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Tém tat: Mo Bach Ho bat khai thac tir khoang ndm 1986 véi trir lugng dau tai chd wdc tinh
trén 500 triéu tn dau quy ddi. Hién tai, mo da dua vao giai doan khai thac tam cép. Mot sb
khu vuc duge chon dé nghién ciru va thir nghiém cho cac dy an thu hoi dau ting cuong
(EOR). Tuy nhién, do mirc d6 phirc tap trong cau trac dia chat nén nhiéu nghién ctru khéng
thanh cdng. Nghién ciru st dung céc két qua thi nghiém dé dé xuat hé chat hoat dong bé mat
cho EOR trong mét khu vuc ciia mé Bach HO. Céc chét hoat dong bé mat duoc luva chon,
sang loc tur 7 chat khac nhau. Hé chét hoat dong bé mit duge két hop tur 24 chét s& dugc
bom ép Va0 mau 16i dé danh gia kha ning thu hoi dau. Chat hoat dong bé mit gbc anionic
cho két qua tt khi dung ¢ nhi¢t do va do khoang hoa cao. H¢ 4 chét g@)m LAS: AOS:
ALAX: XSA-1416D véi ti 1& % theo khéi lugng 5,75:23:58,75:12,5 cho két qua. Luong
dau thu hdi & cac thi nghiém bom ép ting thém khoang 30%. Két qua nghién ctru cho thay
tiém nang cua hé chét hoat dong bé mit trong diéu kién nhiét do va do khoang hoa cao.
Tong nong do chét hoat dong bé mat khoang 1000ppm s& 1a lya chon kinh té cho dy an thu
hdi dau ting cuong.

Tiwr khoa: Qhét hoat dong bé mit; Thu hdi dau ting cudng; Thi nghiém bom ép mau 15i;
Mo Bach Ho.

1. Mé dau

Vi¢e st dung chét hoat dong bé mat trong tang cuong thu hdi dau duoc nghién clu tir
nhimg ndm 1968 [1]. Nghién ctru sir dung chat hoat dong bé mit dé két hop v6i dau tao thanh
trang thai nhii twong. Nghién ctru [2] dé xuat kha nang sir dung dung dich chat hoat tinh bé
mit nhu mot pha phu trg dé ting kha nang thu hoi dau. Nhitng nghién ctru sau d6 chi ra qua
trinh xa phong hoa trong diéu kién via gitip ich trong viéc giam stic cing bé mat pha [3], mo
rong bién do dé dat dugc do man ti wu cho viée hinh thanh vi nhil twong [4].

Dén nay, c6 nhiéu mo trén thé gisi 4p dung thanh cong bom ép hé chat hoat dong bé mat
dé nang cao hé s6 thu hoi dau tir dén 60% trén mau 15i tir mo Minas Oil Field [5], Loma
Novia Field [6], Wichita County Regular Field [7]. Nong do cac chat hoat dong thay do6i tay
theo dic tinh mo. Mot s6 mo két hop tir 2 chat hoat tinh bé mit dé ting hiéu qua thu héi dau
[6-10].
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Hién tai ¢ Viét Nam, viéc ap dung thu hoi dau ting cudng di dugc nghién ciru va trién
khai trong nhitng nim gan dy nhung viéc nghién ctru chua dugce thuc hién mot cach hé théng
va bai ban nén hiéu qua chua cao [11]. N&i bat nhat 1a nghién ctru [12] & nhiém vy khoa hoc
nam 2009 vé “Nghién ctru str dung gel va cac chat hoat dong bé mat dé nang cao hé sb thu
hdi ddu mo” do Vién Khoa hoc vt lidu ung dung chu tri. Nghién ctru dua ra cong thirc hé
hoa pham hé chit hoat dong bé mat bén nhiét. Ké tiép c6 thé ké 1a luan an tién si [13] vé dé
xuét hé chat hoat dong bé mat dung trong thu hoi tang cuong dau cho mo Bach Hb va mo
Rong dugc thuc hién & Vién khoa hoc Vat liéu ndm 2012. Viéc 4p dung cong nghé ting
cuong thu hdi dau ¢ Viét Nam can phai trién khai than trong va dua trén co s& khoa hoc [11]
do céac giai phap thu hdi du ting cuong doi hoi chi phi cao va rui ro 16n, dic biét 1a mirc do
phirc tap ciia cac mo sé trién khai du an thu hdi dau ting cuong.

Mo Bach Ho 1a mé dau 16n nhit cia Viét Nam, cé trit luong 16n (udc tinh trlr lwong tai
chd trén 500 triéu tan dau quy do6i v6i ddi tuong khai thac chinh 1a ting ¢ méng. Tuy nhién,
sau gan 24 nam khai thac (tir thang 09/1988), san luong dau khai thac tir mé BH da suy giam
nghiém trong. Tir muc trén 12 triéu tin dat dinh nim 2001 (va duy tri dén 2004) chi con
khoang 5 triéu tin nam 2011 [11]. Dé duy tri ap suit via, dam bao san luwong khai thac,
phuong phap bom ép nudce da duge ép dung tir nam 1993 [14]. Tuy nhién, do céu tao dia chat
phtre tap, da mong nit né hang héc, nén hién tuong ngadp nudc tai mot s6 giéng khai thac da
som xuat hién. Dén nay, s luong gleng khai thac 6 m6 Bach H6 bi ngap nudc ngay cang
tang, mue do ngép nude ngay cang tram trong, mot s6 giéng da phai ngumng khai thac.

Do véy, dé bao dam va gia tang hé s6 thu hdi dau tai mo Bach Hb, bén canh van dé duy
tri 4p suét via bang bom ¢p nudc hodc bom ép khi, can phai tim kiém cac tac nhan c6 kha
nang cai thién hiéu qua day dau cua nudc va khi. Giai phap tiém ning chinh 1a str dung cac
chét hoat dong bé mat.

Hau hét cac chat hoat dong bé mit thwong mai dung cho thu héi dau ting cudng hoat
dong & nhiét d6 t6i da 120°C [15-16]. Vi didc diém nhiét do cao dén 140°C & mo Bach Ho
1a mot thach thire 16n trong viée Iwa chon loai chat hoat dong bé mat phu hop. Thém vao do,
d6 khoang hoa trén 40 mg/l va tong ham luong cation hoéa tri IT cao hon 2100 mg/l [17- 18].

Nhiéu nghién ciru da dua ra cac két qua nghién ctru cho thay su két hop ciia cac chat
hoat dong bé mat co thé cai thién kha nang bén nhiét, m& rong gidi han tao thanh vi nhii trong
day d6 khoang hoa cao hon [19-25]. Vi vay, trong nghién clru nay sé thuc hién theo hudng
khao sat ti 1€ twong hop cua cac chét hoat dong bé mit dé co thé tao nén hé dung dich chét
hoat dong bé mit dap tmg yéu cau k¥ thuat & mé Bach Ho.

Nghién ctru dugc thyc hién dya trén cac thi nghiém dé dua ra hé chit hoat dong bé mat
phdi tron tir mot s6 don chat hoat dong be mat tong hop va san pham thwong mai. H¢ dung
dich chat hoat dong phai dam bao cac yéu t6 nhu tan trong nudc bién va bén nhiét phu hop
v6i diéu kién trong ting ¢4 méng mo Bach Ho.

Vi vdy, viéc nghién ctru co so khoa hoc dé xay dyng hé chat hoat dong bé mit bén nhiét
ng dung trong cong nghé tang cuong thu hoi dau tai cac via thudéc mé Bach Ho s& gop phan
dap Gmg yéu cau cip thiét va lau dai ctia nganh cong nghiép dau khi Viét Nam.

2. Phwong phap nghién ciru

2.1. Poi twong nghién ciru

Bach Hb thudc 16 09—1 bon triing bé Ctru Long, cach Viing Tau khoang 120 km vé phia
bong Nam. Dién tich bé mat ciia mo khoang 120-130 km? véi chiéu sdu muc nudce bién la
50 m. Via dau c6 chiéu sau 16n (3000-5000 m), nhiét d6 cao (90-170°C), gdm nhiéu ddi
tugng khai thac co ciu truc dia chit, dic diém tham chira va tinh chat dau via bién ddi hét
stc phuc tap. Mong nit né 1a thanh hé chra dau khi rat dic biét & mo Bach Hé véi téng chira
day. Khung d4 c6 cu tao phirc tap khong chira dau va khong c6 do tham. Dau tap trung dén
cac d6i nit né. Sy phan dai thé hién theo chiéu ngang va thang dimg. Mang niit né hiéu dung
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da phan c6 ngudn gbc kién tao. Tinh chat d6 rong va do thim lién quan dén cac dang khe nut
16n va vi khe nut.

Viéc bom nudc vao téng d4 méng duoc bit dau tir thang 6 nam 1993. DPén cuéi nam
1999 d3 ghi nhan hon 20 giéng c6 nudc trong san pham, chiém gan 30% tong quy giéng khai
thac. Dé nang cao hiéu qua cua phuong phap bom ¢p nudc, nhiéu giai phap diéu chinh qua
trinh khai thac va bom ép nudc tang da mong mo Bach Hb da dugc thyc hién nhu: bom ép
nude vao phan day ngip nudc cia than du va duy tri p suit 16n hon 4p suit bdo hoa, han
ché sy tach khi. Phuong phap bom ¢p nudc theo chu ky nhim thay d6i hudng ctia dong thim
thong qua viée tdi uu hoa lugng nude bom ¢p va luong chit 1ong khai thac cling dugc thuc
hién. Tuy nhién, qua trinh ngép nudc van tiép tuc dién ra va mot sb giéng hién nay khdng
con tlep tuc san xuét nita. Nhimg giai phap nang cao hi¢u qua khai thac dang dugc nghién
ctru dé ap dung cho mo Bach Ho.

2.2. Cdc chat hoat ddng bé mt

Céac chat hoat dong bé mat dung trong nghién cuu thudc nhom céc chit hoat hoa 4m
(anionic surfactant). Cac chat hoat dong bé mat nay khi bi phan cuc, dau phan cuc mang dién
am. C4c chat hoat tinh bé mit c6 dau phan cuc am thudng duoc dung trong thu hdi diu ting
cuong do kha ning bén nhiét cao, hoat dong trong diy do khoang hoa rong, mirc do bi hap
thu 1én khung dé it va gia thanh thép hon so véi chat hoat dong bé mat c6 dau phén cuc duong
[26-28]. Trong nghién ctru nay, 10 chit hoat dong bé mit hoat hoa am dugc pha tron t6 hop
tir 2 dén 4 chat dé danh gia kha ning thu hdi dau.

2.2.1. Alpha—Olefin Sulfonate (AOS)
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Hinh 1. C4u tric phan tir AOS.

AOS la san pham thuong mai cua cong ty Stephan. AOS c¢6 dudi hydrocarbon mach
thang hay it phan nhanh nhu Hinh 1. AOS bén nhiét, tan tét trong nude, chiu duge d6 man
va dg climg cao, voi nhiét d via 1én dén 120°C, c6 kha ning giam strc cang bé mit hé dau —
dung dich xuéng gia tri thap va ting cuong tinh tan cho nhleu chat hoat dong bé mit trong
mdi trudng nudc bién c6 do cimg cao véi tong lugng chét rdn hoa tan 22% [28].

2.2.2. Linear Alkylbenzene Sulfonate (LAS)
H,C
CHs
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Hinh 2. Cau tric phén tir LAS.
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LAS la san pham thuong mai ciia cong ty TICO. LAS c¢6 mach alkyl thang tir C10 —
C13, cht yéu la C12 nhu Hinh 2. LAS bén nhiét va c6 kha nang giam gia tri sirc cang bé mat
pha dau—dung dich chat hoat dong bé mat xudng gia tri thap. LAS kho tan trong nude bién,
tao két tua vai cation Mg?*, Ca?* ¢6 trong nude bién.

2.2.3. Heavy linear alkylbenzene sulfonate (HLAS)
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Hinh 3. Ciu trtc phan tir HLAS [29].

HLAS la san phém thuong mai cua cong ty Oil Chem Technology. HLAS c6 dudi ky
nudc dang mach thang va dai C16 — C26. HLAS it tan trong nudc nhung tan vo han trong
dung moi hitu co.

2.2.4. Branched alkylbenzene sulfonate (BAS)
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Hinh 4. Ciu tric phan tir BAS [30].

BAS 1a san pham thuong mai ctia cong ty Oil Chem Technology. BAS c6 duéi ky nude
dang mach nhanh nhu Hinh 4, khoé tan trong nudc bién.

2.2.5. Arylalkyl xylene sulfonic acid C14-16 (XSA-1416)
CH;(CH,)mCH(CH,)SO3H
.
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Hinh 5. Cau tric phén tir XSA-1416 [31].
XSA-1416 la san pham thuong mai cta cong ty Oil Chem Technology. Dang thuong

mai cﬁaqXSA—l416 co néng dd 96% dang dung dich dic quanh, mau sam, rat kho tan trong
nudc bién.
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2.2.6. Diaryl alkyl xylene sulfonate C14-16 (XSA-1416D)
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Hinh 6. Cu trac phan tir XSA-1416D [32].

Tuong tu nhu XSA-1416, XSA-1416D la san pl}ém thuong mai cua cong ty Oil Chem
Technology. Dang thuong mai cia XSA-1416D c6 nong d6 96% dang dung dich déc quanh,
mau sam, rat kho tan trong nudce bién.

2.2.7. Heavy linear arylalkyl xylene sulfonic acid (ALAX-1416)
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Hinh 7. Ciu tric phan tir ALAXX-1416 [33].

R

~ ALAX-1416 1a san phém thuong mai cua cong ty Oil Chem Technology. ALAX-1416
rat kho tan trong nudc bién. Tuong tu nhu XSA-1416, ALAX-1416 dugc dong chai ¢ dang
dung dich nong 46 96%.

2.3. Bdc tinh nude bién ding pha ché, dau thé va dd mong khu viec mé Bach Ho

2.3.1. Nudc bién

Nude bién khu vire mé BH ¢6 cac tinh chat ddc trung va thanh phan duoc trinh bay ¢
Béng 1.

Bang 1. Tinh chat va thanh phan nudc bién khu vire mé Bach H6 [12].

TT Chi sb Pon vi Gia tri
1  DopH 7,28
2 Khbi lugng riéng kg/l 1,026
3 Domin % 3,66
4 Thanh phan Na+ mgl/l 11421
5  Thanh phin K+ mg/I 296
6  Thanh phan Ca++ mgl/l 1162
7 Thanh phin Mg++ mgl/l 956
8  Thanh phin HCO3 mgl/l 151,3
9  Thanh phin CI- mgl/l 22216
10  Thanh phin SO.* mgl/l 1,025
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Theo gi4 tri cc chi s6 do duge nhu & Bang 1, nudc bién khu vie mé Bach H6 ¢6 do min
(Na*) va do ctrg cao (Ca™, Mg™).

2.3.2. Dau tho

Bang 2. Thanh phan dau thd mo Bach H6 [12].

TT Chi s6 Pon vi Gia tri
1  Titrong 0API 39,85
2 Ham luong S % khéi lugng 0,03
3 DO nhét dong luc cP 0,819
4 Do nhét dong hoc & 700C m2/s 3,44
5  Ham lugng paraphin % khdi luong 29
6  Ham luong nito % khéi lugng 0,04
7  Chisb acid mg KOH/g 0,06
8  Ham lugng mudi % khdi lwong 37,53
9 Ham lugng nhya % khdi lwong 1,97
10 Ham lugng asphaltene % khdi luong 0,77

Theo cac chi sd phan tich, dau Bach H9 14 loai dau nhe, ham luong luu huynh thép, do
nhot thap. Tuy nhién, ham lugng nhya va parafin cao.

2.3.3. ba mong
Bang 3. Thanh phan héa hoc ¢ méng mo Bach H6 [12].

TT Chi s Pon vi Gia tri
1 Si02 % khoi lwong 72,9
2 Al203 % khdi lwong 13,6
3 Fe203 % khdi lwong 2,98
4 K20 % khdi lwong 2,69
5 Na20 % khdi lugng 4,14
6 CaO % khdi lwong 1,45
7 MgO % khdi lugng 1,25
8 S042— % khdi lugng 0,12
9 CcO2 % khdi luong 0,44

Tir cac chi s6 do ctia d4 méng mé Bach Ho cho thiy da c6 tinh acid v6i thanh phan khdi
lugng SiO2 khoang 70%.

2.4. Lira chon, sang loc va xdy dung cong thirc t6 hop chat hoat dong bé mdt

Viéc lya chon cac chat hoat dong be mat hop phan khong chi dwa vao cac ti€u chi vé
kinh té ma con phai dam bao cac yéu cau k¥ thuat dbi voi chat hoat dong bé mit trong thu
hdi dau tang cuong. Do cac diéu kién dic trung cia mo Bach H6 nhu nhiét do va do khoang
hoa cao nén cac chit hoat dong bé mit duge chon & nhom anionic sulfonate. Cac chat hoat
dong bé mat duoc dung dé sang loc va to hop gom AOS, LAS, BAS, XSA-1416, XSA-
1416D va ALAX-1416. Pay la cac chat hoat dong bé mit thuéc nhom anionic sulfonate
thuong mai c6 thé dap ung dugc mot phan cac yéu cau k¥ thuat trong viéc ap dung cho thu
hoi dau ting cuong [34-37].

Gia tri nOng d6 micella to1 han (CMC) cua dung dich chat hoat dong bé mit 12 dai luong
quan trong dé xac dinh kha ning giam gié tri strc cing bé mat ctia hé ddu—dung dich chat hoat
dong bé mat. Tai gia trl ndng do t6i han nay, strc cing bé mit hé dung dich khong giam thém
di co ting ndng do chét hoat dong bé mat nhu Hinh 8 [38-39]. C4c chét hoat tinh bé mat sau
khi sang loc duoc pha véi nude bién voi néng d6 100 ppm. Ngoai trir AOS, cac chat hoat
dong bé mit khéac déu cho ra hé dung dich duc. Trong cac thi nghi¢m Kké t1ep, AOS van duoc
dung nudc bién dé tao dung dich. 06 chét hoat dong bé mit con lai dung nudc cat dé pha ché.
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Gia tri suc cang bé mat cua tung dung dich ¢ cac néng d6 khac nhau duoc do béng thiét bi
Spinning Drop Tensionmeter va thé hién & Hinh 9.
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Hinh 8. Su thay ddi cua gia tri strc cing bé mit cia dung dich chét hoat dong bé mit tai diém n6ng
d6 té1 han CMC [38].

Biéu dd sy thay ddi gia tri sirc cing bé mat dau-dung dich chit hoat
dong bé mat
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Hinh 9. Gia tri strc cing bé mit theo néng dd chét hoat dong bé mat.

Gia tri ndng d6 micelle t6i han ctia cac chat hoat dong bé mit dung trong qua trinh nghién
ctru dugc thé hién trén Bang 4.

Bang 4. Gia tri CMC cua cac chét hoat dong bé mit.

TT Chit hoat dong bé mit Nong d6 CMC o (MN/m)
1 A0S 200 0,414
2 LAS 300 5,716
3 HLAS 250 2,537
4  BAS 300 4,823
5 XSA-1416 300 11,290
6  XSA-1416D 300 5,642
7 ALAX-1416 100 7,666
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AOS duoc chon lam chét hoat dong bé mat chinh dé t6 hop véi tung chét hoat dong bé
mit khac theo cac ti 1& khac nhau. Hé chét hoat dong sau khi dugc pha tron s€ dugc u &
140°C, twong duong véi nhiét d6 via san pham dé danh gia mac d6 6n dinh cia hé dung dich
va sy thay doi cua strc cang bé mat trong 31 ngay.

Bang 5. Khao sat hé 2 ciu tir (2 chat hoat dong bé mat).

Sirc cing bé  Strc ciing bé mit

TT Hé chit hoat dong bé mit Tilé Trang thai mit ngay thiw ngay thiwr 31
1 (mN/m) (mN/m)
1 AOS:XSA-1416D 9:1 Trong sudt 0,385 0,482
2 AOS:XSA-1416 4:1 Trong, c6 can 0,371 0,705
3 AOS:ALAX-1416 5:1 Trong, c6 cidn 0,445 1,750
4 AOS:BAS 31 Puc ¢ ngay 31 0,248 0,487
5 AOS:LAS 1:4 Puc ¢ ngay 7 -

Trong cac hé chat hoat dong bé mit di thuc hién thi hé AOS:XSA-1416D ti 1¢ 9:1 van
giit trang thai trong sudt sau 31 ngay U véi su thay doi sirc cing bé mit khong dang ké. Két
qua nay chimg t6 h¢ AOS:XSA-1416D bén nhiét va tuong thich vdi nuée bién.

AOS trong tat ca cac mau thir ¢a hd tro cho chat hoat dong be mat con lai tan tt hon
trong nudc bién. Tong ndng do chét hoat dong bé mit trong mdi mau thir 1 1000 ppm, vuot
xa so voi mic CMC 100 ppm & thi nghiém dau tién véi nude bién.

Trong 05 hé dung dich thi nghiém & trén, tuy h¢ AOS:LAS duc ¢ ngay thtr 7 trong thoi
gian thi nghiém nhung day 14 hé c6 trién vong nhat do ti 1¢ AOS:LAS thap hon 1. Ca 4 truong
hop con lai, hé 6n dinh khi ti 16 AOS chiém phan nhiéu hon tir 3 1an (AOS:BAS) d&én 9 lan
(AOS:XAS-1416D).

Cac két qua cia hé 2 chat hoat tinh bé mat déu chua dap tmg duoc cac yéu cau k¥ thuat
cho thu hdi dau tang cudng nén nghién ctru sé tiép tuc thi nghiém trén hé 3 cau tir (hé 3 chat
hoat dong bé mat. Tur két qua ctia hé 2 chat hoat dong bé mat, sy hién dién ciia AOS da hd
trg rat tot qua trinh tan cua cac chat hoat dong bé mit khac trong nudc bién. Thém vao do,
LAS cho kha ning tan tot nhat trong nudc bién so v&i cac chat hoat dong bé mat con lai nén
LAS s& dugc cho thém vao cac hé 2 ciu tir da thi nghiém ¢ trén.

Bang 6. Khao sat hé 3 ciu tir (3 chat hoat dong bé mat).

Sire ciing bé mit Sirc cing bé

TT  H@ chit hoat dong bé mit Ti l¢ Trang thai ngay thir 1 mit ngay thir
(mN/m) 31 (mN/m)
1 AOS:XSA-1416D:LAS 8:1:1 Trong sudt 0,371 0,445
2 AOS:XSA-1416:LAS 6:1:1 Trong sudt 0,334 0,557
3 AOS:ALAX-1416:LAS 5:1:1 Trong sudt 0,371 0,742
4 AOS:BAS:LAS 3:1:1 Trong sudt 0,286 0,469

Céc hé gom ba chit hoat dong bé mat sau 31 ngay u déu trong chimg t0 h¢ ba ciu tir ¢6
tinh tuong hop voi nude bién tot hon hé hai cau tur, tuy nhién sirc cang bé mit van chua dat
gia tri du thap nén tiép tuc nghién ctru hé 4 cau tir dé khao sat tdi uu.

Theo két qua cac khao sat trén, h¢ AOS:XSA-1416D:LAS (8:1:1) tuong hop t6t voi
nudc bién va cho o 6n dinh & muc thap khoang 0,3-0,4 mN/m sau 31 ngay . Tuy nhién, gia
tri nay van chua di thip. Do do, tién hanh phdi tron hé bdn cau tir voi viée thay doi ti 18
XSA-1416D:LAS voi tong nong do hai chat hoat dong bé mat nay ludn 1a 200 ppm va trong
800 ppm con lai. Lugng AOS duoc giam xudng va thay vao d6 1a mot hodc nhiéu chit HDBM
khéac.
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Bang 7. Khao sat hé hon 3 céu tir.

Stre cing bé

£ A Tran mit nga Sife ciing bé
TT  Hé chét hoat dong bé mit Ti 18 ang 4ENZAY it ngay thir
thai thw 1 31 (MN/m)
(mN/m)
AOS:XSA- A Trong
1 1416D:LAS:ALAX-1416 70:4:16:10 subt 0,297 0,37
AOS:XSA-1416D:LAS:BA
2 OSIXS 6D:LAS:BAS 70:4:16:10 Trong 0,223 0,464
suot
AOS:XSA—
3 1416D:LAS:BAS:ALAX~ 70:4:16:5:5 DPuc sau 14 ngay
1416

Theo két qua tir Bang 7, phuong 4n 1 véi hé 4 cau tir AOS:XSA—-1416D:LAS:ALAX—
1416 véi ti 18 70:4:16:10 cho két qua tdt nhat theo muc d6 6n dinh stre cang bé mat. Hé 4 cdu
tir nay dugc td chtrc quy hoach thyc nghiém dé xac dinh ndng do t6i wu cho ting thanh phan.

T hop 4 céu tir dugc chia ra 3 nhém. Nhém N1 1a tong ndng d6 XSA-1416D:LAS theo
ti 1& 1:4. Nhoém N2 1a ndng do AOS. Nhom N3 1a nong do ALAX-1416.

Bang 8. Két qua thi nghiém theo quy hoach.

Sirc cing bé mit

TT N1 N2 N3 Tong Sigma (mN/m)
1 275 550 150 975 0,37
2 275 550 100 925 0,33
3 275 500 150 925 0,45
4 275 500 100 875 0,33
5 225 550 150 925 0,37
6 225 550 100 875 0,41
7 225 500 150 875 0,37
8 225 500 100 825 0,37
9 208 525 125 858 0,45
10 292 525 125 942 0,37
11 250 483 125 858 0,37
12 250 567 125 942 0,33
13 250 525 83 858 0,33
14 250 525 167 942 0,41
15 250 525 125 900 0,31
16 250 525 125 900 0,29
17 250 525 125 900 0,30
18 250 525 125 900 0,31
19 250 525 125 900 0,30
20 250 525 125 900 0,30

3. Phén tich két qua va thao luin

Tién hanh tdi wu hoa hé chit hoat dong bé mat trén phﬁn mém tbi vu hoa théng ké
MiniTab theo két qua thi nghiém & Bang 8 vdi bién 6 1a cac gia tri nong do N1, N2, va N3
va ham tham chiéu Sigma. Quy hoach thuc nghiém bac hai cua Box—Hunter [40] xac dinh
trong quan cua phuong trinh hdi quy Sigma theo theo 3 nhém yéu té: timg yéu td riéng ¢,
binh phuong tung yéu t6, va tuong tac cua cip 2 yéu td. Phuong trinh trong quan cia Sigma
theo céc yéu t6 N1, N2, N3 c6 dang:

Sigma = ay + a;N; + a,N, + azN; + ayN? + asN7 + agNZ + a,N;N, + agN; N
+ agN, N3
Két qua tinh hé s twong quan tir phuong trinh hdi quy cho ra nhu Bang 9.
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Bang 9. Hé sb twong quan cac s6 hang trong phuong trinh hdi quy Sigma.

S6 hang H¢é s0 twong quan Hé so6 SE T P
Hing s6 8,23397 2,44208 3,372 0,007
N1 -0,02370 0,00608 -3,899 0,003
N2 -0,01718 0,00771 -2,22 0,050
N3 ~0,00565 0,00566 -0,998 0,342
N1*N1 0,00006 0,00001 8,896 0,000
N2*N2 0,00002 0,00001 3,564 0,005
N3*N3 0,00004 0,00001 5,205 0,000
N1*N2 -0,00002 0,00001 -2,591 0,027
N1*N3 0,00004 0,00001 4,319 0,002
N2*N3 -0,00002 0,00001 -2,591 0,027

S=0.0163729 PRESS = 0.0189232
R-Sq=94.33% R-Sq(pred) =59.98% R-Sq(adj) = 89.23%

Phuong trinh hoi quy twong quan Sigma cho két qua thi nghiém ¢ Bang 8:
Sigma = 8,23397 — 0,02370N; — 0,01718N, — 0,00565N; + 0,00006N{
+ 0,00002NZ + 0,00004N# — 0,00002N; N, + 0,00004N;N; —
—0,00002N, N,
Gia tri t6i uu cling dugc xéc dinh tai tir Hinh 10 1a N1 = 259,7 ppm; N2 = 528,8 ppm;
N3 =110,1 ppm. Strc cang bé mat tai diém toi vu dat o = 0,293 mN/m.

. N1 NZ N3
o g [25209%'50 ] [5 58634'1lj 2] [1116_1"501 ]
Cur 0.7576 28.818 0. S
0.51747 | ow 208.0 483.0 83.0
Composite

Desirability T
0.51747 —\\ T \

Sigma
Minimum
y = 0.2930
d = 0.51747

Hinh 10. Biéu d6 gia tri tdi wu Sigma cua cac ndng d6 N1, N2, N3.
Vay hé tdi wu cho gié tri 6 nho nhét 14 0,293 mN/m c6 thanh phan:
XSA-1416D:LAS:AOS:ALAX-1416 = 52:207:5297:112=5,75%:23%:58.75%:12.5%.

Hé chét hoat dong bé mit 4 ciu tir dugc diéu ché dé tién hanh bom ép trén mau 15i.

Bang 10. Thong tin mau 15i va két qua bom ép.

Chitu  Puomng PP ppiden . ., Lugng diu thu hdi
X e . . hoa x DPorong DO tham y T P 2
Mau 16i dai kinh ; rong : : bang hé héa pham
nuée du
cm cm % cm3 % mD ml %
1 7 5 31 19,7 14,45 103 3,81 28

2 7 5 29 16,4 11,74 142 2,67 32
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4. Két lugan

Can cu vao dac dién} via va tinh cl}ét cua déq cling nhu céc diéu kién dia qhét, Ch‘o théy
phuong phap bom €p chat hoat dong bé mat c6 tiém nang to 16n nghién ctru d6i voi tang da
mong mo Bach Ho. ‘
Hé 4 chﬁt hoat, dong bé mat loai anion ho sulfonate: LAS, AQS, ALAX, XSA—14l6D
Vo1 ti 1€ phoi tron toi wu 1a 5,75% : 23% : 58,75% : 12,5% theo khoi lugng (twong img nong
d6 theo ppm 52:207:5297:112) hoat dong tot & 140°C, dam bao céc chi tiéu ky thuat nhu 13
bén trong moi truong nhiét d6 cao, do cung va d man nudce bién cao, giam stc cing bé mit
dau—nude xudng thip. N ) ) i i

K~et qua bom ép trén mau 101 cho thay hé s6 thu hoi tir h¢ hoa pham dat khoang 30% trén
hai mau 16i. ) ‘ 9

Cong thirc hé chat hoat dong bé mdt co thé chi &p dung cho mdt khu vuc déc trung véi
dac tinh nhiét @6 va do khqéng hoéa theo thi nghiém. Cac khu vuc khéac doi hoi phai thuc hién
lai quy trinh thi nghiém dé xé4c dinh cong thirc hé chat hoat dong vai ti 1€ méi phu hop cho
khu vuc do.
bong gop cua tac gia: Xay dung y tuong nghién ciru, viét ban thao: P.H.T.; Thi nghiém:
N.V.K.N.; Xt Iy s0 liéu: L.H.L.; Chinh stra bai bao: N.X.H.
Loi cdm on: Chung t6i xin 9ém on Truong Dai hoc Bach Khoa, PHQG-HCM da ho trg thoi
gian va phuong tién vat chat cho nghién ctru nay (BK-SDH-2021-1780304). Nhom tac gia
Xiq cam on Truong Pai hoc Dau khi Viét Nam (PVU) da ho tro thoi gian va phuong tién vat
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Abstract: The White Tiger field has been producing since 1980s with the original oil in
place was estimated about 500 million tons of oil equivalent. The tertiary production stage
was studied and applied in last five years at several spots. However, due to the complexity
of the reservoir, there were unsuccessful pilots. The research using experimental results to
propose the surfactant system for fractured basement rock of the White Tiger field. The
surfactants were screened, selected, and combined from 7 different surfactants. The
combination was tested by group of 2 surfactant to 4 surfactant systems. The 2 core flooding
experiments with the selected surfactant system were conducted on reservoir rock cores to
evaluate the oil recovery. The anion surfactants performed good result in stability under
high temperature and high salinity condition. The group of 4 anion surfactants LAS: AOS:
ALAX: XSA-1416D with ratio 5.75%:23%:58.75%:12.5% satisfied technical requirements
for the enhanced oil recovery solution and used for the following steps. The oil recovery
from core flooding experiment by previous surfactant solution achieved the additional oil
recovery by 1000 ppm surfactant solution was about 30%. The result proposes a low
concentration surfactant flooding for basement rock at high temperature condition. The
1000 ppm total concentration of surfactant suggests a reasonable costs for an enhanced oil
recovery project.

Keywords: Surfactant system; Enhanced oil recovery; Core flooding; White Tiger.



