, cac nha khoa hoc da st
dung phwong phap lwa chon nang cao véi cac
thuit toan, cong nghé tin hoc, d€ lwa chon giai
phdp t6i wu nhit EOR cho md nghién ctiu
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(Guerillot, 1988). S dung két qua xay dung bd
tiéu chi tir CSDL d6i chiéu bang phwong phap toan
hoc v&i cac thong s6 ciia mo nghién ctiru sé dwa ra
su lwa chon phwong phap cé thé 4p dung t6i wu
nhat.

2.2. Phwrorng phdp nghién ctru chuyén sdu

Phwong phap nghién ctru chuyén sau hay con
goi 1a lwa chon EOR ning cao bao gdbm tit ca cac
phwong phap ap dung cac thuat toan Fuzzy, PCA,
K - mean, phan nhém bing clustering dé hd tro lua
chon giai phap EOR t6i wu dwa trén cac phan tich
toan hoc vé moi twong quan, tinh chit twong tw
hodac twong déng véi cac khodng thdng s6 mo véi
nhau (Zhang, 2015). Nguyén ly dwoc xac dinh béi
khoang cach vat ly (nhw Euclidean, Manhattan,
Jaccard,...) hodc khoang cich xac suit (Ramos va
Akanji, 2017). Cac phwong phap tri tué nhan tao
cho két qua vai sw chinh xac va tin ciy cao hon
trong nghién ctru lwa chon EOR. Cac thuat toan c6
kha ning tim ra cAc mAiu 4n trong viéc trién khai
cac ky thuit EOR, xac dinh m6i quan hé gitra cac
dic tinh cta via chira/chat Ivu va hd tro du doan
cho nhiéu quy mé ap dung trén mo thuc té€ hodc
cac tinh chit vat ly cua giai phap EOR. Alvarado va
cac cong sw da dé xuit phwong phap st dung
thuAt todn hoc may dé rut ra cac quy tic cho viéc
lwa chon EOR (Al - Adasani va Bai, 2010). Sdu cum
thong so theo cac tiéu chi dwoc phén loai dwa trén
tap dit liéu va moi cum c6 quy tic riéng cho cac
trng dung giai phap EOR. Siena va céng su da tiép
tuc phat trién phwong phap twong tw cic via chira
bang cach ap dung thut todn phan cum phan cip
Bayes (Siena va Guadagnini, 2016). Mac du cac
phurong phap EOR nang cao cung cap cac két qua
phéan biét hoac lwa chon dwa trén viéc tinh toan
cac diém twong dong trong moi thuat toan, do tin
cay va do chinh xac ctia cic mé hinh dy doan va
lwa chon can dworc cac chuyén gia nghién ctiru va
xac nhan thém bang cach st dung cac thir nghiém
trén mo hinh mo phdng khai thac va thuc nghiém
trong phong thi nghiém.

DE c6 thé xay dwng dwoc chirc ning lwa chon
gidi phap EOR t8i vu bang phwong phap ning cao,
can tién hanh cip nhit cac bang tiéu chi lya chon
dwa trén CSDL da dwoc xdy dwng va tién hanh
trich xuit tit ca cac treong dir liéu ciia CSDL dé tao
ma tran s6 liéu phuc vu cac phan tich chuyén siu
clia cac thut toan.

2.3. Phwong phdp chuyén gia

bay la phwong phap str dung CSDL ctia cac dw
an thanh cong trén thé gi¢i két hop véi cac phan
tich chuyén siu cua cac chuyén gia véi diéu kién
mo thuc té€ d€ lwa chon phwong phap EOR phu
hop cho cdc mé diu khi nghién ctru (Guerillot,
1988).

Phuwong phap chuyén gia sé lwa chon cac tiéu
chi ctrng ngay tir dau cia qué trinh sang loc. Cac
thong tin, théng s6 mé nhu: triv lwong dau con lai,
trit lwong dau tai chd, san lwong khai thac, hé
thdng khai thac, vin chuyén va xtr ly cia mod
nghién ctru dwoc sang loc dé 4p dung nhw mot tiéu
chi so bo dé loai cac dw 4n. Ngoai ra, phwong phap
chuyén gia con danh gia hiéu qua kinh t€ cia mé
khi 4p dung phwong phap ning cao hé sé thu hoi
dau cu thé cling nhw xac dinh kha ndng 4p dung
gidi phap ngoai thyc té€ nhw nguon chat luu dé
bom ép c6 kha thi.

Trong nghién ctru nay, cac tac gia da xay dwng
mot bé CSDL gébm nhiéu trwong dir liéu dai dién
cho 950 du an EOR theo thoi gian trién khai
(Hoang Long va nnk., 2020), mdi trudmng cd cac
thong s6 dai dién cho dw 4n nhuw: vi tri dia ly, doi
twong dia chit, tinh chat hinh hoc cda ciu truc via
chira, d6 rong, do thdm, thanh phan thach hoc da
via, tinh chat chit lwu via, thanh phin dau via,
thanh phan nwéc via, nhiét do, ap suat, cong nghé
khai thac 4p dung, san lwong khai thac, s6 giéng
khai thac, s6 giéng bom ép, san lwgng gia tang khi
ap dung EOR, danh gia du an cta cac chuyén gia va
mirc do thanh cong cda dw an,...

Nghién cttu da xay dung dwoc CSDL cac du an
EOR trén thé gi¢i va phat trién xay dwng thanh
phan mém VPI EOR Screening vi cic thanh cong
cu dé phan tich s liéu gom cac phan tich theo
phwong phap thong thwong dwa trén tham khao
va so sanh v4i co sé du liéu va cac thong s6 mo
nghién ctru dén phwong phap nang cao bang cac
nghién ctru chuyén vé cac phwong phap toan hoc
dé x& ly/phan tich s6 liéu nhw PCA - phéan tich
thanh phan chinh, K - mean dé lwa chon cac cum
cho d6i twong nghién ctu, thuét todn phan cum
(clustering), hoc may dé xac dinh va lwa chon giai
phap EOR tdi wu nhat véi mo nghién clru da duoc
dwa ra va ap dung thanh céng (Hinh 1).

3. Két qua, phan tich két qua, thao ludn

CSDL va phan mém v&i cac cong cu toan hoc
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Hinh 1. Phwong phdp téng hop xdy dung CSDL va cdc phwong phdp phdn tich lya chon gidi phdp EOR t6i
wu cho mé ddu khi.

dé phan tich va lwa chon dw 4n EOR tdi wu cho cac
mo6 diu khi da dwoc nghién ctru va xy dwng thanh
cong. Dya trén CSDL da xay dwng cda cac du an
EOR d3 ap dung trén thé gidi, cac biéu do theo cac
tiéu chi dwoc xy dung dé danh gia va lwa chon.
Cac thong s6 dwoc danh gia va nghién ctiru bao
gdm: do rong, do tham, do sau, ty trong API, do
nhét day, nhiét d6 via, bdo hoa dau, san lwong gia
tang khi 4p dung EOR, két qua danh gia hiéu qua
cia dy an. Cac phwong phap nghién ctru chuyén
sau dua trén phan tich CSDL bang cac thuat toan
Fuzzy, PCA - phén tich thanh phén chinh, hé thong
ham phan loc, thuit todn phan cum, hoc may dé
xac dinh phwong phap EOR phu hop nhit véi mo
nghién ctru.

Duwa trén cac trwong dir liéu va cac thong tin
vé du an EOR d3 thu thap, nghién ctiru da xy dung
dwoc mot CSDL trén phidn mém chuyén dung cho
phép tra ciru, truy xuat cic théng tin cia gan 950
dv 4n theo thoi gian bat dau ap dung dén khi két
thuic du an. Cac thong tin dwoc sdp x&p theo thir tw
tir thong tin dia ly, tinh chat via chira, dia chat,
céng nghé mo, cac phwong phap khai thac so cap,
phwong phap khai thac thi cdp dén cic danh gia
hiéu qua cta dy an cling nhw cac thong tin vé san
lwong dau khai thac gia ting, d6 ngdp nuwéc va biao
hoa dau dw khi 4p dung cac phwong phap EOR. Cac
bao c4o EOR chi tiét gobm tat ca cic thong tin, danh
gia va két qua ap dung cuia dy an sé gitip cac nha
nghién ctu cé thé vin dung, hodc tim kiém cac
kinh nghiém dé c6 thé han ché cac rui ro khi ap
dung phwong phap EOR t6i wu cho mé dang

nghién ctru. Cac so liéu va bao co c6 thé truy xuit
hodc trich xuit truwc tiép trén CSDL dé tao thanh
cac file du vao cho phan mém VPI EOR Screening
gitp lwa chon giai phap EOR t6i wu hodc st dung
dé nghién ctru chuyén sau cho cac duwan EOR sé ap
dung & Viét Nam ndi riéng va thé gi¢i ndi chung
(Hinh 2). Phan mém VPI EOR Screening gobm cac
phuong phap nghién ctru danh gia thong thuwong
véi viéc xdy dung cac tiéu chi dya trén CSDL thu
thap va xay dung cac gidi han, trong s6 cta cac
thong s6 anh hwéng 1an nhau dé lva chon dwoc
phwong phap EOR phu hop cé cac thong s6 gan
voi moO nghién cru nhat. B6 thong s6 ap dung
thong thwdng bao gom: ty trong cia dau, do nhét
clia dau, do thAm - do rong trung binh via, dd siu
va nhiét do. Phwong phap thong thwong sau nay
dwgc b sung thém cac nghién cru chuyén gia
gitp nang cao chit lwong xac dinh giai phap phu
hop. Phan mém ciing gobm phan nghién cttu lwa
chon nang cao la cac thanh céng cy, nghién ctru
chuyén siu vé cac phwong phap toan hoc dé xi
ly/phan tich s6 liéu nhw tri tué nhin tao, PCA -
phén tich thanh phén chinh, K - mean dé lwa chon
cac cum cho d6i twgng nghién clru, thuit toan
phan cum (clustering), hoc mdy, dé xac dinh giai
phap EOR tdi wu nhat véi mé nghién ciru. Cac
phwong phap toan hoc lap trinh va tich hop vao
phan mém VPI EOR Screening dé cac nha nghién
ctru c6 thé str dung chi dong trén cac file CSDL.

Két qua thong ké va hiéu chinh s6 liéu dau vao
duogc thwe hién trén thanh céng cu ctia CSDL va
cho két qua nhw trong Hinh 3.
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Hinh 3. Théng ké cdc théng sé ddu vao tir CSDL véi méi twong quan gitea ty trong véi do nhét (a); nhiét
dé va do sdu (b); do nhét va do sdu (c); do réng va do tham (d).
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Mot s6 thong sé khéng phu hop véi cac déi
twong nghién ciru 1a cdc mo dau trong Bé Clru
Long sé dworc loai bd trong cac phan tich va danh
gia lya chon chuyén siu. Qué trinh x ly s6 liéu
dwoc thwc hién trén phin mém VPI EOR
Screening nhw trong Hinh 4.

D€ danh gia két qua nghién ctru tir cac thuit
toan tich hop trong phin mém, cic thong s6 co
ban ctia mot s6 mo6 dau khi dang khai thac & traim
tich BE Ctru Long, Viét Nam dwoc dwa vao phan
mém (Béang 1). C4c thong s6 via nhu do rong, do
thdm c6 gia tri bién thién rit 16m do tinh chat via
c6 tinh bat déng nhit cao nén viéc phan tich
chuyén sau dwoc thuyc hién véi cac khoang do
rong, dd thdm tir nhé nhat, trung binh, cao nhat.
Cac thong so6 khdc it thay déi thi dwoc 14y trung
binh dé gidm thiéu cic tinh toan.

No_Prod_Wells Skewness: No_Inj_Wells Skewness:

Porosity(%) Skewness:
0.76

3.1. Két qua tinh todn theo phwong phdp théng
thwong (Quick screening)

Cac thong s6 thé hién tinh chat via nhw: do
sau, nhiét do, do rong, do tham, do bao hoa dau
hién tai va cic thong sé chat lwu nhw: do6 nhét dau
via, ty trong dau via cia cic déi twong thudc
Mioxen Bach H6 cho thdy sw bién thién hodc thay
doi gitra cac mo, cac doi twong la khéng nhiéu. Do
sau tir khodng 2.100+3.000 m, dd rong trung binh
tr khoang 18+26%, do thim trung binh khodng
160+560 mD, dd bao hoa dau hién tai chia cac doi
twong déu khoang 40+50%, do nhét trung binh
déu khoang 0,7+4 cp, ty trong tir 29+37 0API. Két
qua tinh todn tir phdn mém cho thiy su thay doi
cuia cac phwong phap déi véi cac déi twong tram
tich B€ Ctru Long 1a khong qua 16n (Hinh 5).

Permeability(mD) Skewness: Depthift) Skewness:
0.16 0.69

(a) (b)

-1 0 1 2

API Skewness: 0Oil_Visc(cP) Skewness:
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Hinh 4. Két qua xir Iy s6 liéu ddu vao dworc xudt tir CSDL véi sw phdn bé twong quan ctia giéng khai thdc (a);
giéng bom ép (b); db réng (c); do thdm (d); dé sdu (e); ty trong (f); dé nhét dau (g); nhiét dé (g); do bdo hoa
(i); théng s6 trdng (k).

Bdng 1. Cdc théng s6 co bdn chinh st dung ddu vao ctia cdc mé ddu khi B€ Ctru Long (Hoang Long va

nnk, 2021).
Tinh chit via chira Tinh chit lwu thé
M6 | Do sau | Nhiét do D6 tham Porong | Bdohoadau | Ty trong D6 nhét
(m) (°F) (mD) (%) (%) (API) (cP)
A | 3.000 | 80100 | 20380, (Tb=160) | 930 (18) 50 29 2:5 (4)
B | 2.700 | 85:100 | 70530 (Tb=185) | 931 (23,2) 50 370 | 0,609 (0,7)
C | 2100 | 75:90 | 801950 (Tb=560) | 9+33 (26) 40 354 | 0,65-0,95 (0,8)
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Hinh 5. Két qud chay phdn mém VPI EOR Screening véi cdc théng sé mé bdang phwrong phdp théng thuong
cho do thi plotbox vé dp nhét dau (a), dé réng (b), dé sdu (c), dé thdm (d), nhiét dé (e), ty trong (f) theo
tirng phwong phdp EOR.

Pa s6 cdc mo phu hop véi phwong phap bom
ép tadc nhan khi (nhw bom ép tdc nhan khi
hydrocacbon tron Ian/khéng tron 1an; bom ép khi
CO; tron lan/khong tron 1an) va phwong phap
bom ép tac nhan héa hoc nhw (bom ép tdc nhan
héa hoc polyme, bom ép tac nhan héa hoc
surfactant - polyme, bom ép tac nhan hda hoc
surfactant, bom ép tac nhan héa hoc ASP).

3.2. Két qud tinh todn theo phwong phdp ndng
cao (Advanced screening)

Phwong phap nang cao dwa trén phan tich
CSDL bang cac thuat toan Fuzzy, PCA - phan tich
thanh phan chinh, hé thong ham phéan loc, thuit
toan phan cum (clustering), hoc may, dé xac dinh

phwong phap EOR phu hop véi mé nghién ctru.

Phan b6 cac tham s6 do sau (depth), do rong
(por), d6 thdm (perm), ty trong (API), d6 nhét
(visc), nhiét do (temp), do bao hoa (start_sat) va
san lwong khai thac (T_Prod_log) dwoc thé hién
trén dwong chéo ctia Hinh 5. Phia dwéi duong
chéo la d6 thi mé ta quan hé gitra cac dai lwgng va
hé s twong quan Pearson cla cac dai lwgng biéu
dién & cac 6 phia trén dwong chéo twong tng.
Theo do, d6 nhét 6 twong quan cao véi ty trong,
hé s twong quan la 0,92.

Nhiét do cling twong quan cao véi do sau, hé
s0 1a 0,83. Nguoc lai, nhitng dai lwong khong
twong quan véi nhau, hé sé twong quan rit nho,
thi khéng nhin thdy trén Hinh 6. K&t qua phan tich
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dir liéu dwgc dua ra trén khong gian 2 chiéu bang
phwong phap PCA va K - means trén Hinh 7.

Két qua nghién ctru chuyén siu trén cic thuét
toan khi 4p dung cho cac phwong phap hda hoc
(Hinh 8) cho thdy, cac do6i twong nghién ctiru cia
tram tich B& Cru Long (mo A) c6 xu hwéng phu
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hop véi Cluster 2 (Hinh 9). Trong d6, phwong
phap bom ép polymer va phwong phap bom ép
chat hoat dong bé mat két hop polyme (SP) dwoc
x€p hang cao nhat véi 28% va 27% so voi tong s6
cac phwong phap khac (Hinh 10). Két qua Iwa chon

phwong phap tdi wu cho cac mo la phwong
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Hinh 6. Phdn bé cdc tham sé chinh va quan hé twong quan.

Third Principal Component
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Hinh 7. Trwc quan dir liéu trong khéng gian 2 chiéu
két hop 2 phwong phdp PCA va K - means theo cdc
chiéu khdng gian ctia cdc théng sé maé do.

Hinh 8. Két qud chay PCA va K - mean cho mé A véi

cOt mau hién thi la cdc cluster 1, 2, 3 va mau dé la sé

liéu mé A.
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phéap bom ép polymer hodc bom ép SP. Két qua
nghién ctru chuyén sau cho mo B trén phadn mém
cho thiy, d6i twong tram tich nay c6 xu hwéng phu
hop nhit véi cic gidi phap bom ép khi do nam
trong cluster 4. Trong dd, phwong phap bom ép
tron 14n Hydrocacbon va khéng trén lan
Hydrocacbon dwoc xép hang cao nhat khoang
43%, sau d6 1a bom ép CO, khong tron 1an khoang
26%, cac giai phap héa pham cho két qua thap hon
(cAcHinh 11, 12).

Két quad nghién ciru & md C cho thdy, cac
thong s6 moé c6 xu hwéng phu hop véi cluster 3,
thuéc nhom c6 thé ap dung dwoc hai giai phap khi
va héa. Trong d6, phwong phap bom ép tron 1an
va khong tron 1an Hydrocacbon dwgc xép hang
cao nhit khoang 32%, sau d6 1a bom ép polymer
khodng 22% va bom ép CO, khong tron lan
khoang 20% (cac Hinh 13, 14).

Két qua phan tich chuyén gia dwa trén danh
gia hién trang cda mo nghién ctru va cac bai hoc
kinh nghiém ttr CSDL cho thdy, véi mo A thi giai
phdp bom ép chit hoat dong bé mat két hop
polymer sé cho hiéu qua kinh té - k§ thuét cao
nhat. Cac mé B, C véi gidi phap bom ép khi CO;, N
sé khong kha thi do nguoén khi cung cip va hé
thong diu noi sé khéng kha thi do chi phi qua 16n
khong dam bao hiéu qua kinh té cta dw an. Giai
phap bom ép khi Hydrocarbon dong hanh cia mé
1a pht hgp nhét.

4. Kétluan

Nghién ciru d3 4p dung thanh coéng cac
phwong phap phan tich danh gia hién nay trén thé
gidi tir phwong phap so sanh, tham khao dén cac
thuit todn chuyén sau va da tich hgp trong phan
mém chuyén nganh cta Vién dau khi Viét Nam
(VPI EOR Screening). Két qua nghién ctru cho do
tin cdy cao.

Phwong phap nghién clru danh gia thong
thudng véi cac thong so via co ban cia mo dwoc
so sanh véi bang tiéu chi tir cac duw an EOR da ap
dung thanh céng. Bo tiéu chi gom cac thong sé co
ban dé ap dung théng thwong bao gom: ty trong
clia diu, do nhét ctia diu, do thAm - dd rong trung
binh via, dd sdu va nhiét do, do bdo hoa, thanh
phan hydrocarbon ctia chit lwu via, cdu tric via
chira da dwoc ap dung cho cdc mé dau khi B€ Ctru
Long. Két qua tinh toan tir phin mém cho thiy sy
thay ddi cia cac phwong phap doi véi cac doi
twong tram tich BE Clru Long 1a khong qua 1én.

S6 dw an EOR

EOR Mathad
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Hinh 9. Két qud théng ké cdc dy dn EOR trén thé
gidi phil hop trong Cluster 2 véi méi twong quan
s6 dw dn EOR va phwong phdp EOR.

0% 3%
%2 R
0%

%
™
o 28%
2% I A kaline Surfactant Polymer
\ I CO2 Immiscible

\ I CO2 Miscible
I Combustion

[ Hydrocarbon Miscible
L | B Microbial

/
\/ [ETINitrogen Immiscible

! Polymer
[ Steam
|C—Isurfactant Polymer

Hinh 10. Két qud lwa chon phwong phdp EOR t6i
wu cho mo A.

Principal Component Scatter Plot with Colored Clusters

Third Principal Component

200 e

2 0
100 .1
First Principal Component
Second Principal Component

Hinh 11. Két qud chay PCA va K - mean cho B véi
c6t mau hién thi la cdc cluster 1, 2, 3 va mau dé la
s6'liéu mé B.
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Hinh 12. Két qud lwa chon phwong phdp EOR t6i
wu cho B.
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Hinh 13. Két qud chay PCA va K - mean cho mé C
Vi cot mau hién thi la cdc cluster 1, 2, 3 va mau
dé la s6'liéu mé C.
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I CO2 Miscible
I Combustion
B Flue Gas
B Flue gas
B Hydrocarbon Immiscible
[ Hydrocarbon Miscible
[ Nitrogen Hydrocarbon Immiscible
rogen Hy
1% | EE5) Nitrogen Immiscible
o [:] Nitrogen Miscible
Polymer
1 Steam
] Surfactant Polymer

Hinh 14. Két qud lwa chon phwong phdp EOR toi
uu cho mé C.

Phwong phap bom ép tac nhan khi hydrocacbon,
khi CO, va bom ép tac nhan hoa hoc (polyme, chat
hoat dong bé mat, két hop) la phi hop véi cic md
d4u khi Bé Ctru Long.

Phin ning cao cia phidn mém VPI EOR
Screening nghién ctru chuyén siu vé cac phwong
phap toan hoc dé xtr Iy /phén tich s6 liéu nhu: hoc

may, tri tué nhan tao, Fuzzy, PCA - phan tich thanh
phan chinh, K - mean, thuit todn phin cum
(clustering) va két hop nghién ctru chuyén gia dé
nang cao chitlwong lwa chon nham xac dinh chinh
xac giai phap phu hop véi mé dang nghién ciru.
Phin mém cua Vién diu khi Viét Nam (VPI EOR
Screening) dwoc chay thir nghiém cho mot s6 doi
twong tram tich thudc BE Clru Long da cho két qua
lwra chon chinh x4c va ding dan. Két qua phu hop
véi cac danh gia, nhan dinh trudc dé cta cac nha
nghién ctru cong nghé ma, cac chuyén gia EOR va
nha diéu hanh cac mo diu khi.
Loi cam on

Nhom tac gia tran trong cdm on Vién DAu khi
Viét Nam, Tap doan Dau khi Viét Nam, Trweong Dai
hoc M6 - Dia chit, B Khoa hoc va Cong nghé da ho
trg gitip d& chuyén mén, nguon lyc va kinh phi dé
thuc hién nghién ctru nay. Bai bao la mot phan két
qua nghién ctru cuia dé tai khoa hoc va cong nghé
cip Quéc gia “Nghién ctru Iwa chon cac giai phap
cong nghé va thwc nghiém danh gia cac tdc nhan
nang cao hé s6 thu hoi dau cho déi twong tram tich
luc nguyén ctia cac mo diu thudc BE Clru Long”,
ma s6 PTPLCN.26/19 va dé tai cip Vién dau khi
Viét Nam “Nghién ctru xay dung CSDL ctia 200 dw
an EOR trén thé giGi va phan mém chuyén nganh
dé danh gia, lwa chon cac giai phap ning cao hé s6
thu héi dau”.
Pong gop cua cac tac gia

Tac gid Hoang Long lén ké hoach, tién hanh
thu thép, x(r 1y s6 liéu va kiém tra tién do cong viéc;
Trinh Viét Thang, Triéu Hung Trwong tham gia
nghién ctru lwa chon thong s6 mé cho cdc mo &
Viét Nam. Nguyén Minh Quy, Pham Quy Ngoc,
DPoan Huy Hién thiét ké, viét thuit todn Clustering,
K - means, Fuzzy, Al va xdy dung phin mém.
Hoang Linh thu thap s6 liéu va chinh stra n6i dung.
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