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LOT NOI PAU

Hoi nghi Toan qudc Khoa hoc Trai dat va Tai nguyén véi Phat trién bén viing - ERSD dugc
Trudng Dai hoc Mo - Dia chat (HUMG) va céc di tac to chirc 2 nam mét lan dé cac nha chuyén mén
trong va ngoai nu6c tu hdi, gisi thi¢u nhiing két qua va huéng nghién ctru khoa hoc mei, thao luan vé
cac xu thé phat trién, thach thirc va co hoi mai ddi vai nhidu linh khac nhau cia Khoa hoc Trai dét,
Tai nguyén va cac nganh khac cd lién quan.

Tiép ndi thanh cdng caa Hoi nghi lan thir nhat nam 2018 (ERSD 2018) va dugc sy cho phép cua
Bo6 Gio duc va Dao tao, Hoi nghi Toan quéc Khoa hoc Trai dat va Tai nguyén véi Phét trién bén viing
1an thir hai (ERSD 2020) dugc Truong Pai hoc Mé - Bia chat (HUMG) ding cai tb chirc vai su phéi
hop dong t6 chirc cua nhiéu: don vi quan Iy, nghién cau khoa hoc, dao tao va san xuat c6 uy tin trong
nugc gom Tép doan Cong nghiép Than - Khoang san Viét Nam, Tap doan Dau khi Quéc gia Viét
Nam, Téng cuc Dia chit va Khoang san Viét Nam, Cuc Do dac, Ban d6 va Thong tin dia ly Viét Nam,
Vién Dia chit va Dia vat ly bién, Vién Khoa hoc Bia chat va Khoang san, Truong Pai hoc Cong nghé
DPong Nai, Truong Pai hoc Pong A, Truong Dai hoc Thi Dau Mét, Téng hoi Dia chat Viét Nam, Hoi
Khoa hoc Cdng nghé Mé Viét Nam, Hoi Cong trinh ngdm Viét Nam, Hoi Dia chit Thuy véan Viét
Nam, Hoi Dbia chat Cong trinh va Moi truong Viét Nam, Hoi Ky thuat N6 min Viét Nam, Hoi Khoa
hoc Ky thuat Dia vat ly Viét Nam, Hoi Tric dia - Ban d6 - Vién tham Viét Nam, va véi sy tham gia
cua nhiéu t6 chirc va ca nhan khac.

Cac cha dé chinh cua Hoi nghi lan nay tap trung vao thao luan céac két qua khoa hoc céng nghé
va hudng nghién ctu méi cua Khoa hoc Trai dat va Tai nguyén thién nhién, Khai thac va st dung tai
nguyén dia chat, Méi truong va cac linh vuc khoa hoc khac ¢6 lién quan nhu Co - Dién, Cong nghé
Théng tin, Xay dung, ... ciing nhu viéc (ng dung chling vao phét trién bén viimg ddi vai nhiéu linh
vuc khac nhau ciia khoa hoc cong nghé, kinh té va xa hoi.

Trong qué trinh t6 chirc Hoi nghi, Ban Té chuc d4 nhan dugc sy quan tm cia dong dao cac nha
khoa hoc, chuyén mon va quan 1y trong va ngoai nudc, trong d6 ¢6 hon 300 bao cdo khoa hoc lién
quan téi cac chu d& cua Hoi nghi di duoc gui tgi Ban bién tap. Trén co sé do, 255 bio céo c6 chat
luong da duoc lya chon va xuat ban trong Tuyén tap tom tit cac bao cao va Tuyén tap cac béo céo
toan van caa Hoi nghi. Bao cdo toan vin dugc tap hop thanh 16 tap, mdi tap tng voi mot cha dé khoa
hoc sau:

1. Pia chat khu vuc

2. Pia chat céng trinh - Pja chat thaiy van

3. Tai nguyén dia chat va phat trién bén viing

4. M6i trwong trong khai thac tai nguyén va phat trién bén viing

5. An toan mg

6. COng nghé va thiét bj khai thac

7. Thu héi va ché bién khoang sdan

8. Cong trinh ngam va Pia ki thugt

9. Vdt liéu va két cau

10. Ky thugt ddu khi tich hop

11. Trdc dia

12. Ban do, Vién tham va Hé thong thong tin dia ly
13. Khoa hoc Co ban trong linh viec Khoa hoc Trdi dat va Méi truong
14. Co khi, dién va Tu dong hoa

15. Cdng nghé¢ théng tin

16. Phan tich di li¢u va hoc may

Toan bo thdng tin khoa hoc vé hoi nghi, trong d6 co Tuyén tap cac bao cdo toan van, duoc dua
I&n trang Website chinh thirc caa Hoi nghi tai dia chi: http://ersd2020.humg.edu.vn/.

Ban té chuc xin tran trong cam on Trudng Pai hoc Mo - Bia chét, véi tu cach 1a don vi ddng cai
t6 chirc Hoi nghi, cting cac don vi dong té chie da hop tac va gop phan quan trong vao su thanh cong
cua Hoi nghi ndy. Cam on cac nha khoa hoc da dong gop cac cong bd khoa hoc c6 gia tri cho Hoi
nghi. Ban t6 chirc ciing danh gia cao sy nd lyc cua Ban bién tap va cac chuyén gia bién tap dé nang


http://ersd2020.humg.edu.vn/

cao chat lugng cua cac bao cao khoa hoc ciing nhu sy ¢6 gang I6n caa Ban thu ky trong viéc chuan bi
va tb chirc hoi nghi nay.

Ban t6 chirc mong mudn tiép tuc nhan dugc sy hop tac chat ché va gép y chan thanh caa cac don
vi va ca nhan ddi véi viéc chuan b, to chic, bién tap, va xuat ban cac béo cao khoa hoc, nham nang
cao chat lugng cua cac hoi nghi tiép theo, gop phan thuc day su phéat trién bén vitng cua cac hoat dong
nghién ciru khoa hoc, chuyén giao cdng nghé thugc cac linh vuc Khoa hoc Trai déat va Tai nguyén va
cac linh vuc khoa hoc khac c6 lién quan.

TRUONG BAN TO CHUC
GS.TS Tran Thanh Hai
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Nghién ctu va thtr nghiém bom ép diesel vao viing non nudc
nham giam ham Iuwgng nudc tai cac gieng khai thac dau nang
via Mioxen trung, bé tram tich Cuu Long
Nguyén Hai An”, Tran Anh Quan’, Nguyén Hoang Buc!, Nguyén Thé Vinh2 Nguyén Vin Thinh?

LTong Céng ty Tham do Khai thac Dau khi (PVEP), Viét Nam
2Khoa Dau khi, Truong Dai hoc Mé - Dja chat

TOM TAT

Céc giéng khai thac tai gian WHPDD chu yéu khai thac dau nang tir via cat két Mioxen Trung trong bé tram tich Cuu
Long, lin diu tién duoc khai thac tai thém lyc dia Vit Nam. Thyc té cho thiy qua trinh khai thac dau véi luu lugng
I6n da lam xuét hién cac nén nude tai ving 1an can day giéng va nudc via xam nhap vao giéng rat s6m véi ham luong
nuée ting nhanh. Ddi vé6i céc giéng khai thac co ham lugng nudc cao néi chung, mdi khi dirng giéng s& xay ra hién
tugng phan i trong trudng va dan tao ra luong 16n nuéc & phan day giéng. Khi thoi gian du dai, lwong nude tac dong
dén khoang via lan can day giéng. Dac biét, vi nhitng viing nén nuéce, lwong nudc tai day giéng sé lién thong vai viing
can d4y giéng tao ra thay dbi dac tinh dong chay hiéu dung céc pha dau va nuéc tir via vao giéng. Chién dich thir
nghiém bom ép dau diesel vao cac giéng khai thac diu nang da dwoc trién khai thuc té tai 5 giéng trén gian WHPDD
va cho két qua kha quan. V&i luong diesel dugc tinh toan cu thé cho ting giéng, diesel d dwoc ép vao mot phan thé
tich viing nén nudc trong via va di lam giam dang ké ham lwong nuéc so véi trudc khi dirng giéng, gop phén ting hiéu
qua dong chay cua dau khi van hanh khai thac lai.

Tir khoa: Bé Ciru Long; Ky thuat mé; Dau nang.

1. Mé dau

Ham lugng nudc cao trong dong san pham khai théc dau khi hién dang 1a van dé ndi com tai cac mo dau
tai Viét Nam. Nudc xam nhap lam giam san luong dau déang ké, dong thoi 1am nay sinh nhiéu phuc tap
trong van hanh khai thac nhu: ldng dong cat hogc can v co (CaCOs) trong long giéng va hé thong thu gom
van chuyen tich tu nuce tai day gleng khi dirng giéng; tach va xir 1y nudc. .. Dac biét, san lugng dau thuong
sut giam rét 16n sau qua trinh dong gleng tam thoi (bao tri, sira chra gleng) dang dat ra théch thic lon. Tai
cac mo dang khai thac dau trong bé Ciru Long, trung binh luu lugng dau khai thac giam 300 - 500 (tham
chi 1000) thung/ngay sau mdi lan dong g1eng Thoi gian dé cac giéng hdi phuc luu lugng dau va giam ham
lwong nuéce vé gid tri nhu trude khi dong giéng cé thé 18n téi 30 ngay. Cac nha diéu hanh khai théc dau khi
tai Viét Nam da va dang nghién ctu, thir nghiém nham han ché ham lugng nuéc trong dong san pham ngay
tir day giéng bang nhiéu giai phap nhu dé ciu xi mang; xtr ly hda chét tao gen; bom ép chit polymer cao
phan tir; va dung parker truong né do nudc (swellen paker) dé cach ly hoic ngan chian doi ngap nuéc. Tuy
nhién, cac két qua cho thay chua co giai phap nao phi hop va mang lai hiéu qua. Thuc té cho thay nhiéu
mo6 da phai lap dat thém hé thng thiét bi nham tang cong suét xir Iy nudc khai thac dat yéu cau trudc khi
Xa thai.

Gian dau giéng Pong D6 (WHPDD) tai bé Ciru Long thudc to hop thiét bi khai thac dau nang hién dang
dugc diéu hanh bai PVEP véi luu lugng khoang 6000 thiing/ngay véi do ngap nudc tir 50 dén 60% tir 7
giéng khai thac. Cac giéng khai thac tir tang dau ning tai bé Ctru Long déu duoc trang bi bom dién chim
vé6i hiéu qua nang chat luu rat tét (1500 - 2000 thung/ngay) va kha ning tiy chinh theo dai rong hd tro
trong viéc téi vu luu luong cho ting giéng riéng biét.

Do dau tai cc via thudc vao loai nang vai chénh léch vé d6 nhét giira nudce va dau 16n nén hé sé do linh
dong dbi lon (M = "r—w /’;ﬂ ~ 12+ 15), c4c via ddu c6 nuéc ké 4p dan t6i hinh thanh nén nudc tai ving
via lan can day gleng Nudc da xam nhap vao giéng rat sém va do ngap nuéc (hé sé WCT) ting nhanh &
tat ca cac giéng mic du quy dao giéng da duoc khoan nghiéng va hoan thién cach mat ranh gigi dau - nuéc
15m.

Vi didu kién khai thac nay, khi dong giéng dé sira chira/bao tri dinh ky, lugng nudc tai cic nén nuée &
ving lan can day giéng tao hiéu ung tw ngam nudc 1am hinh thanh kénh dan nuéc tir ving nuée ké p vao

* Tac gid lién h¢
Email: annh1@pvep.com.vn



day giéng. Khi khoi dong lai, cac giéng déu c6 ham lugng nudc khai thac cao hon (trudc khi dong) va thoi
gian kéo dai 1am tén that luong 16n luong dau.

Nghién ctiu thir nghiém giai phap bom ép dau diesel vao ving can ddy gleng khai thac tang dau ning
vGi muc tiéu lam giam d6 ngap nudc va ting chi 50 khai thac dau cuia cac giéng sau thoi gian dai dirng khai
thac. So véi cac giai phap can thiép/sira chira giéng khac nhu: théi cat; chan doi ngap nudc hay xu ly axit,
bom ép dau diesel c6 nhidu thuan loi hon do c6 thé bao quan thiét bi long giéng dac biét 1a cdc may bom
dién chim; dong thoi 1am ting bdo hoa dau va thay dbi d6 thAm cua pha dau tai khoang mo via chiu tac
dong cua céc nén nusc. Thuc té trién khai cho thay giai phap nay an toan d6i véi giéng, via va thu hoi lai
hét phan dau diesel cuing véi dau thd trong qua trinh khai théc tro lai.

2. Bic tinh chit luu va da chira ting Mioxen Trung bé Ciru Long

Céc tap cat két chira dau tai bé Curu Long thudc hé tang Con Son cé tudi dia chat Mioxen Trung véi
chiéu day trung binh 30 - 40m ¢ d¢ sau trong khoang tir 1200 - 1600mTVDSS va chiéu cao khép kin ciu
tao tir 60 - 90m (Hinh 1). Ranh giéi dau-nuéc di duoc xac dinh cho tat ca cac via chira dau boi tai liéu dia
vat ly giéng khoan va tai liéu khao sat 4p suat.

N | B |

Hinh 1. M& hinh md phdng khai thac c4c via Mioxen trung bé Cizu Long

Cac via chira diu bao gdm cac than cét day va ting phan |a cét lap day long song cb c¢6 dic diém dang
hat min dan vé phia néc via, dac trung rd nét hinh thanh trong moi trudng bién ndng ven b, vinh ¢ anh
huéng cua bién va sdng. Két qua phan tich mau 16i tir cac giéng khoan thiam do (Hinh 2), thdm luong cho
thdy da chtra c6 chét lwong tét véi do rdng tir 13 - 37% va do tham tir 10 téi 8000mD. Chat lugng via chira,
cha yéu 1a d6 tham chiu anh huéng béi kich thudc cac hat va sy phan bd cua ham luong sét. D4 cat két co
d6 dinh w6t wa nudc Vi chi sé do dinh uét tir 0,31 - 0,6.
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Hinh 2. Ho duwong cong tham pha va ap suat mao dan dda chiva Mioxen Trung



Tang Mioxen Trung dang dwoc khai thac bao gom 03 via chira dau duoc dua vao phat trién 1a
MioT.DN.20, MioT.DN.30 va MioT.1.10. Két qua phan tich mau luu thé cho thiy dau tai cic ting
MioT.DN.20, MioT.DN.30 Ia dau nang ty sé khi hoa tan trong dau rat thap (chi vao khoang 5 - 10 b
khéi/thiing) va ap suét diém bot khi ciing thap (70 psia), nhu vay ngudn nang lugng tu nhién tir khi hoa tan
dong gop it 1én hiéu qua thu hdi dau. Nang lugng via duoc danh gia theo tai liéu khai thac chi ra cac tap via
nay c6 su hd trg manh cua ting nude day, ngoai ra c6 mot phan nhé nang lugng cua khi hoa tan va su gian
nd caa da. Cac giéng dang khai thac v6i ham luong WCT khé cao tir 80% dén trén 90%.

Theo céc két qua nghién ciu thily dong luc hoc trong khi do phan bd ap suat va lay mau chat luu, dau
clia CAC tang ndy co cac tinh chat dic trung cia dau nang vaéi ty trong 21 - 26°API, d6 nhét cao (t6i 30cP)
va dugc danh gi4 1a gay ra nhiéu kho khan, thach thirc khi khai thac. Cac mé hinh chét luu da duoc sir dung
dé mo phong trang thai bién d6i pha trong qué trinh dau di chuyén trong via va vao giéng khai théc.

3. Pong thai khai thac dau

Tap via MioT.DN.20 dang khai thac dau tir 04 giéng duoc khoan nghiéng vao via véi cac khoang chiéu
dai 200 theo than giéng khoan va cach ranh gigi dau-nuéc tir 15 - 18m. Bom dién chim da dwoc nghién ciu
&p dung cho thay mirc @6 phi hop tét véi luu lwong dau dat 1.300 - 1.500 thung/ngay ¢ thoi ky dau khai
thac. Giéng WHPDD-3 va WHPDD-6 sau khoang 2 thang khai thac da xut hién nuéc via, luu lugng giam
rd rét xuéng con khoang 300 - 400 thing/ngay véi ham luong nude ting kha nhanh dat 30% - 60% sau 1
thang xuat hién trong giéng. Dong théi khai thac cua tang MioT.DN.20 dugc thé hién trén (Hinh 3).
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Hinh 3. Bgng théi khai thac tang MioT.DN.20

T4p via MioT.DN.30 dang khai thac giéng WHPDD-7 véi luu lugng dau ban dau ~ 1.700 thing/ngay,
nhung ham luong nuéce ting kha nhanh ngay sau 1 thang khai thac nén gieng duogc toi uu ché do lam viéc
dé luu lugng dau 6n dinh. Bong thai khai thac tang MioT.DN.30 duoc thé hién trén (Hinh 4).
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S6 liéu khai thac céc giéng cho thay nudc da xuat hién twong ddi sém va nhanh chéng lam giam luu
lugng dau cua cac giéng. Cac nghién ciru phan tich dong thai khai thac va khao sat mé Hinh 3D cho thay
¢6 hién tugng nudc xam nhap tir viing nude day k& &p vai via va hinh thanh cac c¢on nude(Chapron, 1986)
& vung l1an can day cac giéng khai thac. Ving nude day(Craft va nnk, 1959)cé hd tro ning luong via trong
dbi 16n cho thiy mirc d6 phtrc tap khi diéu tiét khai thac théng qua luu lwong chét Iuu. Biéu d6 biéu dién
quan hé do ngap nuéc vai tong luong dau khai théc cua céc giéng (Hinh 5) cho thidy mirc d6 ngap nude
tang manh tir khi bat dau xut hién nudc cho dén 50%, sau d6 c6 mirc do ting giam dan nhung cham.
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Hinh 5. Péng thdi dé ngdp nueéc ciia cac giéng theo téng leong dau khai thac

4. Hién twgng tao nén nwéc ving can day giéng

Trén co so két qua nghién ciru vé dic tinh cac tang cat két Mioxen Trung caa mé, tinh chét dau trong
diéu kién mo va ché do khai théc céc giéng, dic biét 1a thoi gian bét dau xuat hién nude va dong thai cua
thong s6 WTC, cho thiy hién twong non nudc (water-coning) da xuét hién sém va nu6e bit dau vao giéng
sau 2 - 3 thang khai thac. Nén nude da dugc hinh thanh tai ving xung quanh day giéng (Chapron, 1986) va
can trg dong dau chay vao day giéng dan t6i lugng nuéc chlem phan 16n tong Iwu luwgng chét luu khai thac
hang ngay. Hién tai, anh huéng cia nén nudce da phat trién mo rong o phan via bén dusi than giéng cho
dén ranh gigi dau-nugc (Hinh 6) va nudc via chlem phan 16n ty phan chat luu trong giéng.
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Hinh 6. Su hinh thanh cac nén nudc sau thoi gian khai thac voi luu lrong cao

Luong nudc ting qué cao da va dang gay nhiéu kho khan, thach thirc cho hoat dong khai thac(Marcelo
Danemgerg Marsili va nnk, 2015) nhu: giam lwu lwgng dau, ting chi phi bom va xir Iy tach nuéc, ling dong
mudi, phét sinh cat... Dac biét, trong qué trinh ding khai thac s& thay doi phan bd cot chét long do phan ly
trong trudng giira dau va nuéc. Trong khoang thoi gian nhét dinh sau khi dimg giéng, dau s& ndi 1én trén
nuéc va ca cot chat luu nay s& tic dong nguoc tro lai via chira. Chénh léch ap suit gitra day giéng va via
tang 1én nhanh chéng ddng thoi s& dan tao co ché dong chay chét luu tir giéng vao via cho dén khi can bing
&p suat. Sau khi két thic qua trinh tao dong chay do chénh &p giéng - via, co ché mao dan bit dau hoat dong
do phan phia duéi cot chat luu trong giéng 1a nudc. Theo tai liéu phan tich mau 16, da chira mioxen trung
thuoc loai dinh w6t nude nén nudc s& bi ngam vao phan via 1an can day giéng theo ca 2 huéng: tir day giéng
Vao va tir viing non nudce.



Nhu vay, néu thoi gian ding giéng dai, viing via lan can day giéng s& thay doi do bao hoa chat luu voi
co ché bdo hoa nudc tang dan 1én. Theo thoi gian ban Kinh ving dnh huéng s€ lan rong va tao dong chay
nudc chiém vu thé khi khai thac giéng tro lai. Tuc 1a WCT s@ tang ¢ thoi ky dau ngay khi ma khai thac tro
lai.

5. Giai phap

Dau diesel 1a san pham tinh ché tir ddu mo c6 @6 nhét dong hoc 1,8 - 5,0 xenti stoc (cSt tai 20°C), nhiét
d6 béc hoi tir 175 téi 370°C thuong duoc ding lam nhién lidu cho dong co dbt trong. Trong cong nghiép
dau khi, dau diesel con duoc ding trong bao quan cic may va dong co ciing nhu cac thiét bi trong long
giéng. Do c6 d6 nhét twong duong dau nang trong tang Mioxen Trung nén dau diesel duoc lya chon dé xur
ly thir nghiém céac con nudc 1an can day giéng (két hop khi bom diesel dé bao quan bom dién chim trong
thoi gian dirng khai thac mo dé bao dudng dinh ky hé thong thiét bi khai thac).

Giai phap bom ép dau diesel vao vang lan can day giéng véi muc dich day thé tich nudc trong long giéng
Va0 sAu trong via dong thoi 1am thay d6i bao hoa chat luu ciing nhu cai thién do tham pha hiéu dung cua
dau. Cac thay d6i nay s& bao quan dugc hoidc tham chi cai thién chi sb khai théc dau khi goi lai dong sau
thoi gian kha dai ding giéng. Luong dau diesel sir dung cho ca 5 giéng duogc tinh toan nhu (Bang 1) bén
dudi. Dau diesel duoc bom vao cac giéng qua cay thong khai théc ngay sau khi cac giéng duoc dimg bom
dién chim. Véi thé tich nay, di xam nhap cua dau diesel vao via ciing duoc tam tinh khoang 15 - 16 cm
xung quanh day giéng. Giéng WHPDD-3 duoc tinh todn dé c6 dugc vang diesel xam nhap vao via véi ban
kinh 1m tinh tir than giéng (twong dwong 1,1m tinh tir tdm giéng).

Bang 1. Lirong dau diesel siz dung cho 5 giéng
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1 WHPDD-2 15 22 25 163 0,15 10
2 WHPDD-3 22 35 27 165 1,10 150
3 WHPDD-4 15 22 29 147 0,15 10
4 WHPDD-6 20 30 27 164 0,16 12
5 WHPDD-7 16 22 27 94 0,17 10

Sau thoi gian 3 tuan dirng toan bo hé théng dé bao dudng, cc giéng dwoc khoi dong khai thac tro lai
vé6i thong sé 1am Viéc dugc biéu dién tai (Hlnh 7), téng lwu lwong dau cua mo ting trén 600 thung/ngay.
bac biét tai cac giéng c6 bom dau Diesel vao than gleng, luu Iugng dau cao hon va 6n dinh so véi trude
khi dong giéng. Dong théi khai thac cua tat ca cac gieng co6 ap dung bom ép diesel cho thay hiéu qua lam
giam WCT ¢ cac mirc d¢ khac nhau, dic biét giéng WHPDD-3 dat két qua tét nhat. Giéng WHPDD-7 ¢6
két qua tot mac du muc do diesel ép vao via chi 0.17m, chii yéu 1a do dic tinh chét luu va via MioT.DN.30
khéc so véi nhoém MioT.DN.20, dong thoi luu lwgng dau trude khi dong giéng con 16n (trén 400 thing
dau/ngay).

Giéng WHPDD-3 c6 dong thai khai thac duoc cai thién rd rét voi luu lugng dau ting trong khi giam
téng luu lugng chét luu khai thac, tic 1a dat ky vong lam giam ham lugng nudc khai thac. San luong giéng
sau khi mé khai thac lai cao hon trude khi dong giéng. Cu thé, san lwong khai thac trung binh truée khi thi
nghiém la 160 thang/ngay va sau khi mé lai giéng 1a 322 thung/ngay kéo dai khoang 3 tuan. Lwong dau
tang thém cua riéng giéng WHPDD-3 cho dén hét thang 11/2017 dat 3716 thung.

Bom diesel vao ving can day giéng da gitp giam ham luong nudce va gia ting luu luong dau. Didu nay
ching to tac dong tich cyc cua diesel vao viing nén nudce trong via va lam thay doi do tham hiéu dung cua
dau tai cac giéng c6 ham lugng nudc cao. Hiéu qua cua giai phap dugc ching minh bai mé hinh mé phong
khai thac voi mire d6 hiéu chinh duong cong tham pha va tinh dinh w6t (théng qua &p suat mao dan) cho
viing via ¢6 anh huéng ciia nén nuge. SO ligu md phong cho thiy non nudc c6 thé duge xu 1y tot hon khi
lugng diesel dién day vao thé tich nén nude va luu lugng khai thac dau (sau khi xir 1) duge didu chinh phu



hop véi diéu kién via nham kéo dai thoi gian khai thac hi¢u qua. Tuy nhién can can nhic dén luong diesel
bom vao dé téi wu hiéu qua kinh té cho giai phap.
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6. Két luan

Gian dau giéng WHPDD tai bé Ctru Long 1a t6 hop thiét bi khai thac dau ning dau tién tai thém luc dia
Viét Nam. Bic tinh via chira va dong thai khai thac cho thiy cong nghé khai thac bang bom dién chim rat
pht hop véi than dau nang c6 do tham tdt. Tuy nhién via chira lai ton tai ving nuéc ké ap ngay bén dudi
da gy nhiéu thach thirc cho cdng ngh¢ van hanh khai thac céc giéng.

Hién tuong hinh thanh cdc nén nuéc vung lan can ddy giéng va nuéc xam nhap som vao giéng, khong
nhitng han che dén kha ning cho dong dau cua giéng ma con gay ra nhleu phuc tap khac trong qua trinh
khai thac giéng nhu tao nhil, lang dong cat, mudi vé co, v.v.. trong long giéng. Bom ép diesel vao ving can
day giéng da day 1ui non nudc ra xa than giéng, ddng thoi 1am ting bio hoa dau ving via lan can day giéng
gilp lam giam luu luong nuéc xam nhap va lam ting dang ké d6 tham hiéu dung cua pha dau.

Ap dung bom thir nghiém diesel vao céc giéng tai glan WHPDD da dugc thyuc hién thanh cong véi cong
tac van hanh don gian nhung lai cho hiéu qua cao, cac giéng khai thac déu co diéu kién khai thac tét hon
nhiéu so véi trudc khi xur ly day giéng.
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ABSTRACT

Studying and testing on diesel injection into water - coning zone to
reduce water-cut in heavy oil production wells from Middle Miocene
reservoir, Cuu Long basin

Nguyen Hai An?, Tran Anh Quan?, Nguyen Hoang Duc?, Nguyen The Vinh?, Nguyen Van Thinh?
!PetroVietnam Exploration Production Corporation (PVEP), Vietnam
2 Faculty of Qil and Gas, Hanoi university of Mining and Geology (HUMG), Vietnam

The producers at the DD Wellhead platform (WHPDD) produced mainly heavy oil from the Middle
Miocene in Cuu Long basin, which is produced for the first time in the continental shelf of Vietnam. In
fact, the heavy oil production with a high flow rate has appeared the water-coning in near wellbore areas.
That made the water breakthrough early and water-cut increased rapidly. For producers which had high
water-cut, when the wells are shut-in, gravitational dissociation will occur and gradually create a hight
water volume at the well bottom. When the time is long enough, the amount of water affects the near
wellbore area. In particular, for water-coning, the water at wellbore connects with the near-area to change
the effective permeability of oil and water phases from the reservoir to wells. The pilot test of injecting
diesel into heavy oil wells has been applied to 5 wells on the WHPDD with positive results. With the
amount of diesel calculated specifically for each well, diesel has been injected into apart of the volume of
the water-coning zone at the reservoir and has significantly reduced water-cut comparing before wells shut-
in. That has contributed to increasing the flow efficiency of the heavy oil when producing again.

Keywords: Cuu Long Basin; Reservoir engineering; Heavy crude oil.
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SUSTAINABLE DEVELOPMENT

Pic diém hinh thanh gas hydrate, dy bao gradient dia nhiét
khu vye dong bac vung bién Quy Nhon

Lé Ngoc Anht~
Truong Dai hoc Mo - Dja chat

TOM TAT

Gas hydrate phat trién rong khap cac viing trén thé gidi, chu yéu doc theo b cac bién sau va dai duong.
Ching phén bé trong long dat ¢ dang c4c tich tu dia tang, cau tao hodc hdn hop. Su cd mat cua gas hydrate
ma& ra mot trién vong 16n vé ngudn ning lwong méi trong tuong lai. Gigi han dia tang bén dudi cua gas
hydrate dugc xac dinh 12 mat phan xa BSR trén tai liéu dia chin. Dwa vao diéu kién nhiét d6 va p sut ton
tai cua d6i gas hydrate 6n dinh, mat phan xa BSR xac dinh duoc tai ving bién Quy nhon dé duoc sir dung
dé dy béo geothermal gradient tai khu vuc nay véi gié tri dao dong tir 20 - 26 °C/km.

Tur khéa: Gas hydrate; Quy Nhon; Gradient dia nhiét.

1. Gigi thiéu

Gas hydrate la cac tinh thé bang rén duoc thanh tao tir céc phan tir nuéc (mang giam gitr) va cac phan tir
khi ty nhién nhe nhu metan, etan, propan, butan hay cacbon dioxit (phén tir bi giam giir). Gas Hydrate hinh
thanh khi hoi tu day du cac diéu kién Ve | nhiét do, ap suit, d6 b&o hoa khi, tinh chat hoa hoc cua moéi truong.
Gas Hydrate thanh tao trong céc khe rdng cua tram tich va déng vai trd nhu xi mang gin két cac hat da.
Khi ham luong khi methane vuot qua 75% thanh phan cia Gas Hydrate thi thuong dugc goi 1a Methane
Hydrate (Mazzini et al., 2004, Popescu et al., 2006). Hau hét Gas Hydrate c6 mau trang duc, ngoai ra nguoi
ta cling da tim thiy & bién Mexico c6 mau vang tham chi mau do. Con ¢ day Pai Ty Duong va cao nguyén
Black-balama c6 mau xam xanh da troi. C6 I8 do anh huong cua tap chat nén mau sic cua gas hydrate tim
thdy ¢ tirng viing ¢6 mau séic khac nhau (Demirbas, 2010) (Hinh 1).

a1

Hinh 1. CAc mdu gas hydrate dang chdy (Demirbas, 2010)

Gas Hydrate hinh thanh ¢ nhiét d6 thap, &p suét cao va ¢ ngudn sinh khi day dii; vi vay trong tu nhién
t6n tai & 2 kiéu ché do dia chat co ban: viing Cuc, & dudi c4c 16p bang va thir hai 12 noi dudi day bién, noi
c6 do sau trén 500m. Ria luc dia Viét Nam c6 mot sé khu virc c6 ché do dia chét the hai, bé day cua cac
tich tu Gas Hydrate c6 thé Ién t6i hang trim mét.

O khu vuc biang vinh ctru (viing Bic Cuc) ludn ton tai mot 16p bang day hang nghin mét, tao nén &p suat
I6n cung diéu kién nhiét do ludn thap 1a noi thuan loi dé tao thanh gas hydrate. Hon nita ban than 16p bing
nay ciing 1a 16p chin tét tao thanh by chira tich tu khi. Do d6 khu vuc bang vinh ciiu ¢6 thé chira hang
nghin ti m? khi methane dong thoi ciing 1a noi du trir khi khong 16 ¢6 thé khai thac st dung trong tuong lai.

Vi gradient &p suat khoang 1MPa/100m nudéc, thi ¢ dd sdu 500m &p suat khoang 5 MPa, nhiét d¢ 7-8
°C 1a diéu kién ly thich hop hinh thanh gas hydrate (Kvenvolden, 1988).

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



Bai bao nay s& néu t6ng quan vé lich sir nghién ctu gas hydrate, quy luat phan bé cua gas hydrate trong
khong gidi han vé khong gian va dia ting ciing nhu ung dung cua su xuét hién gas hydrate tai viing bién
Quy Nhon dé dy béo gradient dia nhiét cho khu vuc nay.

2. Lich si¥ nghién cwu gas hydrate

Nhiing nghién ctru vé Gas Hydrate duoc bt diu vao nam 1778 (boi Priestly), trong khi d6 tinh chat hoa
hoc ciia Gas Hydrate dugc phét hién vao nam 1810 bai Sir Humphrey Davy, 6ng da nhan ra tinh thé dang
bang duoc thanh tao khi dung dich bio hoa khi dugc 1am lanh. Bang 1 chi ra cac méc lich sir quan trong
trong nghién ciru gas hydate. Gas hydrate ban dau dugc nghién ciru va phat hién trong phong thi nghiém
dugc xem 1a hién tugng la Ky vi ching dugc hinh thanh phia ngay phia trén diém ngung ctia nugc. Sy ton
tai cua gas hydrate tai day dai dwong duoc phét hién dau tién da vao nhitng quan sat trén tai liéu dia chan
vao nhitng nam 1970 (Tucholke et al., 1977). Cac hoat dong tim kiém tham do gas hydrate dugc trién khai
boi cac nha hai duong hoc va dia chat dau khi trong suét nhiing thap ky qua da gitp lam sang t6 sy phan
bé trén dién rong cua khi gas hydrate trén thém luc dia cua thé giéi (Gupta, 2004).

Bang 1. Lich sir cac phat hién va nghién ciu gas hydrate

Nim Thanh tuu

1888 Metan Gas Hydrate duoc lan dau tién phét hién boi Villard

1934 Hydrate gay tic nghén cac duong 6ng

1952 CAu tric tinh thé | (sl - structure I) dugc xac minh

1964 Gas Hydrate dwoc tim thiy ¢ viing dong bang Siberia (Nga)
1970 Céc nha hai duong hoc khoan qua tich tu Gas Hydrate

1981 Mot tau khoan & Guamtemala di 1iy duoc mot mau Gas Hydrate
1982 Bt du tim kiém c6 chu dich céc tich tu Gas Hydrate

3. Quy luat phan bé gas hydrate

Theo du bao cua cac nha khoa hoc, cac tich tu Hydrate khi phan bé hau nhu khip noi doc theo b cac
bién sau, dai dwong (Hinh 2). Nhiing noi Hydrate khi phong phu nhat trén thé gici 1a Xibiri, c4c vang bién
Dong Bic A, bién Dong, thém luc dia Nhat Ban (dac biét 1a phia Pong), ving luc dia phia Bic My, Béc
Alasca, Thai Lan,...Trir lugng cua hydrate khi & Canada dugc xem la nhiéu nhét thé gisi, sau d6 1a Nga,
Hoa Ky, An D¢, Nhat, Trung Qudc. Tinh thé khi hydrate tich tu tai bién Pong dwoc danh gia c6 chét luong
t6t nhat véi ham luong khi metan tGi 99%.

Theo lu.A Diain va A.L Gusin - Pai hoc Tdng hop Novoxibirxk, trit lwong Hydrocacbon (chi yéu 1a
Metan) chtra trong Hydrate khi c6 thé t6i 2,1.10%® m?, I6n gp 2 1an trit lugng nhién liéu hoa thach quy d6i
c6 trén hanh tinh. Néu khai thac dugc thi chi 10% lugng khi trén ciing da gap 2 lan lwong khi khai thac tir
cac ngudn truyén thdng. Trix lugng cua Hydrate khi & Canada dwoc xem la nhiéu nhat Thé gidi, sau dé 1a
Nga, Hoa Ky, An Do, Nhat, Trung Quéc.
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Hinh 2. Ban d6 phan bé gas hydrate trén thé gici (duwa theo tai liéu cia US Geological Survey _ USGS),
cdp nhdt den nam 2013 (Chong et al., 2016)



4. C4c dang tich tu gas hydrate

C6 3 dang tich tu gas hydrate dugc phan loai dua vao dudng dan chat luu va mie do tap chung cua gas
hydrate trong dai gas hydrate 6n dinh (GHSZ) (Hinh 3). CAc tich tu c4u tao ton tai khi hé thong dit gdy,
nti lra va cac cdu trac dia chat khac tao duong dan cho chét Iuu dich chuyén tir dudi di 1én tién vao doi
GHSZ. Bbi véi céc tich tu dang dia ting, cac tinh thé gas hydrate thuong dwoc hinh thanh do khi sinh hoc
tao ra tai chd hoic dugc dich chuyén dén véi tée 6 cham tir cac ngudn dudi sau. Tich tu dang hdn hop la
su két hop cua ca dang ciu tao va dia tang.

Tich tu gas hydrate lién Tich tu gas hydrate
quan dén hé théng dut gay lien quan dén nai Itra
| Mt bién Mat bién
Cac bng khi Bong béng khi

/ \ phun theo chu ky

|_GuS *HS7_|
_‘_—/ x_————
Tram tich /
nui Ira

\/k___-—

| % gas hydrate

| X gas hydrate

Tich tu gas hydrate dang dia tang Tich tu gas hydrate dang hén hop

Mt bién | Mt bién

Tram tich c6 kha n&ng thAm

TrAm tich co kha n&ng thdm
| \ Pay bién N Day bién
XK
4 X X . 2

| GHSZ > X X XX

e ———— e ———

| X gas hydrate | X gas hydrate

Hinh 3. Tich tu gas hydrate dang cdu tao, dia tang va hon hop (Milkov and Sassen, 2002)
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5. Duw b4o gradient dia nhiét tai ving bién Péng Bic Quy Nhon
5.1. Phwong phdp nghién ciru

Mot trong nhitng dau higu dé nhan biét sy ton tai cua gas hydrate 1a mat phan xa méd phong day bién
(BSR). Mit nay dugc xem la day ciia d6i gas hydrate 6n dinh. Dickens and Quinby - Hunt (1994) da xay
dung cdng thire thuc nghiém dé xac dinh nhiét do tai day ctua d6i GHSZ hay chinh 1a nhiét d6 tai mat phan
xa BSR trén tai liéu dia chéan.

%: 3,75.10%-2,83.10%. (log P) (1)

Trong do:

T: Nhiét d6 tai mit phan xa BSR (°K)

P: Ap suét tai mat phan xa BSR (MPa)

Dé xac dinh duoc &p suat tai mat phan xa BSR, cac budc 1am cu thé nhu sau:

- Str dung tai liéu dia chan 2D, xéac dinh thoi gian truyén séng (TWT, ms) toi BSR va vi tri twong Gng
tai day bién.

- Sau d6 thoi gian truyén song dugc chuyén dbi sang do sau (Z, mét).

- Tir d6 sau day bién (Z_SF, mét), dya trén dd thi Hinh 4 x4c dinh nhiét do day bién (T_SF, °C).

- Tir d6 sAu mat BSR (Z_BSR, mét), tinh &p suat thuy tinh tai d6 (P BSR, MPa) theo cong thiic sau:

P= Psea water + 9 - Z. 10_6 (2)

Trong do:

P: Ap suit thay tinh, don vi la Mpa

Dsea water. Mat do ciia nude bién, gid tri trung binh khoang 1025 kg/m?3

g: Gia toc trong trudng, gia tri trung binh gia tri trung binh 9.8 m/s?

Z: chiéu cao cot nudc bién, don vi la mét.

Nhiét do (°C)

o > 10 0 0 2% 10

S6 liéu do thuc té

D =62493T"'¥

200

1000

Wang
Thuc nghiém

1500

D6 sau (m)

2000

1000

Hinh 4. Puong cong nhiét dé nurée bién Pong theo dé sau tir s6 liéu thuc té va cong thitc ciia Wang
(Cuong et al., 2014)

5.2. Két qud nghién ciru
O day, tac gia st dung két qua minh giai dia chan 2D ciia Nguyén biéu (2011). Két qua tinh toan dwoc

biéu dién trong Bang 2. Két qua tinh toan cho ra Gradient dia nhiét ciia d6i Gas Hydrate tai ving suon luc
dia Bong Nam Quy Nhon vao khoang trén 20 - 26°C/km.
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Hinh 5. Mdt cat dia chén qua déi thoét khi phuic tap hinh ddng thuéc phéat trién trén h¢ dit gay & kinh
tuyén trong khoang 109°30 vung bién D-B Quy Nhon (Biéu, 2011).

Bang 2. Két qud tinh toan gia tri gradient dia nhiét khu viee DB viing bién Quy Nhon

_ TWT.SF TWT_BSR ZSF T.SF H_BSR HBSR ZBSR P_BSR 1T T Gradient
Y w9 (w0 m9 m ) (MPa (UK) @O (@ Cim)
1 760 1230 570 6.8 470 423 993 9.99707  0.003467 15.431 0.020404
2 810 1320 607.5 6.5 510 459 1066.5 10.73703 0.0034583 16.163 0.021052
3 950 1400 7125 6 450 405 1117.5 11.25048 0.0034525 16.644 0.026281
4 1050 1690 787.5 57 640 576 1363.5 13.72709 0.0034281 18.710 0.022586
5 1130 1780 847.5 5.4 650 585 14325 14.42175 0.003422 19.227 0.023636
6 1220 2000 915 5.2 780 702 1617 16.27921 0.0034071 20.504 0.021801
7 1300 2110 975 4.9 810 729 1704 17.15509 0.0034007  21.060 0.022167
8 1450 2200 1087.5 4.5 750 675 1762.5 17.74404 0.0033965 21.419 0.025065

(Ghi cha: SF: Seafloor)
6. Két luan

Gas hydrate da dugc nghién ciu tir rat 1au tir nhitng nam 1888 nhung mai dén gan 100 nam sau cting voi
su phét trién caa dia chan phan giai cao, gas hydrate bat dau dwoc dua vao tim kiém c6 cha dich. Dén nay,
gas hydrate dwoc khoanh dinh hadu nhu khip noi doc theo bd céc bién sau, dai duwong. Trir lugng
hydrocacbon (chu yéu 1a metan) chtra trong hydrate khi c6 thé t6i 2,1.102*m3, 16n gép 2 lan trit lugng nhién
liéu hod thach quy ddi c6 tren hanh tinh. Gas hydrate dugc phan bb trong cdc tich tu dang chu tao, dia tang
hodc hdn hop. Diéu kién ton tai cua gas hydrate 1a nhiét do thip va ap suat cao. Dwra vao diu hiéu gian tiép
la mat phan xa BSR tai khu vuc Quy nhon, gradient dia nhiét dugc tinh toan va du bao cho khu vuc nay c6
gia tri dao dong tr 20 - 26 °C/km.
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ABSTRACT
The nature of Gas hydrate and estimating geothermal gradient of
North-East Quy Nhon sea

Le Ngoc Anh!?
! Hanoi University of Mining and Geology

Gas hydrate has been documented worldwide, along the continental shelf and ocean. They occur at
different water depth and in different tectonic settings. Gas hydrate accumulation has been classified into
three types distinguished based on the mode of fluid migration and gas hydrate concentration. The base of
gas hydrate is marked by the Bottom Simulating Reflection (BSR). Based on the occurrence of BSR along
the Quy Nhon sea, the geothermal gradient of the area has been estimated at 20 - 26 °C/km.

Keywords: Gas hydrate; Quy Nhon; Geothermal gradient.
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Interpretation of mud diapirs using 2D seismic attributes and
Unsupervised Neural Network: A case study of the Song Hong Basin

Le Ngoc Anh'*, Ha Quang Man?
1 Hanoi University of Mining and Geology
2 Petrovietnam Exploration and Production Corporation (PVEP)

ABSTRACT

Structures associated with mud diapirs have been recognized as being of great significance in hydrocarbon
exploration and production. However, its formation mechanism and behaviour of shale have been less
understood than salt until the last few decades, as mud diapirs attracted more attention from hydrocarbon
exploration and production industry. Our studies demonstrate that the occurrence of mud diapirs in the Song
Hong Basin associated with major petroleum fields within the basin, which have a significant impact on all
the aspects of petroleum systems. detail interpretation of the 2D muntichannel seismic data in the central
part of the Song Hong Basin allowed us to identify 4 diapir structures. These mud diapir confined to several
lithology units, which have been resulted from a typical tectonic and geological period, reflecting critical
overpressuring events. The discovery and identification of the occurrence of mud diapirs implied a great
potential for prediction of structural traps in the central part of the Red River Basin.

Key words: Mud diapir; Song Hong Basin; Petroleum system; K-mean; SOM.

1. Introduction

Mud volcanism and diapirism have been recorded to be present in many places within the solid Earth.
They have mainly been produced in compressional tectonic setting (Kopf 2002). A mud diapir is an
intrusive structure characterized by a slowly upward migrating mass of clay-rich sediment and fluid
discharge (Kopf 2002), whereas a mud volcano usually occurs above the diapir, as a result of fluid migration
directly along the body of the mud diapir or through faults (fractures) connected to the mud diapirs (Kopf
2002, Milkov 2005). Therefore, mud volcanoes represent the last manifestation of diapirism (Kopf, 2002).
Thus, all mud volcanoes are diapirs but not vice versa (Soto, Fernadndez-1béfiez et al. 2012).

Mud diapirs have been linked to both extensional and compressional stress regimes. The diapirsm is
triggered by overpressure in sedimentary layers due to the rapid sedimentation and gas generation (Milkov
2000, Dimitrov 2002, Talukder, Comas et al. 2003); Tectonic processes are considered to be the main
driving forces for the development of the mud diapirism (Milkov 2000, Talukder, Bialas et al. 2007).

The Song Hong Basin is the one of largest Tertiary sedimentary basins situated in continental margin of
the East Sea. Its formation is often considered to be linked with the timing and motion of the Ailao Shan-
Red River Strike-slip Fault Zone and transtensional break-up of the pre-Cenozoic basement along the East
Sea during the Cenozoic. (Rangin et al., 1995; Sun et al., 2004; Clift and Sun, 2006; Hoang et al. 2009; Zhu
et al., 2009). Previous studies based on 2D and 3D muntichannel seismic data have documented the
occurrence of many submarine mud volcanoes, gas seeps and mud diapirs within the Song Hong Basin
(Fig. 1). Although these mud diapirs are of importance for formation of structural traps, its formation timing
and mechanism are still opened to uncertainty.

In this study, the authors will focus on characterization of mud diapir-like structures by detail seismic
facies analysis and re-interpretation of 2D seismic lines cutting across the central Song Hong Basin. We
will further establish the geodynamic conditions in order to explain how the mud diapirs have been
produced in this area.

*Tac gid lién h¢
Email: lengocanh@humg.edu.vn
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Figure 1. Mud diapir distribution in Song Hong basin (Nguyén Tién Thinh 2017) and location of
seismic line B used in this paper.

2. Methodolgy
2.1. Seismic facies and attribute analysis

Seismic attributes can be conveniently defined as the quantities that are measured, computed or implied
from the seismic data. From the time of their introduction in the early 1970s, seismic attributes have gone
along the way and they became an aid for geoscientists for reservoir characterization and also as a tool for
quality control (Chopra and Marfurt 2007).

Seismic facies analysis is an useful tool for reservoir characterization. A seismic facies unit can be
defined as a sedimentary unit which is different from adjacent units in its seismic characteristics.
Parameters that should be taken into consideration in the seismic facies analysis are as follows: reflection
amplitude, dominant reflection frequency, reflection polarity, interval velocity, reflection continuity,
reflection configuration, abundance of reflections, geometry of seismic facies unit, and relationship with
other units (Roksandi¢, 2006). Interpretation of seismic facies data may be either direct or indirect. The
purpose of the direct interpretation is to find out geological causes responsible for the seismic signature
of a seismic facies unit. So, the direct interpretation may be aimed at predicting lithology, fluid content,
porosity, relative age, overpressure shales, type of stratification,... Generally, frequency attributes relate to
bed thickness, wave scattering, and absorption. Time attributes relate to structure and amplitude attributes
relate to stratigraphy.

2.2. Seismic facies Classification

Understanding different attributes that can be used as tools in interpretation, it is useful to understand

the classification of different attributes at this stage. The more seismic attributes available, the more
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confusion geoscientists may have in selecting the appropriate ones. Improved documentation and a greater
understanding of the underlying rock physics that give rise to an anomaly, the role that seismic processing
plays in enhancing or destroying attribute anomalies, and the value of seismic attributes in the absence of
good well control are areas where assistance is needed (Russell et al. 1997). Guidance should be available
to the interpreter to help with the choice of the seismic attributes that will provide the greatest insight into
the current problem under investigation. The one way to classify seismic attributes is based on their
characteristics and hence geometrical and physical. Seismic facies analysis techniques combine
classification algorithms and seismic attributes to generate a map that describes main reservoir
heterogeneities. However, most of the current classification algorithms only view the seismic attributes as
isolated data regardless of their spatial locations, and the resulting map is generally sensitive to noise.

The geometry of the diapir bodies also corresponding to the seismic facies unit and its geological setting
will be interpreted by unsupervised method of classifying seismic facies using K-mean clustering and Self
Organizing Maps (SOM) methods.

- Self-Organizing Mapping: Neural Network is a type of Artificial Neural Network that is trained using
unsupervised learning to produce a low-dimensional (typically 2D), discretized representation of the input
space of the training samples, called a map. This is therefore a method to reduce dimensionality. Self-
organizing maps differ from other artificial neural networks in that they apply competitive learning and use
a neighbourhood function to preserve the topological properties of the input space (Kohonen, 1982).
Applying this method we can generate a seismic facies map or volume from single or multiple seismic
attributes.

- K-means clustering: is a type of unsupervised learning, originally used in signal processing, and
popular for cluster analysis in data mining. k-means clustering aims to partition n observations into k
clusters, in which each observation belongs to the cluster with the nearest mean, and serves as a prototype
of the cluster. Data points are clustered based on feature similarity. This method can help us for clustering
electrofacies and seismic facies volumes in a reservoir properties analysis and modeling workflow.

3. Results and Discussions

In this case study, we tested one high quality seismic sections, which have been subjected to auto
detecting geobodies of diapirs. We used both of K-means and SOM methods for seismic facies
classification. The seismic section will be testing, exploring architectures from 3 to 6 clusters corresponding
to seismic facies.

After testing with several 2D seismic attributes, we decided to use 4 seismic attributes that demonstrate
good correspondence to geometry of the diapir such as Instantaneous Frequency, Envelop, RMS, Chaos
and Amplitude (raw data) input to K-mean and SOM for seismic facies classification (Fig.2).

C o o

0 yors o
- — — o

Figure 2. he four attribuites engerated from 2D seismic section
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Recognizing the geobodies of diapirs, in this study both K-mean and SOM methods were used to
subdivide 4 attributes of 2D seismic data into several facies. In order to improve the results, 3 to 6 classes
of facies have been tested for each method, the results are presented in the Fig. 3 for K-mean and Fig. 4 for
SOM method.

Oncer comparing the results of K-mean and SOM classification, we realized that the clusters outcome
are not so much difference but the 6 Facies_ SOM look like more accurate and hence good correspondence
to geometry of the diapir (Fig.4). Fig. 5 shows the final result of the mud diapir geobodies in the study area.
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Figure 4. The results of seismic facies classification using SOM method
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Figure 5. The diapir geobodies using SOM method
a) Raw Amplitude section shows not clearly facies and features of geologial setting
b) The diapir geobodies interpretaion base on the 6 facies classification using SOM method
¢) The geological section shows some traps protential in the study area
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Figure 5 shows 4 mud diapirs, which are characterized by chaotic seismic reflections, terminated at
different stratigrphic level, making sediment layers on both side of the diapirs folded. The morphology
relationships between diapirs and host strata indicate that while some diapirs (diapir 2 & 3) became inactive
and are sealed by the H5 reflector, others continued their upward migration vertically, piercing the upper
sequences. The sedimentary sequence were folded towards the diapir 4, probably due to the development
of collapse structures within the interval of 1 - 2s. As diapirs migrate upward, the overlying sedimentary
layers have been folded and/or uplifted. This deformation has triggered a shift of the depocenter from one
place to another through time. As the result, the pathway and direction of sediment transport may have been
redirected. Especially, some sandy layers (often considered good reservoir rock) have likely been folded
and/or uplifted to form local anticlininal structures, which can become potential structural traps in many
cases.

4. Conclusions

Mud diapir occurence in the study area has been confirmed its existance in the central of the Song Hong
Basin. However the image of the diapirs have not been clearly clarified. Using the K-mean and SOM
method are useful proxies in order to enhance the boundary of the geobodies, giving quite similar results
but the SOM method is likely more accurate and depict the geobodies better. There four diapirs have been
clearly imaged on seismic section. While some diapirs stopped rising in the H1 and H3 horizon and
developed pluming structures in their tops, others stop in the H5 horizons. Association with this mud diapir
is formation of potential structural traps. This interpretation allowed us to identify at least 4 potential
structural traps. However, this interpretation should be confirmed by further and more detail seismic data
interpretaion, especially using 3D seismic data for mapping thes structures more accurately.
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TOM TAT
Minh giai cau triic diapir bun dya vao thudc tinh dia chan 2D va h¢
mang No ron khong giam sat: ap dung cho bé SGng Hong

L& Ngoc Anh*", Ha Quang Man?
) Trueong Bai hoc Mo - Dja chat i
2Tong cong ty tim kiém tham do va khai thac dau khi

Cau truc diapir bun da duoc xac dinh ¢6 vai trd quan trong trong tim kiém tham do va khai thac dau khi.
Tuy nhién, co ché hinh thanh va céc dic trung cua diapir ban van chua dugc nghién ctiu nhiéu trong sudt
nhiing thap ky qua cho dén khi chung dugc phét hién ra c6 mbi lién quan dén tim kiém tham do va khai
thac dau khi. Trong nghién ciru ndy, chu yéu dé cap dén sy ton tai cua diapir tai khu vuc bé tram tich Séng
Hong va méi lién quan dén hé théng dau khi. Chi tiét minh giai dia chan 2D tai trung tam bé Séng Hong
da x4c dinh duoc sy ton tai cua 4 cau tric diapir bun. Nhitng diapir nay xam nhap va két thac tai mot vai
dia ting, 1a két qua cua céc thoi ky kién tao va dia chat, phan anh ting giai doan t6i han di thuong ap suat
cao. Phat hién va xac dinh duoc sy ton tai cua diapir bun chi ra co hoi 16n cho du béo phan b céc bay ciu
tao tai khu vuc trung tdm bé Séng Hong.

Tur khéa: Diapir bun; Bé Song Hong; Hé thong dau khi; K-mean; SOM.
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E RSE HOI NGHI TOAN QUOC KHOA HQC TRAI BAT
EARTH SCIENCES AND A A - 3 z 2 > ~
e« VA TAINGUYEN VOI PHAT TRIEN BEN VIPNG (ERSD 2020)
SUSTAINABLE DEVELOPMENT

Nhan dién tram tich gon song day bién sau trén tai liéu dia chan 3D

Lé Ngoc Anh?* '
! Truong Dai hoc M6 - Dja chat

TOM TAT

Tram tich gon song d4y bién sau 1a cac tram tich hat thé hoic min dugc hinh thanh do céc dong chay ngam
day bién noi c6 d6 sau trén 1000m. Day la cac dong chay mang theo vat ligu tram tich chay xuéng phia
dudi suon déc hodc doc theo suon dbc va hinh thanh nén cac dang tram tich gon song c6 diac trung khac
nhau lién quan dén loai hat trdm tich 12 thd hay min. Trim tich gon séng day bién sau c6 thé phat hién trén
dién tich 1 - 10 km, véi cao d6 tir 1 - 10m va budc song 1én t6i vai tram mét. Tai khu vuc nghién ciu ngoai
khoi Tay Phi, dya trén tai liéu dia chin 3D bao pha 1500 Km?2 va muc nuéc bién tir ~1000 - 2000m, tram
tich gon song da dwoc phét hién trong tram tich Pliocen - Pleistocen tai khu vuc suon déc, véi goc doc 3,4°.
Céc dong chay xudng phia dudi suon dbc theo cac khe ranh tao nén cac vét gon séng co bude song déu
dan, kich thudc 14 0,5 - 1km va bién d6 dién hinh 1a ~40m trén day bién. Dudi chlng la cac vét gon song
¢6 bi chon viii ¢ bude séng twong tu VGi gon song dy bién nhung bién do nho dan tai khoang ~20m. Tram
tich gon séng hat thd xuat hién tai mat bao mon cua cac khe rénh bién sau dong vai tro chuyén tiép tram
tich, muc do lién tuc bi han ché. Do d6 kho dé tro thanh da chira dau khi tét. Tuy nhién su xuét hién coa
céu tric dac biét nay noi day bién lai gidp chi ra kha nang xuét hién cua céc tap cat day xa hon phia sau
hon cua bé.

Tur khéa: Tram tich gon séng day bién siu; dong chay day bién; dia chan 3D.

1. D3t van dé

Tram tich gon séng day bién dwoc néu ra tir nhitng nam 1980, khi hé théng séng &m SeaMARC | lan
déu tién duoc st dung tai khu vue nuée sau (Piper, Shor va nnk. 1985, Malinverno, Ryan va nnk. 1988).
Hinh anh thu dwoc tiét 16 ciu tric gon séng tai khu vuc nude su, ching ban dau dugc mang so sénh voi
tram tich cudi soi ling dong do ngap lut cho thdy c6 su twong dong vé chiéu dai va chiéu cao cua cac gon
s6ng. Gon séng ¢6 chiéu cao tir 1 - 70 m va bude séng 0.1 - 6 km, xay ra tai nhimg noi ¢ goc doc <1°
Ching c6 nhig dic trung 1a kich thudc 16n dang gon séng véi dinh séng thang hodc udn nép, xép chong
1én nhau va c6 xu huéng vudng goc véi dong chay chinh. Chidu dai dinh séng c6 thé 1én dén 60 km va gan
nhu vudng goc voi hudng dong chay. Cac gon soéng co mic d6 bat dbi ximg khac nhau, day hon & phia
hudng 1én suon dbc cho thay huéng dich chuyén 1én phia trén suon doc. Kich thudc cua séng giam dan
theo huéng xubng suon dc. Tram tich gon song day bién dugc hinh thanh do dong chay turbidite va da
dugc miéu ta & mot s moi trudng nudc su, Xuat hién tai cac tuéng trim tich v b (channel levees), day
cua kénh dan (channel floors) va tai ria cAc quat ngam day bién (submarine fans).

Khu vyc nghién cu nam & ngoai khoi Tay Phi, thudc ria thu dong, véi dién tich nghién cau 12 1500km2.
Dién tich nghién ciru duoc thu nd dia chan 3D véi do phan dai cao. Khoang nghién ctu nam trong tram
tich tudi Pliocen-Pleistocen. Tai khu vic nghién ciru da phat hién ton tai tram tich gon song véi kich thuéc
I6n, bén trong cac hém ngam day bién. Sir dung tai liéu dia chan 3D chat lwgng cao cho phép nghién cau
dugc sy phan bd caa tram tich gon song va dic trung ctia ching mot cach chi tiét, 1am sang to dic diém
tram tich khu vuc nuéc sau Tay Phi, ngoai khoi Cameroon.

2. Co sé ly thuyét va phwong phéap nghién ciru
2.1. Phan logi tram tich gen séng

Theo Wynn and Stow (2002), trim tich gon s6ng tao boi dong chay turbidite da duoc chia 1am 2 nhém
dwa trén kich thudc hat, tram tich gon séng hat min va tram tich gon song hat thé.

Tram tich gon song hat min thuong dugc tim thay tai khu vuc c6 dong chay turbidite chay tran, nhu cac
gon séng cua tram tich v bo (Hinh 1) (Normark, Piper va nnk. 2002). Ngoal ra, tram tich gon song ¢o bi
chén viii co dic diém hat min ciing dugc tim thay dya trén tai liéu dia chan tai hé thong tuéng tram tich
tran bo tai Makassar Strait (Posamentier, Wisman va nnk. 2000) va khu vuc nuéc sdu caa Niger delta

*Tac gid lién h¢
Email: lengocanh@humg.edu.vn
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(Normark, Piper va nnk. 2002). Chung c6 kich thuéc tir 1 d&én 7km dai va 80m cao. Kich thudc nay chi ra
su lién quan d¢ doc ciia suon dc va khoang cach dén ngudn vat ligu (Normark, Piper va nnk. 2002).
Tram tich gon song hat thé thuong phét trién gan véi cac hé thdng quat ngam day bién nhu giira cac vuc
ngam, bén trong kénh dan hozc khoang chuyén tiép giita kénh dan va quat ngam (Wynn and Stow 2002)
(Hinh 2). Chiing c6 kich thuéc nhé hon tram tich gon song hat min va xuat hién it hon ciing nhu trong
khoang thoi gian ngén hon, lién quan dén mot chu ky hoat dong cua tram hé théng turbidite. Vi dac trung
1a trim tich hat tho, kich thudc cac gon s6ng 1én dén 1 km dai, cao dén 10 m, bao gom cac tram tich cat hat
hodc cudi soi va co xu huéng dich chuyén 1én phia trén suon dc. Tram tich gon song hat thd trong cac
kénh din c6 xu hudng giam chiéu dai budc song theo hudng giam van toc dong chay. Biéu nay cho thay
mdi quan hé gitra van toc dong chay va kich thudc gon séng. Gon séng thudng ¢é ¢é hinh dang khong déu
do bi tac dong boi timg dot dong chay / hoic cac pha dich chuyén. Tram tich dang nay duoc cong bé phat
hién tai nhiéu khu vuc nhu vuc Monterey (Xu, Wong va nnk. 2008) , vuc Var (Piper and Savoye 1993).

= W

NP ™S
Q\\\\\ .

RN

Tram tich gon séng
twong v& bo

Hinh 1. (a) Ban do phac hoa té hop kénh rach ngoai khoi Indonesia cung véi phan bé cuia cac tram tich
gon séng tweng Vo bo. (b) Mat cat dja chan minh hoa tram tich gon séng twdéng vé bo ngoai khoi
Indonessia. Chiéu cao cua gon song giam theo dan ra xa dinh bo (Normark, Piper va nnk. 2002).
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Hinh 2. Tram tich gon séng phat hién trong viee Monterey, déy virc c6 vét gon séng do cdt kich thieéc 1om,
bu6c song tir vai met dén hang chuc mét duwoc hinh thanh do dong chdy ngdam c6 nang leong lon (Xu,
Wong va nnk. 2008).

2.2. Co ché hinh thanh tram tich gen séng

Céu tric cua gon song duoc hinh thanh do sy két hop gitra toc do Iang dong tram tich va su dich chuyén
dinh song (Cartigny, Postma va nnk. 2011). Gia st téc do lang dong tram tich gia ting, chu ky Iang dong
tram tich c6 thé dwoc phan ra: Loai-1) tram tich & mat d6i dong va bao mon manh mé ¢ mat khuét dong,
Loai-2) lugng tram tich & mat dén dong bang vai luong bao mon & mat khuét dong, Loai-3) ca hai mat
khuat dong va don dong déu ling dong tram tich, tram tich day va thé hon & mat don dong, méng va min
hon & mat khuét dong.

Thuat ngir budc tuan hoan duoc dat ra dé md ta co ché hinh thanh tram tich gon séng, c6 xu huéng bdi
ldp nguoc 1én swon dbc. Parker, Ashworth va nnk. (1996) da mé ta cac budc tuan hoan 1a mot chudi céc
budc ling dong trAm tich cham, nguoc 1én swon dbc. Khi dong chay bac xudi xubng mot bac (chay qua mat
khuat dong) s& bi giam manh van téc bai hién twong nuéc nhay thay lyc trude khi dén véi mat ddi dong
(Hinh 2). Van tc dong chay tai mat d6i dong giam dan dén ling dong tram tich. Tai mat khuat dong do
van toc dong chay cao, dan dén bao mon hozc han ché tram tich xay ra. Su mét can bang tram tich giira hai
canh cua sudn song dan dén song trim tich c6 xu hudng dich chuyén 1én phia trén swon déc.

Nwéc nhay thiy Iuc..’ - Lang dong tram t'Ch Bao mon tram tich
(Mat doi dong) (Mat khuét dong)

Hinh 3. Hinh vé minh hea dong chay xudng swon doc, mang tinh tudn hoan. Méi trieong nuéc mau xanh,
tram tich biéu dién mau vang. Dong chay turbidite chay tir trai sang phdi. Nuéc nhay thaiy lic xdy ra tai
Vi tri triing sdu nhat, tai chan cia mat khudt dong. Trén mdr @én dong vdn toc dong nhé dan dén ling
dong tram tich. Tai mgt khudt dong, do vdn téc dong chay cao, bao mon hogc han ché tram tich xdy ra.
Sur khdng can bang giia lang dong tram tich ciia hai swon séng dan dén gon séng dich chuyén 1én phia
trén suon doc két hop véi tich tu tram tich (Cartigny, Postma va nnk. 2011).
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2.3. Phuwong phép nghién ciu

Chu yéu str dung phwong phép minh giai dia chan dé xac dinh cac két thic phan xa, ranh gisi tram tich,
bat chinh hop. Sau d6 két hop vai phén tich thuge tinh dia chén dac biét dé 1am rd hinh théi va cAu triic cua
tram tich gon s6ng trén ban d6 va mat cit. O day tac gia sir dung thudc tinh goc déc (Dip map) ap dung cho
khéi dia chan 3D phan giai cao ngoai khoi Tay Phi. Thugc tinh goc déc duge xem la pha hop nhat vi tram
tich gon séng cé hinh dang uén nép nhap nho, thay doi goc déc lién tuc, nén d& dugc nhan dién trén thuge
tinh géc dbc. Cudi cung la luan giai két qua véi nhitng dic trung gon séng di dwoc nhan dién trén cac tai
liéu cong bé.
3. Két qua va thao luan

Nghién ctu tai khu vuc nuée sau trén dién tich 1500 km?, thém thu dong ngoai khoi Tay Phi, noi c6
muc nude dao dong tr 1000 - 1600m da phat hien thay mot hé théng hém ngam phat trién trén suon doc
(Hinh 4). Ching c6 huéng Dong Tay, chiéu dai khoang 20 -30 km, rong 4 - 7 km va sau khoang 120 m.

Tai ddy cac hém ngam day bién, gon s6ng c6 bién do tir 30 - 40m. Bén dudi ching Ia Ccé&c gon song co
chén viii ¢6 bién d6 giam dan tir 10 - 20m. Muc do gon séng giam dan theo huéng xudng suon déc. Cac
dau hiéu bao mon cat cut dugc phat hién cuc bo véi két thic phan xa ké ap vao mat khuét dong. Ranh gidi
giita cAc gon song c6 xu hudng nghiéng xudi xudng suon dbc mot goc 6° - 15°, do ddc day bién 1a 3°. Tram
tich nay phat trién trong Pliocen - Pleistocen va giéi han bén trong cac hém ngam day bién. Sy giam dan
bién d6 budc séng trong cac hém ngam cho thdy qua trinh tao ra trim tich nay lién quan dén dong chay
turbidite. Theo quan diém cua Spinewine, Sequeiros va nnk. (2009), gon song tai khu vic nghién ctu véi
hinh théi bat ddi ximg cho thay dong chay c6 ning luong thap.
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Hinh 4. (a) Ban ¢ do goc doc day bzen noi phat hlen cac hém ngam huéng Dong Tay, (b) mat cat dia Chan
doc theo hém ngam minh hoa tram tich gon séng, bién do séng giam dan theo hudng gia ting dé sau
nue6e bién.
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4. Két luan

Tai khu vyc nghién ctu, tram tich gon voi song bat doi xung phét tricn trong cac hém ngam trén suon
dbc day bién huéng Dong Tay, voi goc ddc nho ~3,4°. Chiing dwoc hinh thanh trong moi truong dong chay
¢6 ning lugng yéu. Gon song c6 bién do tuong ddi 16n ~ 40m va budc song tr 0,5 dén 1km. Chiéu dai budc
song va bién do giam dan theo hudng gia tang chiéu sdu myc nudc bién. Bién d6 cac gon song bj chdn vui
ciing giam dan téi khoang 20m. Tram tich gon séng phat trién trong hé thong hem ngam day bién c6 chiéu
dai ~20 - 30km, rong 4 - 7km va sau ~120m. Khong co phat hi¢n cta tram tich gon séng bén ngoai cac hem
ngam. Sy xuat hién cia tram tich gon séng nay chi ra tiém nam xuat hién c4c tap cat day xa phia nudc sau
cta bé.
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ABSTRACT
Characteristics of Sediment wave based on 3D seismic data

Le Ngoc Anh?
! Hanoi University of Mining and Geology

Sediment waves are coarse - or fine-grained sediments, generated beneath currents flowing across the
seabed where the water depth greater than 1000m. The flows are either downslope-flowing turbidity
currents or along slope-flowing bottom currents. Sediment waves are largescale, undulating bedforms with
straight, sinuous or curved crests that are aligned roughly perpendicular to the dominant current flow
direction. They are observed in over the area of 1 - 10km with the wave crest of 1-10m and wavelength of
hundred meters. 3D seismic data has been used to investigate the sediment wave development on the slope
of offshore West Africa. The area cover 1500km2 with the water depth 1000 - 2000m. Sediment wave
within the Pliocene-Pleistocene age on the 3.40 slope. The wavelength and amplitude vary significantly
from the seafloor to subsurface. The regular wavelengths on the seafloor are 0.5 km - 1 km, with a typical
amplitude of c. 40 m; wavelengths of the sub-surface undulations are similar to those on the seafloor but
show smaller amplitudes, ~20 m. The undulations are observed to decrease in amplitude and wavelength
downslope. Coarse-grained sediment waves commonly occur at erosional unconformities in canyons or
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channels largely experiencing sediment bypass. As a result, they rarely lead to the formation of signifcant
reservoir rock, and lateral continuity is probably poor. However, if recognised in the ancient record in
hydrocarbon basins, may be to point to the occurrence of thick sands farther basinward.

Keywords: Sediment waves; Turbidite; 3D seismic.
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E R;S E ~_ HOINGHI TOAN QUOC KHOA HQC TRAI AT
EARTHSCIENCES AND VA TAI NGUYEN VO PHAT TRIEN BEN VNG (ERSD 2020)

NATURAL RESOURCES FOR
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Nghién ctu viéc nang cap binh tach hai pha thanh binh tach ba pha
trén gian co6 dinh mé Bach HO

Hoang Anh Diing!*
YTruong Dai hoc M6 - Dia chat

TOM TAT

Trai qua qua trinh hon 30 nim khai thac dau khi tai mé Bach Hd, trix luong dau khi cia moé da suy giam rat nhiéu, cing
V6i su gia tang nhanh chong ctia ham lugng nuéc co trong dong san phdm khai thac (c6 nhing giéng ty 18 ngap nudc
da t6i 80%). Tuy nhién, theo so d6 cong nghé trén cac gian cb dinh thi dong san pham tir giéng di 1én s& dugc dua vao
binh tach cao 4p hai pha dé tach bt pha khi ra con pha l6ng s& dua vao binh tach ba pha EG dé tach tiép, nhung hién
nay dong san pham khai théac tir giéng 1én c6 ham luong khi it va ham lwong nudc lai qué nhiéu cho nén vai tro cua
binh téch cao ap hai pha khong con nhiéu tac dung. Dé giai quyét van dé cip béch hién nay 14 tich pha nudc thi cin
phai tién hanh 13p dat thém cac binh tach 3 pha ma diéu ndy kho kha thi dé thyc hién trén cac gian cé dinh xét ca vé
yéu t6 k¥ thuat - cdng nghé va yéu té kinh té. Chinh vi vay, giai phap kha thi cho van dé nay I cai tién nang cap binh
tach 2 pha c6 sin trén gian thanh binh tach 3 pha nhiam ting cuong kha ning tach nuéc, giam bst ham luong nudc 6
trong dong san pham trugc khi dwa vao binh tach EG chinh cua gian. Chinh vi vay, viéc nghién ctu chuyén dbi binh
tach hai pha thanh binh tach ba pha trén gian cé dinh mé Bach Hé 1a hét sirc can thiét va cip bach nhdm nang cao hiéu
qué cua qué trinh xur Iy diu tai gian, tiét kiem chi phi Iap dat thiét bi, giam gia thanh khai théc diu trong giai doan hién
nay ctiia mé Bach Hb.

Tir khoa: Gian khoan cb dinh; binh tach hai pha; binh tach ba pha.

1. Muc dich chuyén dbi binh tach hai pha thanh binh tach ba pha.

Hién nay, san luong khai thac dau khi cia mo Bach Ho dang trong giai doan suy giam, cang véi su gia
tang ciia ham lugng nudc trong dong san pham khai thac ngay mot ting cao (Nguyén Vi Trudng Son,
2015). Trong hé thong xir Iy san pham khai thac cua gian ¢b dinh thi binh tach tinh dién EG lam viéc c6
hiéu qua khi ham luong nuéce trong dong san phiam dau vao khong vuot qua 25%. Tuy nhién, trong thuc té
hién nay, ham luong nudc trong dong san pham dau vao la rat 16n da anh huong khdng nho dén higu qua
lam viéc cua binh tach. D& dam bao cac binh tach EG duoc van hanh tét can giam bét lugng nude dau vao,
Vi vay viéc nang cip binh tach hai pha thanh binh tach ba pha cho phu hop véi thuc té san xuét, nang cao
hiéu qua caa qua trinh xir Iy san pham khai thac, nham nang cao chét lugng dau thwong pham trong giai
doan hién nay.

2. C4u tao ciia binh tach hai pha trwéc khi chuyén doi.

Cau tao chung cua binh tach dau khi thuong chia thanh 4 khu vuc chinh: Khu vue tach co ban, khu vuc
tach thir cap, khu vue luu giir chat long va khu vuc chiét swong (Hoang Anh Diing, 2016).

- Khu vue tach co ban duoc Iap truc tiép & ctra vao cua binh, ¢ nhiém vu tach pha khi ra khoi pha dau,
tac 14 giai phong cac bot khi tu do. Hiéu qua 1am viéc phu thudc vao ciu tric duong vao cé thé 1a huéng
tam, ly tm, c6 thé tao dong chay rdi cho hdn hop dau khi.

- Khu vic tach thir cdp ¢ nhiém vu tach bd sung cac bot khi van con trong dong chat long. Dé tang hiéu
qua tach cac bot khi ra khoi dau, can hudng cac 16p mong chét luu di theo cac mat phang nghiéng (tim léch
dong).

- Khu vy luu giit chét long 1a phan thap nhét caa thiét bi dung dé gom dau va xa dau ra khoi binh tach.
San pham & day c6 thé 1a mot pha hoac hon hop dau khi tuy thudc higu qua cua qua trinh tach, d¢ nhot va
thoi gian luu giir dong san pham & trong binh tach.

- Khu vyc chiét swong duoc lip & phan cao nhat cua binh nham giir lai cAc giot dau nho bi cudn theo
dong khi, sau d6 dau duoc dua tr lai phan luu giir chat long nho dng thu gom con khi dwgc xa ra khoi binh
tach.

*Tac gid lién h¢
Email: hoanganhdung@humg.edu.vn
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Hinh 1. Binh tdch truéc chuyén déi (hai pha) Hinh 2. Binh tach sau chuyén dsi (ba pha)

3. Céu tao cua binh tach sau khi chuyén déi (ba pha)

Binh tach sau khi duoc chuyén doi théng qua viéc thiét ké lai bo phan bén trong cia binh dé chuyén tir
chirc ndng tach hai pha (long, khi) thanh chire nang tach ba pha (dau, khi, nuéc). Mot so chi tict dugc thiet
ke va lap dat trong binh tach cu thé nhu sau:
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Hinh 3. Tam va ddp nam ngang va thing dirng

Hinh 4. Tdm leéi mdt cdo Hinh 5. Ong duc 16 théi hoi néng

Hinh 9. Tdm leéi chiét swong

Hinh 8. Tam chan tran va vdch ngan
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Nguyén Iy hoat dong cuia cac binh tach sau khi chuyén doi tir binh tach hai pha sang binh tach ba pha:
hdn hop long-khi sau khi di qua vao binh tach s& tach khi ngay khi di qua tim va dap nam ngang va thang
dung. Khi dugc gom lai & phan phia trén cua binh tach, con chat long ¢ phan phia dudi s& di qua tim chén
da dugc duc 16 gitip didu hoa dong chay déu trén toan bo mat cit cia binh tach ciing nhu ngin ngira sy hoa
tron giita chét long trong binh véi nhii twrong méi vao binh. Sau d6 chét long s& di qua tim hudng dong va
hip thu nudc c6 tac dung hop nhat/két tu céc hat nude, khién cho ching 16n 1én va d& dang tach ra khoi
dau. Nudc téch ra khoi dau s& tich tu & phan dudi ciia binh tach va dwgc xa ra ngoai bang 6ng-xa-nudc.
Déu da tich nudc s& tich tu ¢ phan giira cua binh tach va tran qua canh trén ctia tm chan tran va vach ngan
dé sang bén phan chua dau, rdi di qua thiét bi chdng xody dé ra khoi binh tach dén cac thlet bi xtr ly tlep
theo. Phan khi dong hanh d tach ra khoi hén hop long-khi s& di qua tam ludi chiét swong rdi di qua dng-
xa-khi dé ra khoi binh tach theo duong dng dan khi dé di dén cac thiét bj xu 1y tiép theo.

Trén co s nhitng tinh todn cdng nghé, kich c& cac khoang chinh cua binh tach (khoang phan ly long,
phan ly khi, khoang gom dau) va vi tri mit ngian cach dau-nuéc, dau - khi, ciing nhu kich ¢& cua cac chi
tiét va bo phan mai di duoc tinh toan dé xac dinh duong kinh cua cira xa dau, cira xa khi va cira xa nuéc
cho phu hop véi thyc té.

Binh tach dwoc trang bi thiét bi két tu dang tim & bén trong nham dam bao hiéu qua tach dau-nudéc trong
gidi han cdng suét da cho. Binh tach con duoc trang bi thém véch tran, cira xa nudc, bé gom nuée chdng
tao X0dy, tm chan hat long ciing nhu cac diu cho danh cho cac thiét bi kiém soat va duy tri mie ngin cach
dau - nudc, dau - khi, cac cam bién nhiét d6, 4p suat nham canh bao cac su ¢é trong qua trinh lam viéc cua
binh tach.

4. Két luan

Sau khi nang cap binh tach hai pha thanh binh tach ba pha da giai quyét tot vin dé ngap nudc trong cac
giéng khai thac dau khi hién nay. Bac biét ddi vai cac gian khoan ¢ dinh tai mé Bach H6 thi viéc nang cip
binh tach hai pha thanh binh tach ba pha la giai phap t6i uu, pht hgp véi so d6 cong nghé va tinh trang hién
tai cua gian, viéc gia cong lap dat cac chi tiét, bo phan mai trong binh tach duoc thuc hién bai cac ky thuat
hién dai dam bao do chinh xac va rat ngan thoi gian lap dat, tiét kiém dang ké chi phi so véi viéc phai lap
dat mot binh tach ba pha méi (dic biét tai mot sé gian khong thé lap dat binh méi vao vi tri d6 duogc). Hiéu
qua thu duoc tir viéc nang cip binh tach 1 rat 16n, vi khi d6 dong san pham khai thac tir giéng di 1én dugc
dua ngay vao binh tach ba pha, tai day mét lugng Ién nuée duoc tach ra khoi dong dau trude khi dua vao
binh tach EG, hd trg rat nhiéu cho hé thong tach nudc cua gian, nang cao hiéu qua cua qua trinh xir Iy dau
tai gian, tiét kiém chi phi Iap dat thiét bi, giam gia thanh khai théc dau trong giai doan hién nay ciia mo
Bach Ho.

Tai ligu tham khao

Hoang Anh Diing, Tran Vin Ban, Triéu Hung Trudng, Lé Duc Vinh (2016), Thiét bi khai théc dau khi,
NXB Khoa hoc va ky thuat.

Nguyén Vii Truong Son, Tir Thanh Nghia, Cao Tung Son, Pham Xuan Son, Lé Thi Kim Thoa, Lé Viét
Diing, Nguyén Hoai Vi, Ng6 Hiru Hai, Nguyén Thic Khéng, Nguyén Quang Vinh (2017), “Giai phép khai
thac dau khi cho cac mo nho, can bién”, Tap chi dau khi s6 5/2015, pp 32-37.

Xi nghiép Khai thac dau khi Vietsopetro: “ Huéng dan van hanh binh chiu ap luc C1, C2, C3, C4”.

ABSTRACT

Study the upgrade the available two-phase separator to a three-phase
separator of White Tiger field fixed platform

Hoang Anh Dung?
'Hanoi University of Mining and Geology

For over 30 years, the reservoir energy of The White Tiger oilfield has been considerably depleted, the
produced fluids from the oil wells have a high water content (some wells with a water cut of 80 per cent).
According to Overall Technology Plan of fixed platforms, the produced fluids from the production wells
will enter the two-phase high-pressure separator and the separated liquid phase will come into the
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electrostatic treater (EG separator). However, the percentage of water in the produced fluids is high and the
percentage of gas is low, this produced fluid is not appropriate to the two-phase high-pressure separator.
To separate the water from produced fluids, it is necessary to use the three-phase separator. The installation
of a new three-phase separator on the fixed platforms is not easy in terms of both technical -technological
factors and economic factors. Therefore, a possible solution to this problem is to upgrade the available two-
phase separator on the fixed platform into the three-phase separator to enhance water separation, reduce the
water content in the product line before put it into the EG separator. This up-gradation is very necessary
and urgent to improve the efficiency of oil treatment at the fixed platform, reduce equipment installation
fee, oil exploitation cost in the current period of White Tiger field.

Keywords: Fixed platform; two-phase separator; three-phase separator.
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Phan loai thach hoc tir cac tham sb vat Iy trong tai ligu giéng khoan
1143, chuong trinh khoan dai duong tai bién dong bang mang tri tué
nhan tao

Vii Hong Duong™*, Kiéu Duy Thong?
! Truong Dai hoc Mo - Dia chat

TOM TAT

Phan loai thach hoc 13 mét khau quan trong trong cong tac nghién ciiu, phuc hdi lich sir phét trién cac qué trinh dia chat
cling nhu tim kiém tham do cac khoéng san c6 ich. Vi cac phuong phép truyén théng, thach hoc dugc phan loai dua
theo kinh nghiém cta nguoi minh giai, két qua thudng mang tinh chu quan va doi héi nhiéu thoi gian. Do do, viéc sir
dung cac k¥ that tri tué nhan tao dé thuc hién cong viéc ndy s& cho két qua nhanh va mang tinh khéch quan hon. Chung
t6i ap dung cac ky thuat tri tué nhan tao khac nhau trén bo tai liéu cua giéng khoan 1143, chwong trinh khoan dai dwong
(ODP) tai Bién Péng. Céc phuong phap hoc khéng giam sat phan tich phan cum ma c-trung binh (FCM). Cac phuong
phap hoc c6 giam sét, mang No-ron nhan tao dé dyu doan thach hoc. Céc két qua dat dwoc s& duoc so sanh v&i nhau dé
xéc dinh k§ thuat phti hgp cho tap sé liéu nay va c6 thé ap dung cho viing 1an cén tai Bién Déng.

Tir khéa: Thach Hoc; Tri tué nhan tao; dia chat.

1. Giéi thigu

Théng tin vé ciu trac dia chat dudi bién, nhu khu vyc bién dong thuong dwoc cung cip bai céc két qua
xtr ly va phan tich céc tai liéu dia vat ly (Braitenberg et al., 2006; Ding et al., 2013; Ding et al., 2016;
Gozzard et al., 2018; Huang and Wang, 2006; Trung et al., 2004). C4c thdng tin vé dia chat duoc minh giai
tir cac tai liéu dia vat ly bién thuong phai dugc ddi sanh véi cac tai liéu trong giéng khoan, do vay phan tich
c4c tai liéu dia vat Iy trong giéng khoan dé dwa ra nhitng thong tin hitu ich vé dia chat 1a rat quan trong (Wu
etal., 2017). Tuy nhién cong viéc nay thuong ton nhiéu thoi gian va trong nhiéu trudng hop mang tinh chi
quan va thiéu dinh luong. Dé vuot qua cac thach thirc ndy, hién nay cac cong cu tinh toan nhu hoc méay
(meachine learning) va tri tu¢ nhan tao (AI) dang duoc sir dung ngay cang nhiéu trong céc linh vyc xu ly
s6 liéu, trong do6 co xir ly tai lidu dai vat ly. Cu thé viéc 4p dung cac cong cu nay cho viéc phan tich cac sé
lieu giéng khoan da duoc cong bd bai cac cong trinh cua Bosch et al. (2013); Dekkers et al. (2014), trong
khu vuc Bién Pong ciing c6 cac cong trinh cua Karmakar et al. (2018); Tse et al. (2019). Cac két qua dat
dugc cua cac tac gia ndy cho thay hiéu qua cua viéc &p dung cac cong cu tinh toén nay. Do vay, trong
nghién ctiru ndy ching t6i 4p dung céc thuat toan hoc may va Al vao trong xur ly tai liéu giéng khoan 184-
1143 A, B, va C (Hinh 1).

Phan loai thach hoc dwa vao tai liéu dia vat ly giéng khoan va mau 18i 1a mét trong nhitng cdng tac quan
trong. Vige xéc dinh tuéng thach hoc ¢ nhitng khu vuc c6 cdu triic dia chat phuc tap, néu chi sir dung nhitng
phuong phéap minh giai dia vat ly giéng khoan thong thuong dem lai két qua khong kha quan va chinh xac
khi so sanh vaéi tai liéu mau 16i thu thap dwoc. Vi du cu thé nhu ¢ khu vuc Bién Dong noi ¢é rt nhiéu cac
tan tich ndi lira véi nhitng dang thu hinh, viéc minh giai va xac dinh thach hoc cho khu vuc nay cuc ky khd
khan khi chi st dung cac phuong phap minh giai dua trén cac dudng log co ban cua dia vat ly giéng khoan.

2. Nguén sb liéu

Trong nghién ciru ndy ching tdi sir dung ngudn sé lidu tir cac chwong trinh kham pha dai duong quéc té
va khoan sau dai duong (http://web.iodp.tamu.edu/ ). Tai vi tri ndy c6 3 giéng khoan OPD-184-1143 A, B,
va C (Hinh 1), dé ngén gon trong bai viét nay chung t6i dit tén 1a GKA, GKB va GKC.

S lieu bao gdbm cac tham sé vt ly va thac hoc do trong giéng khoan va tir mau van téc séng doc (Vp),
gamma ray, mat do, do tir cam, ti 1& phan trim céc thanh phan sand, silt va clay trong mau.

*Tac gid lién h¢
Email: vuhongduong@humg.edu.vn
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Hinh 2. Phan bé cuia cac njcfu theo ti I¢ cua sand, silt va clay theo chiéu sdu trong GKA. Pwong mau
den thé hién cac tham so vdt ly vdn toc séng doc (a), gamma ray (b), mdt dé (c) va dé tir cam (d)

3. Duw doan thach hoc tir cac tham sé vat ly
a. Phan cum mo c-trung binh (FCM)

Thuat toan fuzzy c-means (Bezdek et al., 1984) chia c4c phan tir cua sé lidu dau vao thanh cac nhém dua
Va0 su tuong dong cua cac tinh chét caa cac phan tir. Khac véi phuong phéap K trung binh mdi phan tir chi
thuoc vé mot nhom, trong phuong phap nay cac phan tir ¢6 thé thudc vé nhiéu nhém vai hé sé thanh vién
khac nhau. Qua trinh nay dwoc thyc hién bang viéc cuc tiéu hda ham sau:

Brem = Zier Dicr ullz — vl 1)
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trong d6, N 1a s6 lwong phan tir ciia s6 liu z, z ¢ thé gom nhiéu thuoc tinh. C la s6 lugng nhom, g (4>1)
la tham s6 ‘mo” (fuzziness), q thuong dugc lay gia tri bang 2 (Bezdek et al., 1984), vk la gia tri trung tram
cta nhom thi k, ujk la hé s6 thanh vién (membership degree) ctia phan ti thi j d6i vai nhom thi k, voi

diéu kién Tf_y wy = 1.

MGt trong nhiém vu quan trong nhat trong phan tich cum mo trung binh 1a xac dinh s6 cum. Hién nay,
s6 cum thuong duge xac dinh dya vao mét sé chi sb. Trong nghién ciru ndy ching toi st dung hai chi sb
NCE (Roubens, 1982) va XB (Xie and Beni, 1991). Hai chi s6 nay cang nho chiing té qua trinh phan tich
cum cang tét. Két qua phan tich x4c dinh rang sé cum bang hai 13 t6i wu cho tap sb liéu nay (Hinh 3).
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Hinh 5. So sanh két ciza phan chia thach

hoc dwa vao phan tich cum mo ¢- trung binh va
m0 ta mau I8i trong cac gieng GKA (a), GKB
(b) va GK (c) vdi d¢ chinh xac lan luot 14 61.57

%; 57.62 % va 62. 16%

Két qua phan tich cho thay, nhém 1 (Cluster#1) twong tng vai loai thac hoc D, va nhom 2 (Cluster#2)
twong ng Véi loai thach hoc M. D6 chinh xac so véi mau 18i nam trong khoang 60%, ti 1é nay khong qué
cao nhung c6 thé chip nhan dwoc do cac tham sé thach hoc va céc tham sb vat Iy ¢6 muc do twrong quan
thp, nhu d4 phén tich & phan trén. Hon nita, phan loai mau 16i mang tinh chu quan, va cé thé c6 sai sb,
bang chimg Ia so vai ti 1¢ clay thi van ¢ rat nhiéu diém nam lan trong hai viing cta hai loai thach hoc.
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b. Sir dung mang No-ron nhan tgo dé dw dodn thach hoc

Dua trén tai liéu dia chat khu vuc, nhdm tac gia nhan dinh cot dia ting khu vuc nay chu yéu la cac 16p
cat va sét xen kep, do d6 thong s6 ham luong sét (Vsh) s& dugc sir dung 1am tiéu chuan dé phan chia ra cac
tudng thach hoc co ban, cy thé ¢ day 1a 3 nhom:

i. Nhom cat sach: Cac I6p dat da c6 ham lugng sét Vsh < 20%
ii. Nhom cét pha sét: Cac l6p dat da c6 ham luong sét 20% < Vsh < 80%
iii. Nhom sét: Cac 16p da sét co ham lugng Vsh > 80%

Nhom téc gia quyét dinh str dung mang no-ron lan truyén nguoc (back-propagation neural network) dé
du bao ham luong sét dya trén tai liéu mau I8i cua 3 giéng khoan vai dir liéu dau vao input layer gom 4 no-
ron 1 cac tham s6 thach hoc thu dwoc tir mau I8i: Van toc song doc Pwave, Cuong do phong xa tu nhién
GR, Mat d6 dit da Density va Do tir cam Magnetic Suscept; 16p 4n ciia mang gom 5 no-ron va 16p dau ra
gdm 1 no-ron chinh 1 gia tri Vsh can du béo (Hinh 6). Tai liéu mau I6i cua 2 giéng A va B s& dugc dua
vao phuc vu qua trinh dao tao mang, sau d6 s& su dung mang no ron thu duoc dé dy bao ham luong sét cua
giéng C. Trong qua trinh huan luyén, tap dir liu mau sir dung bao gdm tai liéu mau 16i cua 2 giéng A,B
gdm ca gia tri diu vao input data (Pwave, GR, Dens, Magnetic) 13n gia tri dau ra output (Vsh), cac dir liéu
s& dugc tinh toan va cho ra két qua output data 1a ham luong sét Vsh, két qua nay s& dugc so sanh vai tai
liéu mau 18i 2 giéng A,B dé rut ra sai sd. Sai s6 nay duoc lan truyén nguoc lai téi output data va cac no-ron
trong 16p an dé diéu chinh lai gia tri cAc trong sd. Qué trinh lan truyén nguoc nay lap di 1ap lai cho dén khi
sai s6 dat t6i gié tri cuc tiéu thoa méan gié tri nhom tac gia cho phép, dy 1a qué trinh hoc ¢6 giam sat. Cac
trong sé duoc xac dinh sao cho sai s6 E 1a cuc tiéu:

Input Layer Hidden Layer Output Layer

Input1 /
—_—

Output

Hinh 6. Cau tric mang no-ron du bdo ham lirong sét cho 3 giéng GKA, GKB, va GKC

Két qua du bao ham luong sét cua 3 giéng khoan A, B, C dwoc biéu dién cing véi ham lugng sét dugc
tinh theo dudng cong GR thong thuong va gia tri ham luong sét do dugc trén mau 16i cua 3 giéng GKA,
GKB, va GKC (Hinh 7).

Do chinh xé&c ciia md hinh mang no-ron du bao ham lwong sét phu thudc vao céc yéu té: Céch trung binh
hoa cac duong cong DVLGK; tinh chinh xac trong viéc dich chuyén chiéu sau gitra mau I6i va tai lidu
DVLGK; sb lugng mau 18i cang nhiéu thi kha ning xay dung mang no-ron cho két qua chinh xac cang cao;
d6 tin cay cua két qua do ghi mau 16i; ham lwong sét mau dwoc do trong phong thi nghiém con cac duong
cong DPVLGK lai do trong diu kién via; cau tric mang no-ron; thuat toan.

C6 thé thay ham luong sét du bao bang mang ANN phu hop véi ham luong sét thu dwoc tir tai lisu mau
16i hon v&i két qua tinh toan thong thuong chi dira vao dudng GR (Hinh 14, 15, 16)
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4. Két luan

Trong nghién ciru ndy ching i sir dung cac thuat toan hoc cd giam sat va khong cé gidm sat dé du béo
thach hoc tir cac tham sb vat ly cua dat d4. Tham sé ham luong sét (Vsh) dwoc sir dung rat hiéu qua dé lam
tiéu chuan phén chia ra cac twdng thach hoc co ban, cu thé & ddy 1a 3 nhém: cét, sét va céat pha sét. Két qua
phan loai thach hoc dua trén cac thuat toan hoc co giam sat va mang ANN la chinh x4c hon khi so véi
phuong phap truyen thong Céc két qua budc dau la kha quan, tuy nhién dé nang cao d6 chinh xac nhém
tac gia dé xut can c6 cac nghién ciru ki hon.

(b) (c)
Hinh 13. Két qua du bao tir mang ANN, tinh tir GR va do duoc tir mau 13i gieng GKA(a), GKB(b),
GKC(c)
y =0.0798x + 0.4402 y =0.956x+ 0.0282
RZ2=0.0116 RZ=0.81
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0.9 e o 0.80
® :
0.8 ®e ..‘ 0.70 L X
0.7 ® 0.60 [ >3
_ 06 '.. < ‘, — 050 .:’. >
o, 05 |g® ‘ .‘. =Z 0.40 ‘ &
Gz o4 . _:I 0.30 3
0.2
8 o 0.10 |
01 | @ 0.00 6‘
0 @ 0 0.5 1
0 0.5 1
Vsh_Core
Vsh_Core

Hinh 14. Hé s6 twong quan giiva ham liong sét do dwoc ciia mau 18i véi ham lrong sét tinh tir GR va dir
b&o tir mang ANN cua GKA
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Hinh 15. Hé s6 twong quan giita ham luong sét do duwoc cua mau 16i voi ham heong sét tinh tir GR va
duw bao tir mang ANN gieng GKB
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Hinh 16. Hé s twong quan giita ham lwong sét do diwoc cua mau 18i véi ham leong sét tinh tir GR va
du béo tur mang ANN giéng GKC
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ABSTRACT

Classification of lithology from well log data using machine learning
and artificial intelligence techniques: an example from odp 1143 site

Hong Duong Vu?, Duy Thong Kieu!
'Hanoi University of Mining and Geology

Lithological classification is an important stage in the research, restoration of the history of geological
processes development as well as exploration of useful minerals. Lithology is usually classified based on
the experience of the interpreter, the results are often subjective and time consumming. Therefore, the use
of artificial intelligence techniques to perform this task will result in faster and more objective. We apply
various artificial intelligence techniques on the 1143 data set, the ocean drilling program (ODP) in the South
China Sea. Un-supervised methodologies c-mean fuzzy (FCM) clustering analysis. Supervised learning
methods, artificial neural network to predict lithology. The results obtained will be compared with each
other to determine the appropriate technique for this dataset and can be applied to the vicinity in the South
China Sea.

Keywords: Lithology, artificial intelligence, geology.
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it~ HOI NGHI TOAN QUOC KHOA HOC TRAI PAT
EARTH SCIENCES AND A A - A A = - o
s e . VA TAINGUYEN VOI PHAT TRIEN BEN VIPNG (ERSD 2020)
SUSTAINABLE DEVELOPMENT

Nghién cau lva chon hé polymer bom ép cho tang Mioxen ha
mo Bach Ho
Lé Quang Duyén®* , Lé Puc Vinh%, Lé Van Nam!?, Pham Truong Giang?, Dinh Birc Huy?

! Truong Dai‘ hoc M6 - Dia chat
2Vién Dau khi Viét Nam

TOM TAT

Mic du polymer duoc sit dung rong réi trén thé gici cho viéc bom ép tang cuong thu hdi dau, song yéu ciu ddi véi
ting dbi tugng &p dung lai rit khac nhau. Do dic tinh caa cac mé dau rat khéc nhau vé diéu kién dia chét, dic trung
clia d4 chira, tinh chat va thanh phan dau, diéu kién nhiét d6 va &p suét... nén khé c6 tiéu chi chung cho viéc st dung
céc loai chét polymer. Cac mé dau tai Viét Nam hién nay c6 diéu kién khic nghiét so véi cac mo khéc & trén thé gioi
nhu: d6 sau khai thac 16n, cac gié tri vé nhiét do, ap suat, ndng d6 khoang cia nudc bom ép déu rat cao. Day thuc sy
1a cac yéu tb giéi han ddi vi cac hda chét dugc bom ép vao trong via. Trong didu kién khac nghiét, hién twong phéan
hay, cit mach polymer, hién twong két taa do mudi hay hip phu trong d4 chua ... thudng xuyén xay ra va lam mat hoat
tinh mong muén cia cac chit polymer. Bé dam bao hiéu qua cho viéc sir dung ching thi nhét thiét phai cé cac tiéu chi
riéng dé chon lua cic chit c6 diy du dac tinh thich hop nhit. Trong bai b4o ndy nhém tac gia nghién ciru cac dac tinh
héa ly cua cac loai polime va danh gia cac yéu té anh huéng nhu ndng d6 mudi, nhiét do, cac chit phu gia... t¢i kha
nang hoat dong cta polime dé dua ra hé polime phit hop cho ting Mioxen ha mé Bach Hé.

Tir khoa: Bom ép polime; Hé polime; Nang cao hé sb thu hdi.

1. Mé dau
Bom ¢p polymer thuc chat la pha mot luong nhé polymer vao nuée bom ép nhim lam ting d6 nhét cua
nudc dan téi giam d6 linh dong ctua pha day dau trong via.

Giéng khai thac

Py l' - - - S\\g\ ¥ j”
Leoug | Y n ‘%:\”«s
& kiém dauthu {chativu o \‘\l\ %\ [
héithem | | diéu k.;.. \\\ 3' 3} SR
‘ '~'\\\x‘ _EST
Hlnh 1. Co ché thu héi dau bang bom ép polymer

Vi cong nghé hién tai, phan 16n cac mé dau thuong duoc &p dung bom ép nudc duy tri 4p suét via, trix
céc trudng hop via chira dugc ho tro nang lugng rat manh tir cac vang nudc ria hoge mit khi. Thong thuong,
trén 50% luong dau con nam lai trong via chira va doi hoi can phai ¢ nhiing bién phép tang hiéu qua day
va quét dau. Khi nghién ctu, danh gia kha ning ap dung bom ép polymer trong thuc té can luu y cac tiéu
chi sau:

- Nong do polymer phu thugc vao d6 nhét cua dau;

*Tac gid lién h¢
Email: lequangduyen@humg.edu.vn
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- Bom ép polymer chi dat hiéu qua cao khi ap dung ngay thoi gian dau bom ép véi ty s6 nuéc - dau
chua cao;

- Polymer bi hip phu béi cac thanh phan sét trong dét da via;

- Khé 8p dung véi via chira nit né.
2. Cac h¢ polymer trong céng nghé bom ép thu hai dau khi

C6 nhiéu loai polymer dugc sir dung trong cong nghé thu hdi dau khi. Trong thyc té ching déu nam
trong hai nhom chinh d6 la Polyacrylamides va Polysaccharide.

Polymer polyacrylamide 1a loai polymer tong hop thuy phan mot phan (HPAM). Loai polymer nay c6
uu d1em 1 ré tién, twong ddi bén boi tac dung ciia vi sinh vat, co kha nang giam d6 thAm trong mdi truong
16 rong Tuy nhién ching dé bi phan hily & nhiét 6 cao va dé phan tng voi Ca2+ va Mg2+ trong nudc via.
Diéu nay can tro viée sir dung rong rdi trong cong nghé gia tang hé so thu hoi dau. Bé khic phu hién tugng
nay thong thuong thém céc chat chelat nhu EDTA, HDTP.. . Polysaccharide la polymer vi sinh
(biopolymer hoac Xanthagum) dugc ché tao tir qua trinh 1én men vi sinh. Yéu diém cua loai polymer nay
1a chung dé bi vi sinh pha hily song bu lai chiing c6 d6 bén nhiét cao hon va it bj phan tmg v&i d6 man va
cac cation kim loai trong nudc via. Gia thanh cac loai polymer sinh hoc thudong kha cao do vay viéc ap
dung s& c¢6 gia thanh cao hon sir dung polymer tong hop.

Ngoai ra hién nay tai Viét Nam di c6 mot cong trinh nhién ciru ché tao polymer bang phwong phap chiéu
xa. Co sé cua phuong phap la dudi tdc dung cua birc xa ion hoa (ionizing radiation) da khoi mao va thuc
hién nhiéu phan (g hoa hoc ma biang phwong phap thong thuong khé hoic khong thuc hién duoc, dic biét
trong cac hé polymer, cac phan Gmg héa hoc xay ra nhanh, san phim nhan duoc co do tinh khiét cao va co
thé d& dang diéu khién tdc d6 phan tng. Khi birc Xa tuong tac 1én vat chat chiing truyén nang luong Ién vat
chét, gdy cac qua trinh ion hoa, kich thich, tao gbc tu do (free radicals) trong hé vat chit d hap thu ning
lwong buc xa. Cac gbe tu do tao thanh s& 14 nhirng tac nhan khoi mao (initiator) dong vai trd nhu chét xac
tac trong phan tng hoéa hoc binh thudng nhung chiing c6 hoat tinh héa hoc cao va dé dang thuc hién cac
phan tmg. Tty thudc ban chit va ciu tao cua polymer ciing nhu diéu kién chiéu xa ma phan tmg c6 thé xay
ra theo hudng khau mach (nang cip khéi lugng phan tir) hay cat mach (giam cap khdi luong phén tir), con
phan tmg polymer ghép xay ra do tuong tac ctia gdc tu do hinh thanh trén khung polymer v6i monome hogc
ngugc lai.

3. Pac tinh hoa ly cia céc loai polime

Mac du polymer dugc sir dung rong réi trén thé gidi cho viéc bom ép ting cuong thu hdi dau, song yéu
cau ddi véi timg ddi twong ap dung lai rat khac nhau. Do dic tinh ciia cac mé dau rat khac nhau vé diéu
kién dia chat, dic trung cua da chia, tinh chét va thanh phan dau, diéu kién nhiét do va ap sut... nén kho
¢6 tidu chi chung cho viéc sir dung céc loai chat polymer.

Cac mo dau tai Viét Nam hién nay c6 diéu kién khéc nghiét so voi cac moé khac & trén thé gidi nhu: do
sau khai thac 16n, cac gia tri vé nhiét do, ap suit, néng d6 khoang ctuia nudc bom ép déu rét cao. bay thuc
s 1a cac yéu th gidi han d6i vai cac hoa chat duoc bom ép vao trong via. Trong diéu kién khic nghiét, hién
tuong phan huy , cit mach polymer, hién tugng két tua do mudi hay hép phu trong d4 chira ... thudng xuyén
x4y ra va lam mét hoat tinh mong mudn cia cac chét polymer. Dé dam bao hiéu qua cho viée sir dung chung
thi nhat thiét phai c6 céc tiéu chi riéng dé chon lya cac chit c6 day du dic tinh thich hop nhat.

Céc tiéu chi nay bao gom:

- D6 nhét 16n & ndng do thip, 16n hon véi d6 nhot cta dau via

- Giam d9 linh dong clia nudc bom ép.

- Bén nhiét ¢ nhiét d6 via

- It trong tac véi nwée mudi, cac Cation kim loai trong nudc bién.

- It twong tac véi dt da via.

- Thong dung trén thi truong

Dua vio cac tiéu chi trén nhom téc gia lya chon cac polymer nham muc dich danh gia cac tinh chat cia
ching la:

- Polyacrylic cation

- Polyacrylic anion

- Xanthagum

- Polymer bién tinh chiéu xa (Vién Hat nhan Da Lat).

- CHPAM (Crém hydrazit polyacrylamide).

Polyacrylamit:

Polyacrylamide (PAM) 1a mot chudi dai phan tr mono polymer c¢é c4u trac phan tir (-CH2CHCONH.-)n.
PAM la mét dang polymer c6 kha ning hoa tan tt trong nudc nhung khong tan trong cac dung méi hiru co
thong thuong (nhu methanol, chloroform), khéng mui,mau tring va didc biét khong doc hai véi méi trudng.
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Chinh vi cau trac héa hoc ciia PAM c¢6 chira nhom amide béo nén thudng xay ra cac phan tmg héa hoc
cta nhém nay. Mot phan ing quan trong nhat do la qua trinh thuy phan. Trong méi truong pH cao qua trinh
thiy phan xay ra theo phan ung sau:

| 4w "

CONH, co
H.-'_
> NH
C|JONH2 b
‘QCH —cn%—
2 . —(~HZC—CH—)—

n

Trong madi trudng pH thap (thap hon 2,5) thi qua trinh thily phan thudng tao ra céc lién két ndi phan tir:

"\ CHy—— CH—— CH,—— CH——CH, CH"\M

AT A
o /’ “‘\. @

PAM duoc tmg dung trong nhiéu linh vyc san suit nhu: tng dung nhu tac nhan keo tu cho nganh cong
nghiép khai khoang, xir Iy nudc thai, hay lam phu gia trong nghiép san xuét gidy, va dic biét duoc st dung
trong linh vuc nang cao hé s thu hdi dau. Trong cong nghé gia ting hé sé thu hdi dau cac polymer nay
duoc hoa tan trong nude nude bom ép giam do linh dong cia nudc bom ép, hd trg hidu qua quét clia nudc
bom ép va dam bao duy tri ap xuét via ciia cac giéng khai thac. Polyacrylamit cation, anion c6 nhitng uu
diém 12 hoa tan tdt trong nudc, chiu nhiét, 6n dinh t6t dé cac cation hoa tri hai dic biét 1a canxi, kha nang
hép phu thap.

Xanthan gum:

Puogc tao ra tir chung gidng vi khuan Xanthomonas campestris va phat hién ra dau tién boi Jeanes va cac
dbng su (Jeanes et al., 1961).

Céu tao phén tur Xanthan gum: bao gom nhimg cum 5 gbc dudng lap lai, m&i cum gdm 2 goc duong
D-glucose, 2 goc duong D-mannose, 1 goc duong glucoronate va cac goc acetate, pyruvate voi so lugng
thay d6i. Ngoai ra Xanthan gum con chira cac ion duong hoa tri mot nhu Na hay K. Axit pyruvate 1a mot
thanh phan rat quan trong do no tac dong dén kha ning hoa tan trong nudc ciia polymer.

Xanthan gum 1a phan tir dang xo4n d6i nhung khong déi xtimg. Mach nhanh va mach thing xoan chin
v6i nhau tao thanh hinh dang bén chat. Cac phén tir c6 thé co lai hinh xo04n éc hinh thanh nén ciu tric dic
quanh, khi gip mot sé diéu kién c6 thé bi dudi mach lam thay ddi tinh chit. Mach chinh dwoc mach bén
bao vé nén lam cho xanthan gum twong déi bén vdi axit, kiém va cac enzyme.

Xanthan gum phan tan tét trong nu6e ngot va nude bién, dong thoi cac nhom methyl cia gde pyruvat va
acetyl lai c6 tinh uvu dau. Do d6, ngoai tinh bit nhét, ting d6 nhdt cho nudc bom ép, cac phan tir Xanthan
gum con c6 thé kéo cac mang dau ra khoi bé mat dat da via.

Phu thudc vao chung gidng vi khuan Xathomonas campestris, cong nghé 1én men c6 thé thu duoc
Xanthan gum c¢6 d¢ nhét rat khac nhau véi kich thude hat trong dung dich khac nhau. Trong qué trinh
chuyén dong trong via, Xanthan gum vira thyc hién chirc nang hép phu, bit nhét, vira thyc hién chirc nang
cai thién do nhét. Trong khoang thoi gian ban dau, nhung phan tir Xanthan gum don 1¢ s& dé dang chuyén

41



dong theo dong chay tur giéng bom ep dén giéng khai thac, tham gia qua trinh lam tang d6 nhét cua luu thé
day dau. Mot so phan tir don 1¢ bi hap phu vao dat da via.

COOH n
HsC 0
fRG
HaC
* Ré j])/ o)
OH
RSO OH
CooH P
0 o

OH

Polymer bién tinh chiéu xa (Vién Hat nhan Pa Lat):

Polymer A-806 dugc tong hop bang phwong phap chiéu xa trude. San pham nghién ciru tng dung gia
tang hé s6 thu hoi dau A-806 1a mot loai copolymer bao gdm hai thanh chinh polyvinyl pyrrolidone (PVP)
va acrylamide (AM) ¢6 ciu tao nhu sau:

AECH CHﬂ— CH2=CI_-I0 —ECH 5GH —CH CI_-I%—
A e

2
Polyvinyl pyrrolidone ) A-806
(Polymer) Acrylamide (Polymer)
(Monome)

+ Acrylamide 1a monome dang bét tring c6 cong thirc cau tao CH2=CHCONH2 tan tdt trong nudc,
trong acetone va trong cac alcohol, diém s6i 860C, 1a mot dan xuét cia axit acrylic rat dé trang hop dudi
tac dung cua nhiét va birc xa.

+ Polyvinyl pyrolidone c6 cong thirc hoa hoc (CsHgNO), , polymer nay cé d6 tan cao trong nudce (> 10%
TL/TT), tac dung gia ting mirc do tan nudc cho polymer bién tinh, giam qua trinh thiy phan ciia nhom
chure acrylamide trong méi trudng nude bién, han ché tia ling cia polymer.

Acrylamide khi duoc ghép 1én PVP sé& tao san pham polymer chira hai thanh phan tan tt trong nudc
ddng thoi han ché sy két taa trong moi truong khoang héa cao. Khi polyvinyl pyrrolidone dugc ghép véi
monome tan nudc acrylamide thi trong lugng phan t& va d6 nhét ciia dung dich polymer dugc gia tang.

CHPAM (Crom hydrazit polyacrylamide):

La mot copolymer dugc ddng tring hop gitra acrylamit va axit acrylic dwoc gin thém nhom Crom acetat

¢6 céu triic phan tir R-C(=0)-NHs.
Mot trong nhitng dic tinh quan trong cia CHPAM d6 14 thoi gian tao gel, dy c6 thé 1a mot thong sé quan
trong qua trinh g dung ciia hé gel nay trong thuc t& d6i voi mo khai thac nham tang hiéu qua thu hdi dau.
Dé danh gia lya chon cac polymer phu hop véi didu kién nhiét d6 via nhém tac gia danh gia kha nang bén
nhiét ciia cac polymer & nhiét do 110°C.

Dua trén cac két qua thi nghiém c6 thé nhan xét cac polymer bi phan hity manh trong méi truong nhiét
d6 cao. Theo tinh chat ciia cic polymer bom ép ting cuong thu hdi dau d¢ linh ctia pha day nho hon ciia
pha dau bi déy, trong cac polymer dugc thi nghiém chi ¢ polymer bién tinh birc xa va CHPAM &
2500ppm tuy bi phan hity manh ¢ nhiét 6 cao nhung van c6 thé duy tri d6 nhot ¢ diéu kién via 16n , phu
hop tinh chat dau tho Bach H6. Nhur vay hai loai polymer nay s& dugc tién tién hanh & cac thi nghiém tiép
theo.
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~ECH2-?H j— CH2=C|H —ECH 5GH —CH2—C|H }n—
n c=0 m_o -0
E\DEO I\]Hz I\JH2

Polyvinyl pyrrolidone ) A-806
(Polymer) Acrylamide (Polymer)
(Monome)
Bdng 1. Bién thién dg nhot polymer theo nong dé ¢ 110°C véi nude cdt
Nong |Xathan | Polyacrylic | Polyacrylic Polymer VHN CHPAM
d6 gum Cation anion
(ppm) |7 ngay |7 ngay| 14 |7ngay| 14 [7ngay| 14 | 21 | 30 |7ngay| 14 | 21 | 30
ngay ngay ngay | ngay | ngay ngay | ngay | ngay
500 1 1 1 1 1 12 | 172 1 1 2,5 1 1 1
1000 1 1 1 1 1 15 (13 1 1 46 | 35| 16 1
2000 1 1 1 1,2 1 36 132 22|19 |65 [42] 39|38
2500 1 1,2 1 1,2 1 56 | 45 | 42 | 39| 95 | 79|53 | 44
3000 1 1,25 1 14 1 87 | 65|49 |41 125 (86| 57 | 48
4000 1 1,42 1 1,6 1 82 | 69 | 56 | 47 | 145 [102] 81 | 62
10.00
9.00
8.00
7.00
o 600 —&— VHN-500
- —8— VHN-1000
2 500
: VHN-2000
© 400 —8— VHN-2500
3.00 —8— VHN-3000
5 00 VHN-4000
.\.‘
1.00 _ ———————»
0.00
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00

SG ngay
Hinh 2. Bién thién dg nhét theo thoi gian - Hé Polymer VHN

4. Anh huéng ctia nong do mudi va thanh phin mubi dén dic tinh cia polime.

Thanh phan mudi va nong d6 mudi cia cac kim loai kiém va kiém thé trong nuée bom ép va nudce via
¢6 anh hudng rat 16n t6i higu qua sir dung to hgp chit HDBM trong qua trinh bom ép ting cuong thu hoi
dau. Do nudc bién va nudc via thuong chira ion Ca?* va Mg?* ¢ nong do 1000 - 5000ppm nén cac dai nong
d6 Ca®*, Mg?* thir nghiém ciing nam trong khoang nay. Vi véy, nghién ctru nay danh gia cac olymer véi
ndng do6 2500ppm trong nudc bién thém cation Ca?* va Mg?* ( ndng do cac cation kim loai 16n hon ndng
d0 cation trong thyc té) d cac néng d6 khac nhau, dung dich duoc thir nhiét & 110°C va do dd nhét cuia céc
mau polymer trudc va sau khi thir nhiét.
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S6 ngay
Hinh 3. Bién thién dé nhot theo thoi gian - Hé Polymer CHPAM

Bdng 2. Bién thién dé nhét Polymer 2500ppm ¢ 110°C véi nuwede bién cé nong dé Ca®* va Mg?* khac nhau

Néng d Polymer VHN CHPAM
24N At 7 14 21 30 7 14 21 30
Ca*"Mg 0 R X . N 0 5 . X X
ngay | ngdy | ngay | ngay ngay | ngdy | ngay | ngay
1000 6,2 5,2 4,3 2,8 2,1 11,8 8,5 6,7 4,6 2,9
2000 6,2 4,9 3,8 3,4 2,0 11,8 7,6 6,4 4,3 2,5
3000 6,2 4,8 3,7 3,2 18 11,8 5,6 4,5 3,7 2,2
3500 6,2 4,6 2,9 2,6 18 11,8 5,3 3,1 2,8 2,1
4000 6,2 3,6 2,5 2,2 1,7 11,8 4,6 2,9 2,6 2,1
4500 6,2 3,2 2,3 19 15 11,8 3,5 2,5 2,0 1,8
5000 6,2 3,0 2,0 19 14 11,8 34 2,1 2,1 1,7

5. Két luan

Anh huong cia nudc bién thém, cac cation Ca2+ va Mg2+ theo thoi gian thir nhiét ¢ 1100C duoc thir
nghiém cho thiy kha ning chiu mudi ciia polymer chua phu véi véi diéu kién khai thac, d6 nhot thay doi
tir 6,2¢p trude khi nung va 1,4cp vai Polymer VHN, 1,7cp véi CHPAM

Tir céc két qua thuc nghiém bién thién do nhét véi cac chat phu gia nghién ciu 13 cac chat Na2EDTA,
Dithicarbamat, EDG. Nong d¢ phu gia dugc khao sét tir 0,6% —1% d6i véi chit HDBM c6 thé nhan thay
cac chit chelat c6 anh hudng téi d nhot cua cac polymer trong qué trinh thir nhiét. C6 thé giai thich diéu
nay la khi thém céc phu gia bén nhiét, céc chét chelat tao phirc bén véi c4c cation kim loai do vay lam giam
su tuong tac cua cac polymer véi cac cation kim loai dan dén ting tinh chiu nhiét cua cac polymer. Céac
phu gia bén nhiét dugc thuc hién trong thi nghiém Na2EDTA, Dithicarbamat, EDG thi phu gia
Dithicarbamat c tinh chit wu viét hon c4, ndng d6 ti wu dugc st dung 12 0,9%.

Dua trén céc két qua thi nghiém c6 thé nhan xét cac polymer bi phan huy manh trong méi trudng nhiét
d6 cao. Theo tinh chat ctia cac polymer bom ép ting cuong thu hoi dau do linh dong ctia pha day nho hon
cta pha dau bi day, trong cac polymer dugc thi nghiém chi c6 polymer bién tinh birc xa va CHPAM &
2500ppm tuy bi phan hity manh & nhiét d6 cao nhung van c6 thé duy tri d6 nhét & diéu kién via lon , phu
hop tinh chat dau thd Bach H.
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ABSTRACT

Study to select the injection polymer system for the lower Miocene,
Bach Ho field

Le Quang Duyen?, Le Duc Vinh?, Le Van Nam?, Pham Truong Giang?, Dinh Duc Huy?,
'Hanoi University of Mining and Geology
2 Vietnam Petroleum Institute

Although polymers are widely used around the world for oil recovery, injection requirements vary widely.
Because the properties of oil fields are very different in terms of geology, storage rock characteristics, oil
properties and composition, temperature and pressure conditions ... it is difficult to have general criteria for
the use of substances. polymer. Qil fields in Vietnam today have harsh conditions compared to other fields
in the world such as: great depth of exploitation, values of temperature, pressure, and mineral concentration
of injection water are very high. . These are really limiting factors for chemicals that are injected into the
reservoir. In extreme conditions, the phenomenon of decomposition, cutting polymer circuits, precipitation
due to salt or adsorption in the containing rock ... often occurs and loses the desired activity of the polymer.
To ensure the effectiveness of their use, it is essential to have separate criteria for the selection of substances
with the most appropriate properties. In this paper, the authors study the physicochemical properties of
polymers, and evaluate influencing factors such as salt concentration, temperature, additives... on the ability
of polymers to function. proposed polymer system suitable for the Miocene layer of the lower Bach Ho
mine.

Keywords: Enhanced Oil Recovery; injection of polymer; surfactants.
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E R;S E ~_ HOINGHI TOAN QUOC KHOA HQC TRAI AT
EARTHSCIENCES AND VA TAI NGUYEN VO PHAT TRIEN BEN VNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

St dung phuong phéap duong cong suy giam du bao khai thac cac
gieng tai cau tao Bo cau Trang

Lé Quang Duyén®*
YTruong Dai hoc M6 - Dia chat

TOM TAT

Trong linh vyuc khai thac dau khi tir truée dén nay, viéc phan tich dir liéu khai thac s& giup viéc du bao luu
luong khai thac trong tuwong lai chinh xac hon va ¢am bao ké hoach khai théc an toan va hiéu qua day la
cong viéc ludn song hanh trong sudt qué trinh khai thac cia mé 1a co sé cho cong tac phat trién mo. Ngoai
ra tir viéc phan tich va dy bao san luong khai thac n6 con danh gia duoc kha ning khai thac thuc té thong
qua san luong thuc té. Trong bai bao nay nhom tac gia gidi thiéu phuong phap du bao khai thac dua trén
phuong phap duong cong suy giam (md hinh Arps) cho ciu tao bd cau trang thugc 16 09-1 thém luc dia
phia nam Viét Nam. Dy 1a mot phuong phap cb dién duoc phat trién tir nhimg nam 1945 tuy nhién day 1a
phuong phap dya trén sy suy giam cua duong cong luu lugng khai thac theo thoi gian nén tinh logic va kha
ning ap dung s& cho két quacé do chinh xac cao. Két qua cho thay sau 5 nam khai thac, luu lwong khai théc
trung binh giam tir 168 tan/ngay xudng con 42 tin/ngay va mot sb giéng co thé s& dong do khong dat chi
tiéu kinh té. Trong khi tong san luong khai thac toan mo tinh tir dau doi mo du kién dat 1,5 triéu tan.

Tir khéa: M6 hinh dudng cong suy giam; San lwong khai théc; CAu tao bo cu trang.

1. Mé dau

Hién nay, dé phan tich céc dir liéu khai thac nham dy béo khai thac cho cac mo dau dugc thuc hién dya
trén cac phuong phap truyén thong, trong d6 ¢6 cac mo hinh Arps (1945), Fetkovich (1980), Palacio va
Blasingame (1993), Agarwal (1993), FMB (1998), cic phuong phap nay dua trén sé lidu Iuu luong khai
thac duoc biéu dién twong quan theo thoi gian nham xay dung duong cong thuc nghiém hay dwdng cong
suy giam sat thuc té nhit. Qua trinh nay dugc thuc hién nhd cac md hinh toan hoc duoc goi 1a phuong phap
phan tich dudng cong suy giam hay qua trinh khop lich sir khai thac. Nhugc diém cua cac phuong phap
nay la can gia thiét ap sut day giéng khong thay doi, diéu kién bién cua via trong giai doan xem xét 1a mot
hang s6 va khong xét t6i diéu kién van hanh giéng. Diéu d6 c6 nghia 13, giéng khai thac trong giai doan gia
on dinh hay giai doan trung gian s& khong théa man diéu kién va dan t6i viéc du bao luu lwong khai thac
thiéu chinh xac. Vi vay phan tich sb liéu khai thac 12 mot cong tac tién hanh trén sé liéu khai thac thuc, &
trang thai dong, két qua s& phan anh chinh xéc hién trang khai thac va dic tinh via thay d6i, dd con nhiéu
nhuoc diém nhung ddy 1a huéng cong tac tét can dugc nghién ciru sau, phat trién va két hop véi cac phuong
phap khac nham han ché tdi da sai 1éch cu viéc khop lich st khai thac.

2. Phuong phap phén tich dwong cong suy giam

Phan tich duong cong suy giam duoc Arps gidi thiéu vao ndm 1945, phuong phép nay duge ding dé
phan tich sy suy giam cta Iuu lugng khai thac va du doan tinh trang khai thac cua cAc giéng. Phan tich
duong cong suy giam khéng dua trén Iy thuyét co ban nhéat dinh ma dya trén quan sat thyc nghiém qua
trinh khai thac.Trong phan tich dudng cong suy giam cé hai hé thong dudng cong dugc dung cha yéu la:
su suy giam luu lugng khai thac theo thoi gian (g/t) va theo san lugng tich liy cong don (q/Q). Thai gian
1a bién doc 1ap thich hop vi ngoai suy tir d thi g/t c6 thé du doan san lugng va gia tri kinh té mot cach truc
tiép. Tuy nhién, phan tich d6 thi g/Q c6 rat nhiéu wu diém hon, khong chi x4c dinh kha nang thu hdi tai thoi
diém giGi han kinh té (thoi diém tai mot giéng ma muc thu nhap do san xuat biang khoang chi phi cho diéu
hanh) ma con giGp danh gia chinh xac trong nhiing treong hop qué trinh khai thac bi gian doan.
2.1 Ly thuyét cia Arps

Phuong phap phan tich dwong cong suy giam chi dugc Arps sir dung khi dong chay dat dén trang théi
chiu anh huéng cta bién. Phuong phap nay dugc dat trong cac gia thuyét sau:

*Tac gid lién h¢
Email: lequangduyen@humg.edu.vn
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- Ap suat via 1a hang sé. Hé sb skin khong phu thudc thoi gian.

- Dién tich ving khai thac khong d6i, viing xung quanh giéng 6n dinh.

Ly thuyét dudng cong suy giam bt dau vai ti s6 phan tram suy giam luu lugng Ag/ g trong mot don vi
thoi gian At:

_4a9,  _dq
_ ) QP )
dt q

D duoc goi 1a ti s6 suy giam (decline rate). Tir phuong trinh trén, ciing c6 thé xem D la ti 1a ti s6 gitra do
dbc cua dudng cong suy giam va luu lwong khai thac.

Két hop D véi hé sb kinh nghiém b (0 < b < 1) Arps da dua ra phuong trinh tong quét cho luu lugng
khai thac theo thoi gian va san lugng tich lity cong don theo thoi gian nhu sau:

_ di
1= onge @
o = [yl —ae @

qi, Di: luu lwong va ti sé suy giam ang vai ‘théi gian t = 0 Arps gidi thiéu 3 dang duong cong suy giam:
duong cong ham mi, ham hyperbolic, ham diéu hoa (harmonic):

Harmonic (b=1)

Hyperbolic (0<b<1)
([i
1
(1+bDt)"

.

q =

Exponential (b=0)

Dt
q = q; e

T T T T
Hinh 1. Cac dang dwong cong suy giam theo quan hé g/t

Bdngl. Ddc trung cua Cac dang dirong cong

Céc dang duong cong Dang ham mi Dang Hyperbolic Dang ham diéu hoa
(Harmonic)
Céc hé s6 dic trung D la hiang s6 D phu thudc b D ty I& véi luu
b=0 0<b<1 lugng b=1
Do thi c6 duong cong | Log(q)/t Log(qg)/t Log(9)/Q
tuyén tinh q/Q
Ham luu luong theo q = q;eP* q=q;(1+bD;t)"¥/b qa=q;(1+Djt)™*
thoi gian q(t)
Ham séan lugng tich liy _4i—4a b L)
cong don theo luu Q= D Q= (1_(1711))]) a™-q"™ Q= Dl1 q
luong Q(t) '
Ung dung duong cong | Xac dinh trir | Xac dinh trir lugng kha nang Xac dinh trir lugng
tinh theo téc dd suy | lugng xac minh c6 thé thu hoi tai
giam t6i thiéu thoi diém xét
Py €Ot | 4 TR 4 s [al (L bDie) ak?] | Qe plincE
Luong HC tai chd N N= EUR
Ct(pi _ pwf)
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Trong do: f la ky hiéu cho thoi diém bt dau tién hanh dy doén trit lugng. ab la ky hiéu cho thoi diém cudi
cung khi khai thac dap (ng lgi ich kinh té.

lvu
luong

t’ 1 tab
thoi gian
Hinh 2 D6 thj wéc tinh leu leong tai cdc diém &, tr, tas

He s6 kinh nghiém b cua Arps ap dung ung véi cac truong hop sau:

- Néu giéng khai thac trén &p suat diém s6i hoac giéng khai thac véi chit luu mot pha va dong chay &
ché d6 chiu anh huong caa bién thi b = 0.

- Néu giéng khai thac dudi ap suat diém sdi hoac via khai thac vai co ché khi hoa tan thi co cac truong
hop: dau nhe, chiu tac dong cua nudéc ria (b = 0,5); moé khi (0,4 < b < 0,5).

Dic biét d6i voi ham Hyperbolic, dii luu lugng duoc vé theo dd thi log(q)/t duong cong van khong tuyen
tinh nén khi tinh trix lvong cho thoi gian dai thudng cho két qua cao, khong thuc té, nén Robertson d& nghi
chuyén tir dang suy giam ham Hyperbolic sang ham mii tai thoi diém hé s6 D = 10%.

2.2 Cic budc tién hanh phan tich

Déi véi @6 thi duong cong suy giam san luong dang ham mii:

- Xay dung @6 thi semilog véi truc toa do y 1a log(q), truc x la thoi gian (t) hodc db thi g/Q véi trucy la
g, truc x la Q.

- Xac dinh ti s6 suy giam D bang c¢ong thic: D = -2,302 x slope = -2.302 x(Aq/At) tir d6 thi log(g)/t. V&
duong thang suy giam tuyén tinh bang gia tri do doc Ag/At va Aq/Q. Ngoai suy dén thoi diém bat ky hay
thoi diém ta» dé du doan san lwong khai thac va trit luong chat luu ¢ kha nang thu hoi.

Dbi véi @6 thi duong cong suy giam dang ham hyperbolic:
khi biét san lugng khai thac c6 dang ham nay thi &p dung céc cong thic trong Bang 1 dé xac dinh cac gia
tri can udéc tinh.

2.3 Pic diém ciia phwong phdp dwong cong suy gi@gm

Vi tién hanh phan tich trén s ligu thuc nghiém nén két qua trong danh gia trit luong chi la lugng
hydrocacbon c6 kha nang thu hoi, khdng phai 1a lugng hydrocabon tai chd (HCIP - Hydrocarbon In Place)
Vi phu thugc vao diéu kign khai théc. Vi vay sSau khi phan tich duong cong suy giam nén déi sénh voi két
qua danh gia trir lugng bang phuong phép thé tich, phuong phap can bang vat chat, hé sb thu hoi.

CO rat nhleu yeu t6 anh huong lam thay d6i xu hudng suy giam cua qué trinh khai thac nhu: diéu kién
via (4p suit via, s6 lugng gieng, co ché tac dong ty nhién, dic tinh via, d béo hoa, d6 thim tuong dol)
diéu kién khai thac (&p suat tai binh tach, kich thugce, duong kinh ong khai thac, cong tac bao dudng giéng,
cach dit con...). Nén chi tién hanh phan tich khi cac diéu kién trén on dinh, va khong thay ddi theo thoi
gian.

Phuong phap dudng cong suy giam la phuong phéap thuc nghiém, don gian, dé dang cho tinh toan, phan
tich, khong can nhiéu sé lidu. Két qua phén tich, du b4o trong thoi gian ngan 14 kh& chinh xé4c.

Phuong phap Arps khong thé ap dung phan tich khi dong chay ¢ ché do chuyén tiép va chi dugc tién
hanh phan tich khi lich str khai thac du 1au dé c6 thé xac dinh xu huéng cua duong cong.

48



3. Pong thai khai thac cac giéng ciu tao BCT

Khu vuc phia Bic cau tao B Cau Trang duogc dwa vao khai thac dau tién trong mo, luu luong khai thac
ban dau céc giéng BCT-5XP, BCT-1X, BCT-1P va BCT-4P tuwong ddi cao (tir 100 tin/ngay dén 200
tan/ngay), khong xuat hién nudc trong qua trinh khai thac. Giai doan 2013-2015, mo Bd Cau Tréng tién
hanh dan day giéng tai khu vuc trung tdm, trong qua trinh khai thac ap suét via suy giam nhanh. Dén nam
2017, 2 giéng khai thac c6 san lwong kém dugc chuyén ddi thanh giéng bom ép (BCT- 5P va BCT-10P)
nham muc dinh bé sung ning luong cho khu vyc trung tam, tuy nhién nhip d6 bom ¢ép 16n dé gy ra hién
tugng Vot nudc sém tai cac gieng lan can. Cac giéng khu vuc trung tam lan luot dong vao nam 2018. Tinh
dén thoi diém hién tai, Cdu tao B6 Cau Trang con 11 giéng dang khai thac. Cac danh gia vé dong thai khai
thac tai Bd Cau Tring va khu vyc gian BK-16 di cho thdy mirc d6 anh huéng cua ting nuéc manh dan tir
Bac xuéng Nam.
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Hinh 3. Ddng thai khai thac cau tao BCT giai dogn 2012-2015
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Hinh 4. Béng thai khai thac cdu tao BCT giai doan 2015 - nay

4. Dy béo sin hrgng khai thac mé Bé CAu Tring theo phwong phap dwong cong suy giam caa Arps

Néu giéng khai thac dudi &p suat diém sbi hoac via khai thac véi co ché khi hoa tan thi ¢ cac truong
hop: dau nhe, chiu tac dong cua nudéce ria (b = 0,5); mo khi (0.4 < b < 0,5). Céc giéng tai mo Bo Cau Trang
déu 1a cac giéng chiu tac dong ciia nudce ria nén ta liy b=0,5. Va du béo khai thac cho cac giéng cua tai Bo
Cau Trang theo dang dwong cong suy giam Hyperbolic.

q = qi(1 + bDit)-1/b (4)
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Trong d6: qi: luu lwgng khai thac tai thoi diém bat dau du béo.

q: luu lwgng du bao khai thac

t: thoi gian dy béo khai thac

D: hang s suy giam

Ap dung cho giéng BCT -1P do suy giam tir ngay khai thac thir 1 véi luu luong qo = 336 tan/ngay dén
ngay khai thac thir 2500 V&i 02500 = 33 tin/ngay. Thu duoc két qua khop lich st va du bao nhu Hinh 5 duéi
day
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Hinh 5. D4 thi lich s va du bdo heu lrong khai thac cau tao B4 cau Trdng
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Theo két qua du bdo thi sau 5 nam khai théc, luu lwong khai thac mo B Cau Tréng dat khoang hon 42
tan/ngay. Va mot s6 gleng trong nam t6i luu lugng khai thac giam xudng dudi 5 tan/ngay thi co thé
phai s& dong giéng dé phuc vu nghién ciu ké hoach bom ép nudc duy tri &p sut via cho giéng khai thac
con lai nham nang cao hiéu qua kinh té cho toan mo.
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ABSTRACT

Using the decline curve method to predict production in the structure
Bo cau Trang

Le Quang Duyen?®
'Hanoi University of Mining and Geology

In the field of oil and gas exploitation, the analysis of exploitation data will help forecast the exploitation
flow in the future more accurately and ensure a safe and effective exploitation plan. Always accompanying
throughout the mining process is the basis for mine development. In addition, from the analysis and
forecasting catches, it also assesses the actual exploitation capacity through the actual output. In this article,
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the authors introduce the exploitation prediction method based on the reduction curve method (Arps model)
for the structure of white pigeons in block 09-1 of the southern continental shelf of Vietham. This is a
classical method developed in 1945, but this is a method based on the deterioration of the mining flow
curve over time, so logic and applicability will give accurate results. high. The results show that after 5
years of operation, the average yield decreased from 168 tons / day to 42 tons / day and some wells may
close due to the failure to meet economic targets. While the total mining output of the whole mine from the
beginning of the mine life is expected to reach 1.5 million tons.

Keywords: History matching; production prediction; Arps model.
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Ung dung m6 hinh dia co lya chon trong luong riéng
cho cac gieng khoan phc tap tai bon triing Nam Coén Son
L& Quang Duyén®*, Hoang Thanh Tuing?

L Trirong Pai hoc Mo - Pja chdt
2 PVD deep Water

TOM TAT

Bon Triing Nam Con Son lai 1a mot khu vuc c6 diéu kién dia chat phic tap, cac mo dau khi & trong khu
vuc nay nam trong cac cau tric riéng ¢, phuc tap. Su chénh léch gitra &p suit via va v via nhleu chd rat
nhé dan tai viéc thi cong khoan céc giéng khoan tai khu vuc nay cuc ky phic tap, do d6 cac su ¢b thuong
xay ra trong qua trinh thi cong céc giéng khoan nhu: sap | thanh giéng khoan, mat mot phan hoic mét toan
b6 tuan hoan dung dich, hién tugng kick,... Nhitng su ¢é nay c6 tac dong xau téi hiéu qua kinh té ky thuat
ctia toan bo du an. Do do, viée xac dinh truong wng suét va xay dung dugc mé hinh ¢ng dung co hoc da
trong viéc phan tich tinh on dinh cia thanh giéng khoan tir 6 4p dung tinh toan lua chon trong lwgng riéng
dung dich va d6 sau dat chan de dng chéng thich hop trong qué trinh thi céng giéng khoan dau khi s& gidp
nang cao hiéu qua thi cdng giéng khoan, giam thiéu nhirng ruai ro trong qua trinh khoan, téi wu hoa trong
viéc thiét ké giéng khoan, lya chon thiét bi thi cong hop 1y... giam thiéu chi phi dau tu, ting hiéu qua kinh
té cho du an.

Trong cong tac khoan néu trong lugng riéng dung dich khoan khéng phi hop thi tng suat xung quanh 15
khoan c6 thé s& qua 16n, va khi vong tron Mohr cham vao dudng téi han thi ¢é thé s& xay ra hién tugng phéa
hily cit, kéo theo d6 1a gay nén hién tugng break out 1am cho chi phi khoan giéng ting Ién, nghiém trong
hon ¢6 thé phai huy giéng khoan trudc khi dat toi muc tiéu thiét ké. Trong bai bao nay nhom tac gia dua
vao mé hinh dia co dé xac dinh dwoc cua s6 dung dich khoan (Window mudweight) tir viéc xac dinh dugc
&p suat thanh h¢, 4p suét thanh tao khe nut (fracture pressure) va ap suit gay sap lo thanh hé (collapse
pressure).

Tur khoa: M6 hinh dia co; Dung dich khoan; trong lugng riéng.

1. Mé dau

Bon triing Nam Con Son hay con goi 1a bé Nam Cén Son 1a mét bon triing 16n ¢6 dién tich khoang
100.000 km2, nim & thém luc dia Nam Viét Nam. Cung véi bé Ciru Long, Nam Cén Son 1a mét trong
nhiing bé c6 tiém ning dau khi. Bé Nam Cén Son bi gigi han vé phia bic boi doi nang Phan Rang, ngan
cach vai bé Phii Khénh ¢ phia tay bic boi déi nang Con Son, ngin cach véi bé Ciru Long & phia tay va
phia nam boi doi nang Khorat-Natuna. Ranh gidi phia déng, dong nam cua bé dwoc gisi han bdi don
nghiéng Da Lat - Ving May va bé Truong Sa, phia dong nam la bé Viing May. Bé nay nam trén kiéu vo
chuyen tlep giita cac mién vo luc dia va kiéu vo dai duong. Hoat dong tim kiém tham do dau khi ¢ day
dugc bat dau tir thap nién 1970 caa thé ky 20. Da ¢ 26 nha thau dau khi nuwdc ngoai tién hanh khao sat gan
60.000 km dia chan 2D va 5400 km? dia chan 3D, khoan 78 giéng khoan tham do, tham lugng va khai thac,
xéc lap dugc 5 mo va 17 phat hién dau khi. Tuy nhién viéc thi cdng céac giéng khoan tai day tuong doi phuc
tap do dic diém ving mo c6 nhiét d6 cao va ap suit cao dia chét phuc tap nén cong tac xac dinh trong lugng
riéng dung dich cho tirng khoang khoan c6 y nghia thuc tién dem lai higu qua kinh té cho du &n phét trién
mo.
2.Vong tron Mohr @ng suit

Dé dé dang hon trong viéc tinh toan, ta s& chuyén hé truc toa d6 khong gian hai chiéu dé truc x s& song
song vai chidu caa mot trong hai g suat chinh va truc y khi d6 s& song song véi chiéu cua (ng suét chinh
con lai (Hinh 1). Khi d6 cac g suat tiép s& c6 gié tri bang 0 va tng suét theo mot duong co phuong hop
Véi truc x mot géc 0. Cac cdng thic tinh tng suat thanh phan khi do6 tro thanh:

*Tac gid lién h¢
Email: lequangduyen@humg.edu.vn
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J=§(0_1+0—2)+§(0_1_0—2)60526 @)

r=—§(01—02)sin29 2

Hinh 1. Ung sudt tao boi cdc iing sudt chinh

Thay dbi gié tri géc 8 va vé& gié tri trong (g cua o va T trén hé truc toa do x-y ta dwoc mot duong tron
Gl — 0'2 O'1 + O'2

2

: 0). Tix vong tron Mohr ta thdy, gia tri tuyét ddi cua tng suat tiép dat max tai hai diém ang véi g = % va

goi la vong tron Mohr ( Hinh 2). VVong tron Mohr ¢6 béan kinh la , tam 1a diém c6 toa do (

0= 3z Vong tron Mohr 1a céng cu hitu ich cho viéc phan tich cac diéu kién cho su pha huy dit da.
4

Hinh 2 Vong tron Mohr iing sudt
3. Tinh toan &p suit sap &
Ta sir dung tiéu chuan Mohr-Coulomb véi tng suét hiéu dung:
|z] =S, + po’ €))

Trong d6: p 1a hé sé géc ma sét trong (coefficient of internal friction).
So 12 lyc két dinh trong dat da (cohesive strength).

o

Hinh 3. Vong tron Mohr cham dwong bao phd hiy.
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Hinh v& trén thé hién tiéu chuan Mohr véi vong tron Mohr cham vao duong bao pha huy. Géc ¢ trén
hinh v& goi 1a géc ma sat trong va c6 méi twong quan véi hé sé goc ma sét trong theo cong thic:
tang = p 4
Trén hinh v&, gc 2 thé hién vi tri noi vong tron Mohr cham vao duong bao phéa hily. Dya vao hinh vé
ta c6 thé tim ra gia trji tng suat tiép ung vai diém tiép xdc nay la:

[t =3 (01— 03) sin 2B (5)
va tng suét hiéu dung tai do la:
a’=%(01’ + 03) +%(crl’ - 03) cos2p (6)
Mbi tuong quan gitra goc B va goc ma sat trong ¢ ciing dugc thé hién theo cong thic:
28=9+> )
hay :
=T,
b= P ®)
oy
’ A > = ﬁ
O3 Y

Hinh 4. Xdc dinh géc beta trong vong tron Morh.
Trong Hinh 4: duong nghiéng nét lién 1a dwong thé hién mat phang phé hay ang vai géc ma sat trong 1a

30°, duong nghiéng nét dut 1a duong thé hién goc nghiéng 16n nhét cua mat phang phé huy lién hé véi o1
dua vao tiéu chuan vong tron Mohr.

. O,
Vong tron Mohr khi d6 c6 duong kinh chinh la O va tam trén tryc X véi toa do ?1 . Khi vong tron

Mohr cham vao duong pha huy, Ui chinh bang d6 bén nén don truc (UCS).

Trong cong thic thay O, = 0 , ta ¢6 UCS khi d6 dugc xac dinh:

cos @

UCS =28, Tosing = 25y tan 9)
Tir d6 ta c6 gidi han Mohr dugc xac dinh dya vao céng thac:

o, = UCS + g} tan? B (10)
Vay giéng khoan s& xay ra hién twong pha hay cat (break out) khi:

o{ = UCS + o} tan? B (11)

Trong mot giéng khoan bat ki ba ing suat chinh tac dung Ién thanh giéng 14 ce, or va o,. TUy VAo gié tri
d06 1on ma ta xac dinh duogc tng suat ndo 1a g suat chinh nho nhat (o2) va (ng suat ngang nho nhat (o3)

* Trieong hop giéng thang dimg.

Trong giéng thang diing vi thanh phan (ing suat ngang la bang nhau theo moi hudng (sh=const), ba
thanh phan ng suat chinh lan luot Ia:

o, =R,
Og = ZO'h — PW (12)
Ozz = Oy
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Trong do: Puw la &p suét thiy tinh trong giéng do dung dich khoan tao ra. '
Ta xét truong hop thu nhat oy > 0, > o, khi d6, (tng suat chinh 1én nhat 1a g5 va tng suat chinh nho

nhat la O . Vay giéng s& bi sap lo khi:

oy = UCS + o, tan? (13)
Thay cac gia tri oo va or vao cong thuc trén ta c6 ap suat thuy tinh trong gieng do dung dich khoan gay
nén phé huy cat trong giéng khoan thang dirng v&i tng suat ngang bang nhau theo moi huéng la:
2p_1)— — —
PW < 20,+Pp(tan® f—1)-UCS _ Pp + 2(0),—Pp)-UCS

1+tan? B 1+tan? B
Trong d6: Py 1a &p suat I3 rdng.
Tuong tu, ta thay doi gia thiét vé mdi twong quan giita ba tmg suat chinh, ta s& ¢6 6 truong hop duoc
cho trong Bang 1.
Theo Iy thuyét, ta c6 6 truong hop, nhung trong thuc té cac truong hop d, e va f thuong khéng ton tai
do oy ludn I6n hon Py, vi vay oz ludn 16n hon o .Vi vay chi ¢6 ba truong hop a, b, ¢ dwoc dung cong thirc
dua vao tinh todn mé hinh dia co dé tinh toan ap suét sap 16.

(14)

Bdng 1. Ap sudt thiyy tinh gdy sdp 16 trong giéng dirng véi gid tri vmg sudt ngang khéng doi

Case o] = 03 = 03 Borehole failure occurs if
2(on — p1) — Co
a 0y =2 0; =0 ng.ﬁ’f+w
ay — pr— Coy
b 0, 2 0g 2 O ng.”f'i‘%
tan- 8
oy — pr—Cp
c 0, 2 0r 2 09 Pw = pr+2(0n—p)— ———5——
tan-
2(on — pr) tan® B + Co
d Oy = 0. 2 0 = py
r = Uz = 0g PW/Pt‘f' l+tan3,3
o 209 >0, pw 2 pi+ (oy — pp)tan® B + Co
f 09 = 0y 2 0, Pw < pr+2(on — pp) — (o, — pptan’ f — Co

(V6i Pr= P, 12 &p suit 15 rdng)
* Truong hop giéng khoan ngang.

M-UCS+Pp(tan? f—1)

1+tan2 B ; (15)
Tuong tu v6i hai truong hop con lai o, > g9 > 0, va g, > 0, > 0y ta €6 bang gia tri ap suat thuy tinh tao
bai dung dich khoan gay ra sap 1¢ thanh hé cho giéng ngang nhu sau:

Pw <

Bang 2. Ap sudt thiy tinh gdy sdp ¢ trong giéng ngang

Trudng hop Ap suit thuy tinh gay sap 16
a9 > 0, > 0, P <M—UCS+Pp(tan2[i’—1)
v 1+ tan? B
0, > 0g > 0, P <JZ—UCS—MtanZ,B+Pp(tan2,8—l)
W= tan? p
0, > 0, > 0y pW > UCS+M tanzﬁ—o'szp(l—tanz B)
tan

* Trieong hop giéng 6 quy dao bat ki

Trong truong hop giéng c6 quy dao bat ki vai gc nghiéng 1a i va goc phuong vi a véi do 16n ung suét
ngang khong bang nhau theo cac huéng (cr>on). Ap suat thiy tinh tao boi dung dich khoan gay ra hién
tuong sap lo la:
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B, = m:Z 5 + 0y — 2(0x — 0y) c0s 26 — 47,y sin 2 6) tan® B — o,
9[2(0y — 0y) c0S 20 + 41y, sin 2 0] + P,(1 — tan® B) (16)
Tir ba trudng hop trén ta ¢6 bang &p suit thay tinh do dung dich khoan tao ra ¢6 kha ning gay ra hién

tuong sap 1o la: ) ) ) )
Bang 3. Ap suat thuy tinh gay sap lo trong gieng co quy dao bat ki

Truomg | 0y > 0; > 03 Ap suit thiy tinh giy ra sip 1& thanh giéng
hop
a og > 0. >0, b o + o, — 2(g, ~ 0, )cos26 — 41,,5tn260 — UCS + P,(tan*g — 1)
W= 14 tan?g
b 0z>0g>0 | , 0= 9, [2(0, = 0, ) c0s 20 + 41,,,5n28) — UCS + B,(tan’g — 1)
s tan?f
/J
1 2
¥ %8 2 0r 298 B, =2 tanif (UCS + (o, + oy, — 2(0y — 0y,)c0526 — 4r,.).517126)tart‘ﬁ’
0, — O¢,[2(0, — 0, ) €05 28 + 41, 5in26] + B,(1
- tan®p)

Ap suét téi han dé gy ra hién tuong sap 1¢ trong khi khoan hay con dwoc goi 1a ap suit sap 1& hay
collapse pressure (Cp).

4. Lya chon trong lweng riéng dung dich khoan va chiéu sau 6ng chéng phu hep

Theo Iy thuyét, trong lwong riéng dung dich khoan twong dwong (ECD) duoc giéi han dudi bai duong
gradient &p suat via va gradient ap suat v& via cong thém vai mot khoang an toan. Gradient ap suét via va
v via dugc gia thiét ting theo d6 sau, trong truong hop ndy viéc thiét ké trong lwong riéng dung dich khoan
va tinh toan d6 sau dat chan dé 6ng chong kha don gian.

Mot cap dat 5ng chong duoc thiét ké nhu sau: sau khi dat ng chdng cap trude do, ting ECD 1én bang
&p suat v via trir hé sé an toan va tién hanh khoan. Dén d6 sdu ma ECD bang véi &p suit via cong véi hé
s6 an toan thi tién hanh chéng cap 6ng chéng mai va cir nhu vy cho t6i khi khoan i do sau thiét ké.
Nhung trong thuc té 4p suat gay sap |6 gay ra cho gleng khoan ¢ lic 16n hon 4p suét 15 rdng va thay doi
khong 6n dinh nén viéc thiét ké do sau dat chan dé dng chdng khong chi phu thudc vao ap suét via va ap
Sut v& via ma con phai phu thugc vao ap Suét gay sap 1o.

O Hinh 5, cip 6ng chéng dau tién do &p suat via (dudng mau xanh) I6n hon ap suit gay sap 16 (duong
mau do), trong lugng riéng dung dich khoan va chiéu sau dat chan dé ng chéng phu thugc vao &p suét via
va ap suat v& via.

Nhung & cap dng chdng thir hai va thir 3, do ap suét gay sap 16 vuot qua do 1on cua ap suat via nén trong
lugng riéng dung dich khoan va chiéu sau dat chan dé 6ng chong phai thiét ké phu thudc vao duong ap suét
gay sap 1o va duong &p suat v via.

Ngoai ra, ctra s6 dung dich khoan cho timng cip dng chdng ludn duoc thiét ké sao cho cd mot khoang
thay d6i nhét dinh dé thuan tién cho qué trinh thi cong. Vi du, & cap dng chdng thir nhét, trong luong riéng
dung dich khoan ¢ thé thay doi tir 8.41 toi 10.14 ppg.

Sau khi d& hoan thanh thiét ké va tién hanh khoan gleng s ligu do log cua giéng do phai dugc thu thap
lién tuc dé kiém tra va tinh toan lai sao cho phu hop nhat cac két qua thiét ké ban dau nhu quy dao, trong
luong riéng dung dich khoan, chiéu sau dat chan dé 6ng chdng..., co thé dwoc diéu chinh trong subt quéa
trinh khoan néu nhu n6 khong phu hop.
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Hinh 5. B sdu dat chin dé ong chong va cira sé dung dich khoan
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ABSTRACT

Applying the rock mechanic model to select the density of drilling
fluid for wells in complex conditions in Nam Con Son basin

Le Quang Duyen?', Hoang Thanh Tung?
'Hanoi University of Mining and Geology
2 PVD deep Water

Nam Con Son basin is an area with complicated geological conditions, the oil and gas fields in this area
have separate, complex structures. The difference between reservoir pressure and fracture pressure causes
a lot of drilling problems such as borehole instability, loss of fluid circulation, kick, ... These problems have
a negative impact on the economic and technical efficiency of the drilling project. Therefore, the
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determination of the stress field and the construction of a rock mechanical models helping calculate the
appropriate density of drilling fluid and the casing depth will improve well construction efficiency,
minimize risks during drilling, optimize well design, selection of construction equipment, ... minimizing
investment costs, increasing economic efficiency for the project.

In the drilling process, when the density of the drilling fluid is not suitable, the stress around the borehole
may be too great and the Mohr circle touches the critical line. Then, the appearance of the shear destruction
and break out phenomenon will increase the drilling costs and evenly have to close the well before reaching
the target. In this paper, the authors based on the geomechanical model to determine the window mud
weight based on the determination of formation pressure, fracture pressure and collapse pressure.

Keywords: Rock mechanics; drilling fluid; density.
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Nang cao hiéu qua xac dinh cac d&i dap vo, nat né va hang karst
bang phuong phap bicu dien 3D két qua do sau dién 2D
Pham Ngoc Pat!*, Kiéu Duy Théng?, Pham Ngoc Kién? Lai Hop Phong?, Dwong Thi Ninh?
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TOM TAT

Phuong phap do sau dién 2D dugc ap dung rong rai trong nghién ciru, xac dinh c&c cau trdc dap va, nit né
va hang Karst. Tuy nhién, ¢ Viét Nam, két qua do ghi thuong chi dugc xir ly giai ngugc 2D va minh giai
trén tirng tuyén do riéng 1¢. Cach thirc xir Iy s6 liéu ndy gay ra nhidu han ché cho viéc khoanh dinh céc ciu
trac dia chat trong toan bo khu vuc khao sat. Trong nghién ctru ndy, nhém tac gia da tién hanh biéu dién
két qua giai nguoc tai liéu do sau dién 2D trén toan bo cac tuyén do theo khong gian 3D. Tai lidu do sau
dién 2D trén ving X, phia Tay Ha Noi da duoc st dung trong nghién ciu ndy. Két qua biéu dign 3D cho
tai liéu giai nguoc do sau dién 2D di 1am tang kha nang lién két s liéu gira cac tuyén do, ddng thoi nang
cao tinh chinh x4c trong viéc khoanh ving, xac dinh cac ddi dap v, niat né trong khu vuc nghién cau so
Vi cach biéu dién 2D trén ting tuyén do riéng 1¢. Tinh hiéu qua ctua phuong phép biéu dién méi nay da
duogc chang minh khi so sanh vai tai liéu khoan khao sat trong khu vuc nghién ciru. Tur khéa: Gian khoan
cb dinh, binh tach hai pha, binh tach ba pha.

Tir khoa: Biéu dién 3D; do sau dién 2D; d6i dap v&; hang Karst.

1. Pit véan dé

Hién tuong nut, sut dat dién ra ¢ nhiéu noi trén thé gi¢i va & Vit Nam. Diéu kién ty nhién, diéu kién
dia chit phirc tap va mot sb tac dong nhan sinh 1a nhiing yéu té gy ra hang loat cac tai bién dia chat va moi
truong anh hudng dén doi song nhan dan va thiét hai vé kinh té xa hoi, vi du nhu sap nha, hu hai cac cong
trinh xay dung, mét nudc sinh hoat. Chinh vi vay, viéc nghién ctru xac dinh vi tri, cing nhu nguyén nhan
gay ra cac hién tuong nuat, sut dat co 'y nghia quan trong trong phat trién kinh té, x4 hoi, giam thiéu cac tai
bién dia chit cua tirng khu vuc cu thé.

Phuong phap do sau dién 2D da duoc &p dung c6 hiéu qua & nhiéu noi trén thé gidi ciing nhu ¢ Viét
Nam trong viéc xac dinh cac d6i dap v, nat né, hang hdc va an hoa trong long dat. Mot sé nghién ciru trén
thé gidi, VI du nhu Szalai va nnk, 2014; Duszynski va nnk, 2017, da st dung phuong phap nay va két hop
v6i mot s6 khao sat khac dé danh gia cac cau trdc va tinh lién két caa hé thong cac doi dap va, hang héc
trong viing nghién ctu. Tai Viét Nam, cac nghién ciu caa Poan Vin Tuyén va Vi Cao Minh, 2008, Binh
Van Toan, L& Ngoc Thanh, 2012; Pham Ngoc Dat va nnk, 2018, dé 4p dung phuong phép do sau dién 2D
dé xac dinh, khoanh viing va du béo tai bién c6 the xay ra do hién tugng nut, sut dat.

Tuy nhién, cac nghién ctiru néu trén chi xir ly s6 liéu do ghi 2D va giai thich cac lat cit dja dién riéng lé
trén timg tuyén do, sau d6 giai thich dia chat khu vuc duya trén két qua giai nguoc s ligu do sau dién. Didu
nay gay ra han ché trong viéc xac dinh va khoanh ving dbi tuong tai blen trong khong gian 3 chiéu (3D).
Chinh vi vay, myc tiéu caa nghién ciru nay 1a dwa ra phuong phép xir ly s lidu dé biéu dién cac két qua xir
ly s liéu do sau dién 2D trong khdng gian 3D, gilp nang cao hiéu qua va tinh chinh xac cho cong tac xéac
dinh, khoanh viing va du béo céc déi cau tric dap v&, niit né va hang hdc ¢6 trong viing nghién ctu.

Cong tac Xu ly s6 liéu do sau dién trong nghién ctru nay dugc tlen hanh theo trinh ty nhu sau: (i) xu Iy
giai nguoc s6 lidu do sau dién 2D trén tung tuyén do; (ii) sir dung s6 liéu sau khi giai ngugc dé biéu dién
trong khong gian 3D trén phan mém MATLAB; (iii) loc cac so liu biéu dién 3D theo cac gia tri dién tro
Sut giai nguoc lién quan dén cac dbi tuong dia chat khac nhau; (iv) biéu di&n cac mién dién tro suit lién
quan dén cac dai dap va, nit né va hang héc trong khong gian 3D; (V) giai thich dia chat cac két qua xur ly
sb licu c6 dugc.

Viéc biéu dién 3D két qua do sau dién 2D cho thay hiéu qua vuot troi so véi viéc xu ly sb liéu va biéu
dién két qua riéng Ié trén ting tuyén do trong viéc khoanh ving cac déi pha hiy, dap v& va hang héc trong

*Tac gid lién h¢
Email: ngocdatdvlk52@gmail.com
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khu vuc nghién ctu. Vi tri va sy phan bé theo khong gian 3D ciia cac d6i tugng nay dugc thé hién rd rang
trén hinh v& 3D gitip cho cac nha dia vat 1y, dia chat giai thich két qua khao sat mot cach dé dang va higu
qua hon.
2. Co sé ly thuyét va phwong phép nghién ciru
2.1. Co sé Iy thuyét bai todn ngwoc trong do siu di¢n 2D

Thuc chat bai toan ngugc do sau dién 2D la tim mé hinh I4t cit 2D sao cho cuc tiéu hoa phiém ham F
giita d¢ léch binh phuong gia tri logarit dién tré suat do dugc gi(zj) trén ludi do thuc té va gi tri gi(x) 1a
logarit dién tro suat tinh trén md hinh (Loke, 2010).

2
1 [qi(zj)_gi(zjlp):|
F(x) = —Z y— =g
nig 9; (z;,p)

V6i: i(z;) 1a gia tri logarit dién tré sudt do g =Ig P(2)’ g,(z,.P) la gi4 tri logarit dién tré suat tinh

-0 @

theo tham sb trén mo hinh: 9:(z;,P) =lgp,(z,,p)+ Pl vécto gid trj tham s6 cia md hinh:
P =p(p,.a.,h,)=p(p,): p, lathamsd caamo Hinh2D; p, = (p,,a,,h, ) lagiatri dién tro suat, chiéu

rong va chiéu day cua cac khéi hop dia phuong trén m6 hinh.
8p, 1a bude thay doi tham so pk, véi p, nho thi:

g; (pk + 8pk) = gi(pk) +‘J8pk

=>3.3p, =9, (P +8P,) —9:(P) =&, @
O day: J 12 ma trdn Jacobi cua méi lan thay doi md hinh:J. = X
Py

Nhu vay buéc dich chuyén: sp = 3%, 3)

Vi J? 1a ma tran nghich d4o ctia ma tran J
2.2. Chwong trinh xi¢ |y gidi ngwoc sé liéu do sdu di¢n 2D
S ligu do qi(zj) dugce dua vao theo phuong phap do, s6 diém do, kich thuéc a theo trinh ty do, sau d6
chuong trinh chay theo thuat toan sau (Loke, 2010). Theo phuong trinh (2) dé giam sai s6 ¢, 6 thé sir dung
phuong trinh Gauxo - Newton xac dinh sy thay doi tham sb mé hinh dé giam tong sai s6 binh phuong ciia
phuong trinh (3):

dp, = J %, 4)
V6i sy thay d6i tham sé ndy, tinh toan lai vecto thay d6i tham sé nhan dwoc mé hinh méi:
gn = gn—l + 6pn—l (5)

Tuy nhién trong thuc té bai toan ngwoc Dia vat ly ma tran J2J ¢6 thé 1a ky di nén phwong trinh binh
phuong ti thiéu (2) khong c6 1o giai.

Néu két qua do qi(zj) c6 sai s6 lon, ma tran san pham J1J gan ky di, két qua giai bai toan theo phuwong
trinh (5) s& sai véi thuc té; trong truong hop ndy phai ding phuong phép hdi quy thuc hién theo phuong
phap binh phuong t6i thiéu cudng birc véi phuong trinh méi:

@ rI+af)8p=1J3"g, (6)

O day: f — f1f +fLf, Ia ma tran 1am tron loc di cac s6 liéu sai s6 16n; fx 12 bo loc theo phuong ngang;
f, 12 bo loc theo phuong thang ding; A 1a hé sb suy giam hay trong s ciia cac bo loc 1am tron.

Sau khi & = emin dat két qua, mo hinh g, duoc chip nhan 12 md hinh két qua, chuong trinh giai bai toan
nguoc s& dirng lai, trén man hinh méy hién I&n: L4t cét dién tré suat biéu kién qi= pk(X, z) cua tai liéu do;
Lét cét dién tro suat dwoc tinh toan & 1an lap thir i: gi(X, z); Chap nhan emin thi cho mé hinh p(x, z)=gn(X, z)
& 1an tinh 13p thir n 1a mo hinh két qua. M6 hinh nay thudng dugc coi 1a két qua cudi ciing trong cac nghién
clru truGe day, va dugc st dung dé giai thich dia chit cho tai liéu do sau dién 2D.

2.3. Biéu dién 3D sé ligu do siu dién 2D

Sb liéu dién tro suat giai nguoc dugc lay ra tir mé hinh két qua da néu & phan trén cho timg tuyén do.
Tap hop s6 lidu dién tré suat giai nguoc trén toan bo cac tuyén do dugc luu lai trong mot file biéu dién két
qua 3D. Trong do, cac vi tri gia tri dién tro suat giai nguoc duogc luu lai véi toa do trong khong gian 3D
thay vi 2D nhu dugc lay ra tir file két qua giai nguoc 2D bang phan mém RES2DINV (Loke, 2010). Vi
viéc gia thiét tuyén d6 kéo dai theo phuong truc x va lat cit dién trg suat giai nguoc duoc biéu dién trong
mat (Oxz) caa hé truc toa do Dé-cac (Oxyz), vi tri cia timng gia tri dién trg suat giai nguoc trong khdng gian
3D duoc suy ra d& dang tir vi tri tirng diém do va tuyén do trén so d6 khao sat dia vat ly trong tirng khu virc
nghién ciru. Trong do, toa do cua timg diém sé lidu theo truc x va z 1an lugt duoc lay tir toa do diém s liu
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trén tuyén va do sau cua tirg diém nay trong tap sé liéu gié tri dién tré sudt giai nguoc trén ting tuyén do.
Dua vao vj trf timg tuyén do trén so do khao sat dia vat Iy, vi tri diém s ligu theo truc y dwoc suy ra cho
toan bo cac diém sb liéu trén tirng tuyén do bang thuat toan noi suy Kriging. Phuong phap ndi suy nay dugc
su dung phé bién va di chimg minh duoc hiéu qua trong nhiéu nghién ctru truée day. Sau khi da chuyén
ddi s liéu dién tré suat giai nguoc theo toa do cua khong gian 3D, ching t6i sir dung phan mém MATLAB
dé biéu dién céc két qua do sau dién trén toan bo viing nghién ctu (Higham va Higham, 2016).

3. Két qua va thao luan

T6 "Diso D185 D190 D195 D200 D205 D210
180+ |-
T5 HK71 HK16 HK44 HK52 HK59 D172 D175 D179 ﬁ
1404 -
T4 D110 D115 D120 D125 D130 D135 D12
100 L
HK11 D80 D85 HK20 D0 D95 D98 HK5 D1p6
T3
60 |-
T2 D38 HK40 D45 D50 D55 D60 D65 HK62
20+ |-
T D| D5 D10 D15 D20 D25 D30 D35
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 M
D50 ni8 & i&n tré HKS2 v tri hé
Chit Thich Didm do dién tré T2 404—1__ Tuyén do dién tré Vi tri ho khoan

Hinh 1. So do bé tri tuyén do dia vdt ly trén khu viec nghién cizu

Gia tri dién tréy suat (Ohm.m)

=

B8 06
aFaGk
AL LEY
26 | 96,
LT

Hinh 2. L&t cdt dién trg suat gidi ngueoc tuyén do T5 va vi tri cac |6 khoan tham do trén tuyén

T5 B
5
4 2
— “«@
E ® g
3 2 &
5 '%
g
2%
8
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100 .
. &n (M)
50 50 wnosng cach W %
Chu Gl
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Hinh 3. C4c lat car dién tré sudt gidai nguroc trén tang tuyén do va dia tang cac giéng khoan khao sat
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Chiéu sau (m)
Log, , Roe (fm)
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=
[

Chiéu sau (m)

Hinh 5. Biéu dién 3D cdc viing dién tré sudt thap lién quan dén cdc déi d@p vé, nit né mang va hang
hoc trong khu viec nghién ciu

V& phuong dién dia chat viing nghién ciru ndm & ria triing Song Hong, ¢6 cau tao hai tang: Tang méng
gbm cac thanh tao phun trao thudc hé tang vién nam (T1vn), hé téng Tan Lac (T1olt) va thanh tao cacbonat
hé tang Bong Giao (T2a dg). Tang mong bi cac dut gay phan cit ra cac kho| tang va sut lan yéu trong tan
kién tao. Tang phu chu yéu ciu tao tur cac tram tich Pé tir thugc cac hé tang Vinh Phiic, Thai Binh véi bé
day khong Ién (tir 38 d&én 65m), gan két yéu (Bui Thi Lién, 2012). Cac d6i dap va, niit né va hang héc Karst
thuong chira nude va c6 dién tré suat thap hon so véi cac dbi twong dat da vay quanh.

Hinh 1 biéu dién so d6 bé tri cac diém do trén tirng tuyén khao sat do sau dién 2D, khoang cach giira cac
tuyén do va vi tri cu thé cua cac hd khoan tham do dia chét trong toan bo khu vuc nghién cau. Viéc tong
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hop sb lidu dién tré suat giai nguoc va vi tri ciia chung trong khong gian 3D duoc thyc hién dya trén phan
bd vi tri cac diém do trén Hinh 1 va két qua giai nguoc 2D s6 ligu do ghi trén Hinh 2.

Hinh 2 1a két qua giai nguoc trén 1 tuyén do trong khu vic khao sat. Cac nghién ciru trude day thuong
biéu dién toan bo két qua giai nguoc trén céc tuyén do sau dién 2D nhu Hinh 2. Viéc biéu dién két qua
riéng l¢ trén ting tuyén do nhu vay chi gilp giai thich dia chat cho tai liéu do sau dién 2D trén ting tuyén
do cu thé. Su phan bé gia tri dién tré suat giai nguoc trén toan vang nghién ctru khong dwoc thé hién, gay
kho khan trong viéc khoanh dinh cac ving dién tro suat thip c6 lién quan dén cac d6i dap v, nit né va
hang héc ¢6 trong khu vuc khao sat.

Két qua biéu dién 3D két qua do siu dién 2D duoc thé hién trén cac hinh vé& 3, 4, 5. Trén Hinh 3, toan
bo két qua giai nguoc s6 liéu do sdu dién 2D duoc biéu dién theo cac lat cit tuong ng Vi timg tuyén do
trong khu vuc khao sat. Két hop véi tai liu cac giéng khoan khao sat, ching ta cd thé dé dang xac dinh
dugc vi tri phan bd cac d6i dién tro suat thap lién quan dén cac ddi tuong dat da bi dap va, nit né va hang
hoc tai cac tuyén do va phan bé trén khu vuc khao sét. Tuy nhién, két qua trén Hinh 3 chua c sy lién ket
s ligu dién tro suat giai nguoc gitra céc tuyén do nén viéc khoanh ving cac d6i tuong nghién ciu con gap
nhiéu han ché. Hinh 4 biéu dién két qua lién két sb liéu dién tro sut giai nguoc gitra cac tuyen do trong
toan bo vang khao sat dia vat ly. Két qua thu dwoc trén Hinh 4 cho thay rd rang hon sy phan b theo khéng
gian 3D cua cac dbi twong dién tré suét thap trong khu vuc. Khi tach s liéu lién quan dén cac déi tuong
nay trén Hinh 4 va biéu dién 3D, chung t6i thu dugc két qua nhu Hinh 5. So véi Hinh 2, Hinh 5 cho thay
r& rang hon rat nhiéu sy phan b theo dién tich va chiéu sau cua cac déi dap v, phé hity va hang hbc co
trong vung nghién cu.

4. Két luan

S6 liu dién tro suat giai ngugc 2D trén tirng tuyén do da duoc lién két va biéu dién theo khdng gian 3D.
Két qua biéu didn 3D s ligu dién tro suat giai nguoc 2D cho thay rd rang vi tri cac doi dap va, nit né va
hang hbc c6 dién tro suat thap trong khu vuc nghién ciu theo ca dién tich va chiéu sau. Viéc két hop biéu
dién tai liéu khoan khao sat dia chat lén cac l4t cit dién tré sut giai nguoc trude khi tién hanh biéu didn
3D két qua do sau dién 2D da gop phan khing dinh vi tri caa cac dbi twong nghién ciru.

Xur ly biéu dién 3D két qua do sau dién 2D cho thay rd tinh hiéu qua so véi viéc chi biéu dién két qua
2D theo truyén théng trong viéc giai thich cac két qua khao sat trén thyuc té. Nhém tac gia dé xuat thuc hién
phuong phap xir ly ndy trén nhiéu khu vyc khac, gitp tang tinh chinh xac va hiéu qua giai thich s6 liéu do
sau dién 2D véi nhiéu ddi twong khéc nhau.
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ABSTRACT

Improving the effectiveness of identifying the facture zones and karst
caves by 3D interpolation of the 2D inversed resistivity data

Pham Ngoc Dat?, Kieu Duy Thong?, Pham Ngoc Kien?, Lai Hop Phong?, Duong Thi Ninh?
! Institue of Geological Sciences, Vietnam Academy of Science and Technology
2 Faculty of Oil and Gas, Hanoi University of Mining and Geology

The 2D resistivity tomography is widely applied in identifying fracture zones and Karst structures.
However, in Vietnam, the apparent resistivity data is usually only 2D inversed and geologically explained
on each individual measuring profile. This method of data processing causes many limitations for the
delineation of geological structures in the entire survey area. In this study, the authors show the results of
the interpolation of the 2D inversed resistivity data on all profiles into those distributed in 3D space. The
data in region X, west of Hanoi is utilised in this study. The 3D interpolation for the 2D inversed resistivity
data not only increases the ability to correlate the data amongs measuring profiles, but also improves the
accuracy in the identification of fracture zones and caves in the study area compared to 2D inversion results
on each profile individually. The effectiveness of this new method is proven by the drilling cores in the
study area.

Keywords: 3D interpolation; 2D resistivity tomography; fracture zones; karst caves.
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Nghién ciu tao nano dong tir dung dich Cu(NO3).
bang dich chiét vo trai chuoi hot

Nguyén Huynh Drc 1, Nguyén Thi Thanh Bao 2, Nguyén Thanh Binh 2, Hoang Thu Ha 3
Téng Thi Thanh Huong®*
L Trirong Pai hoc Mo - Pja chadt
2 Vien Vat ly, Vién Han 1am va Khoa hoc Cong nghé Viét Nam
3 Truong Pai hoc Gido duc, Pai hoc Quac gia Ha Ngi

TOM TAT

Hién nay, cac hat nano kim loai duoc tong hop tir cac kim loai c6 nhiéu tng dung. Hat nano dong 12 loai
hat nano kha phé bién véi gia thanh ré va co day du cac tinh chat uu viét nhu tinh chit quang, dién, ti, co,
tinh xuc tac. Trong nghién ciru ndy, cac hat nano dong duoc tao thanh theo phuong phap khir hoé tir dung
dich Cu2+ véi chat khtr 1a céc chét hiru co chiét tir thanh phan thién nhién, cy thé 1a vo trai chudi hot.
Nghién ctru da chi ra rang dich chiét tir vo chudi hot tuoi co hiéu qua déi véi qua trinh tao nano ddng trong
dung dich. Cac diéu kién nong do Cu(NO3)2 0,5mM, thai gian 30 phat, pH = 8 thuan lgi cho qua trinh tao
nano ddng. Hat nano ddng thu duoc co kich thude 4 - 5 nm va én dinh trong vong 7 ngay. Nano dong trong
dung dich c6 kha nang khang nam tét (c6 thé khang dén thoi gian it hon 96h trong diéu kién tu nhién).

Tir khod: Nano dong; chudi hot; khang nam.

1. Pit van dé

Hién nay, cong nghé nano rat phat trién boi dic tinh kich thudc hat nho ¢ nano ¢6 thé tham nhap vao
phan tir vat chat va duoc (ng dung trong nhiéu linh vuc. V& ban chét, cac hat c6 kich thudc nano tao dién
tich bé mat tiép xdc 16n, kha nang bam dinh t6t va dwoc sir dung trong nhiéu linh vuc khac nhau nhu y té,
moi tredng, my pham, xuc tac... V6i nhidu wu diém ndi troi, cong nghé san xuat cac vat liéu c6 kich thudc
nano khéng ngirng phat trién.

Trong cdng nghé nano, c4c hat nano kim loai c6 tinh chat dic biét va cé nhiéu tng dung quan trong. Hat
nano trén co s& dong 1a dang hat nano cé nhiéu ng dung trong céng nghiép, dac biét trong linh vuc dién,
dién tir va xiic tac, mdi trudng. V@ co ban, nano dong dwoc tong hop theo nhidu phwong phap khac nhau
nhu [1,2,5]: phan huy nhiét, nhiét vi song, buc xa, k¥ thuat vi nhi, k¥ thuat siéu téi han, phwong phap
polyol, phwong phap khir nhiét va khir bang song siéu &m. Trong nghién ctru nay, nano dong duoc tong hop
theo phuong phap polyol khir hoé thong qua dung dich chiét tr vo chudi hot. Polyol Ia loai hop chat c6 mat
kha nhiéu trong thanh phan vo, la cia mot sb loai cay trong thién nhién nhu chudi, hat diéu, bang [3].. . Ban
than hop chat ponoI ¢6 tinh khang khuan tét va ciing 1a chat khir hiéu qua dé chuyen cac ion kim loai vé
dang kim loai. Mt sb nghién ciru cho thay trong thanh phan vé va hat cia qua chudi hot ¢ chira ham lugng
cac chat polyol cao [4,5,6], rat hiéu qua cho viéc s dung nhu mot tac nhan khir ty nhién, than thién voi
mdi trudng.

Trén co so dic tinh tng dung rong réi cia nano dong va gia tri kinh té c6 thé mang lai, di theo xu thé
nghién ciru sir dung cac hop chit thién nhién, than thién véi méi truedng, nghién ciru ndy tap trung vao viéc
tim diéu kién thuan loi trong quy trinh tao nano ddng tir dich chiét vo chubi hot.

2. Nguyén li¢u va phwong phap nghién ciru
2.1. Nguyén liéu

Trong nghién ciru nay, nano dong duoc tong hop tr Cu(NO3), va mét s6 hoa chét trong qua trinh tao
dich chiét nhu C,HsOH 96%, NH3, NaOH. V¢ trai chudi hot dugc thu mua tai thi xa Ba Don, tinh Quang
Binh.

*Tac gid lién h¢
Email: tongthithanhhuong@humg.edu.vn
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2.2. Chiét dich chugi hgt

V6 tréi chudi hot duoc 1am sach, cit nho, dé rao hodc say kho; sau dé chiét bing dung dich etanol 96%
theo ty 1& xac dinh & diéu kién 40°C trong thoi gian 60 phat. Dich chiét dugc bao quan trong ta lanh, tranh
qua trinh 1én men 1am thay ddi thanh phan dich chiét. Quy trinh chiét dich tir vo trai chudi hot thyuc hién
theo so dd Hinh 1.

| VO TRAI CHUOI HQT |

- RL}:a sach
- Cat nho

NGUYEN LIEU VO
TRAI CHUOI HQT THO

Sdy T = 70°C
Thoi gian: 24 gio
y
Chiét bang Etanol 96% NGUYEN LIEU VO
Thoi gian: 60 phut CHUOI HOT KHO

Nhigt @p: 40°C Chiét béng Etanol 96%

Thoi gian: 60 phut
Nhiét dg: 40°C

y \
DICH CHIET TU VO DICH CHIET TU VO
TRAI CHUOI HQT TUOI TRAI CHUOI HQT KHO

Hinh 1. So' dé qué trinh chiét dich tir vé tréi chudi hgt
2.3. Tao nano dong bang dich chiét tir vé chuéi hgt.

Dung dich Cu(NOx), ¢ céc nong d duoc hoa vao 2 loai dich chiét tir vo tréi chudi hot twoi va kho theo
ty 1¢ thanh phan xac dinh. Nong d6 dung dich Cu(NOs). thay doi: 0,3mM, 0,4mM, 0,5 mM va 0,6 mM.
Céc thi nghiém duoc thuc hién ¢ cac gid tri pH 7, 8, 10 va 12; thai gian thay doi: 15 phat, 30 phat, 60 phut,
120 phut.
2.4. Phwong phdp phdn tich ddc trung sdn phtfm

Phuong phéap phén tich FT-IR duoc thuc hién trén may FTIR-6600 Shimadzu, Pai hoc Khoa hoc Tu
nhién.

Mat d6 quang dugc xac dinh trén may UV-VIS 2600 Shimadzu tai phong thi nghiém Vién Vat ly, Vién
Han lam Khoa hoc va Cong ngh¢ Viét Nam;

Phuong phap kinh hién vi dién tu truyen qua (TEM) dugc thyuc hién trén may EM 1010 - Jeol véi hiéu
dién thé 100 kV cua Vién Vé sinh Dich té Trung wong.

3. Két qua va thao luan
3.1. Djch chiét vé tréi chudi hét

Dich chiét vo trai chudi hot theo 2 ngudn nguyén ligu ban dau déu c6 chira thanh phan polyphenol. Két
gua nay cling c6 thé nhan thay tir két qua phan tich FT-IR (Hinh 2)
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Hinh 2. Két qua phan tich phé FT-IR mdu dich chiét vé chudi hét (a): kho; (b): woi
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Pho FT-IR cho thay céc tin hiéu hap thu ang véi céc sé song 3427 - 3354 cm' (dic trung dao dong hoa
tri ctia nhdm - OH), 2131 - 2127 cm™ (dic trung cho dao dong héa tri cuia C = C trong nhém -C =
CH/amino axit), 1656 - 1647 cm™ (dic trung cho dao dong hda tri cua C=0 trong nhém carboxyl), 1280 -
1274 cm™* (d#c trung cho dao dong hoa tri ciia C-O-C trong ete). Cac nhom chuc nay la nhitng nhém dic
trung trong cac hop chat polyphenol, flavonoid, alkaloid. Theo cac tai liéu cong bd truée day, nhitng hop
chat nay c6 vai tro 1a chat khir hiéu qua Cu2* thanh CuP [4,5].

3.2. Anh hwoéng cia logi dich chiét tir vé trai chuéi hgt

Hai dich chiét tir vo tréi chudi hot (dich chiét tir vo trai tuoi va dich chiét tir vo trai kho) dugc danh gia
kha nang tao nano dong tir Cu(NOs)2. Ket qua do do hap thu quang cua dung dich sau khi xur Iy Cu(NOs)2
bang hai loai dung dich chiét duoc dua ra trén Hinh 3.

——Dich kho

—Dich tuoi

Mat do quang, Abs

0.48
55001 5750 60001 6250 65001 6750 70001
Budc song,nm

Hinh 3. D¢ hap thu quang ciia nano dong trong dung dich si dung dich chiét vé trai chugi hot
(a): khé; (b): twoi

Két qua phan tich phé UV-VIS cho thdy xuit hién dinh cuc dai hip thu dic caa dung dich chira nano
ddng tir 2 dich chiét (587 nm véi quy trinh sir dung dich chiét tir v trai chudi hot twoi va 586 nm vdéi dich
chiét tir vo trai chudi hot kho). Tuy nhién, diém khac nhau co ban la dich chiét tir vo chudi hot tuoi cho san
pham c6 mat do quang (1,16 Abs) l6n hon san pham nano tir dich vé chudi hot kho (0,81 Abs). Diéu nay
1a do trong qué trinh siy, so ché vo chudi hot, mot s thanh phan hitu co trong vo chudi bi phan huy. Chinh
diéu nay 1am thay d6i ham luong chat khir polyphenol trong vé chudi, giam hiéu qua hinh thanh nano dong
trong dung dich. Dich chiét tir vo trai chudi hot twoi duoc sir dung cho cac nghién cuu tiép theo.

3.3. Anh hwong ciia nong dj dung dich Cu(NOs)2 dén khd néng tao nano dong trong dung dich

Nong d6 ciia dung dich Cu(NOs), ¢ anh huéng 16 rét dén kha néng tao nano dong trong dich chiét vo
trai chudi hot. Ket qua phan tich anh husng cua dung dich dong vei cac nong d6 0,3 - 0,6 mM den sy tao
thanh nano dong trong dung dich thé hién qua két qua do do hap thu quang cac mau san pham (Hinh 4).
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Hinh 4. D¢ hap thu quang cua dung dich nano dong ing véi nguon Cu(NO3), & Cac nong dé
(a): 0,3 mM; (b): 0,4 mM; (c): 0,5 mM; (a): 0,6 mM

Két qua phan tich phd UV-VIS dung dich nguon Cu(NO3); & ndng d6 0,5 va 0,6 mM déu xuét hién cuc

dai hap thy dic trung ciia dung dich chira nano dong (584 nm va 588 nm tuong (ng). Tuy nhién véi dung
dich Cu(NOs); 0,3mM va 0,4 mM, khéng quan sat rd cuc dai hap thu nay. Mat khac, mat d6 quang cho
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thay 2 mau tng véi ndng d6 Cu(NO3z)2 0,3mM va 0,4 mM c6 mat 6 quang rat thap (0,28 Abs va 0,23 Abs).
Trong khi d6, san pham tng véi Cu(NOs), 0,5mM ¢ mat do quang 1,16 Abs, I6n hon déng ké so véi mau
san pham &ng vai ndng d6 va Cu(NOs), 0,6 mM c6 mat d6 quang 0,93 Abs. Nhu vy, véi ndng do Cu(NOs),
0,5mM da du cung cép lwong Cu?* cho twong tac khir cia dich chiét trong diéu kién thuc nghiém tai phong
thi nghiém. Két qua khao sat thoi gian bén hoa hat nano cho thay dung dich keo chira nano dong ung véi
Cu(NO3); 0,5mM c6 d6 bén on dinh hat nano trong vong 7 ngay.

3.4. Anh hwong ciia théi gian dén khd néng tao nano dong trong dung dich

Thoi gian 1a mot trong nhitng yéu t6 thuc nghiém anh hudong dén kha ning tao hat nano dong trong dung
dich. Thyc nghiém khao sat khoang thoi gian thay ddi tir 30 - 120 phit véi mau nguon 1a Cu(NOs),0,5mM,
dich chiét tir vo trai chudi tuoi. Két qua danh gia anh huong caa thoi gian dén sy tao thanh nano dong trong
dung dich thé hién qua két qua do d6 hap thu quang cac mau san pham (Hinh 5).
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Hinh 5. H¢ hap thu quang cua dung dick nano dong ing véi thoi gian theec hién
(a): 15 phat; (b): 30 phat; (c): 60 phat; (d): 120 phut

Két qua phan tich UV-VIS cho thiy thoi gian 15 phiit chua du dé thanh phan polyphenol tham gia qua
trinh khir Cu?* tir dung dich Cu(NO3), thanh Cu, cuc dai hap thu hau nhu khong thay xuat hién. Khi thoi
gian thyc hién tir 30 phut kéo dai dén 120 phdt, cuc dai hap thu dic trung cho nano dong trong dung dich
Xuat hién & 584 nm, 582 nm va 581 nm tuong (ng. Bén canh dé, so sanh mét d6 quang cho thiy & thoi gian
30 phut, gia tri nay 1 16n nhat. Gi4 tri mat d6 quang cuaa mau tng véi thai gian 30 phat 1a 16n nhat (1,16
Abs); cac mau c6 thai gian thyc hién dai hon, gia tri mat quang giam dan, cu thé tng véi 60 phut (0,82
Abs), 120 phut (0,70 Abs). Nhu vay thai gian thuc nghiém 30 phat di dé hinh thanh nano déng trong dung
dich.

3.5. Anh hwong ciia pH méi truwong dén kha nang tao nano dong trong dung dich

Gia tri pH moi truong 1a mot trong nhiing yéu té thyc nghiém tac dong tryc tiép dén kha nang tao nano
ddng trong dung dich. Thuc nghiém khao sat pH thay dbi tir 7 -12 phat véi mau ngudn la Cu(NO3)20,5mM,
dich chiét tir vo trai chudi twoi, thoi gian thyc hién 30 phat. Két qua danh gia anh huong cua pH dén sy tao

thanh nano ddng trong dung dich thé hién qua két qua do d6 hap thu quang cac mau san pham (Hinh 6).
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Hinh 6. D¢ hap thu quang cua dung dick nano dong 1ing véi gié tri pH
@:pH=7;(b):pH=38; (c): pH=10; (d): pH=1
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Két qua phan tich cho thiy ¢ pH = 7 va pH = 8 xuat hién cuc dai hip thy ré rang dic trung cho nano
ddng trong dung dich (584 va 587 nm tuong wng). Mat dé quang thu duoc tir san pham thuc hién ¢ pH = 8
(1,17 Abs) cao hon so véi thuc hién & cAc gia tri pH khac (pH = 7: 0,81 Abs, pH = 10: 0,46 Abs, pH = 12:
0,33 Abs). Didu nay c6 thé 1a do pH cao, qué trinh tao phtrc dong didn ra manh, canh tranh vai viéc hinh
thanh déng nano. Do vy, gia tri pH = 8 hoan toan phu hop véi qua trinh tao nano ddng trong dich chiét tir
vé chudi hot tuoi.

3.6. Tinh chdt s@n phdm nano déng trong dung dich

San pham nano dong tir nguon Cu(NOs), 0,5mM trong dich chiét vo chudi hot tuoi, thoi gian 30 phit ¢
pH = 8 c6 két qua xac dinh mat @6 quang thé hién trén Hinh 6b; két qua chup TEM dugc thé hién trén Hinh
7.

Hinh 7. Hinh d¢nh TEM mdu nano d(?ng thu dy’o’c trong diéu kién thyc hién:
dung dich Cu(NOs3), 0,5mM trong dich chiét vo chuoi hor twoi, thoi gian 30 phat ¢ pH = 8

Két qua anh TEM cho thdy mau nano dong thu duoc c6 cAc hat kich thudc 4 - 5 nm. Thoi gian 6n dinh
nano dong trong dung dich trong vong 7 ngay.

M3u nano ddng trong dung dich thu dwoc & trén da duoc khao sét tinh khang khuan, kha ning chdng
nim méc trén ho tinh bot. Cac mau tinh bot ho hoa duoce phun nano dong véi ham lwgng khéc nhau (Bang
1), theo ddi thoi gian hoat dong tir O - 96h. Két qua thé hién trén Hinh 8.

Bang 1. Mdu thur khang khudn véi véi nong dé dung dich nano dong twong 1mg

Mau 1 2 3 4 5 6 7 8
Luong nano dong, ppm 0 30 15 75 6 5 4,3 3,7

Hinh 8. Két qud xdc dinh kha nang khéng nam trén mau ho tinh bét dwoe phun nano dong dung dich ¢
ham luong khac nhau trong khodng thoi gian (a): 24h; (b): 48h; (c): 96h

Két qua khao sat cho thay ¢ 24h, mau s (1) khong phun nano dong da xuat hién nam méc vang trén
dién rong; cac mau khéc it xuat hign; riéng mau sé (2) dugc phun nano dong véi ham lugng 30ppm khéng
¢6 dau hiéu caa nim méc. O 48h, khi quan sat bang mét thuong c6 thé thay: lugng nam moc day dan trén
cdc mau, trir mau s6 2. Cudi cting, ¢ 96h, cac mau déu c6 ndm méc ddy I1én. Mau s6 2 bt dau xuat hign
nam moc.
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4. Két luan

Bang quy trinh chiét voi dung méi etanol, dd thu dwoc dich chiét tir vo chudi hot. Qua danh gia so b9,
trong thanh phan dich chiét c sy xuét hién cua cac nhém -OH. Pay chinh 1a nhitng nhoém chirc trong thanh
phan céc polyphenol. Chinh loai hop chat hitu co nay gii vai trd quan trong dé chuyén Cu?* thanh Cu trong
dung dich. Trong qué trinh tao nano déng dung dich, dich chiét tir vo chubi hot tuoi c6 hiéu qua hon ca.
Qué trinh thyc nghiém cho thay diéu kién dung dich Cu(NOs) trong dich chiét vo chudi hot tuoi, thoi gian
thuc hién 30 phdt, pH = 8 ¢6 hiéu qua nhat dé thu nano ddng. Cac hat nano dong trong dung dich thu duoc
co ban ¢c6 dang cau, kich thuéc 0,4 - 0,5 nm. Hat nano ddng 6n dinh kich thudc trong vong 7 ngay. Bic
tinh céc hat nano dong c6 tinh khang khuan, khang nam tét. Do vay c6 thé phat trién nghién ctu trong linh
vuc bao quan ndng san, thuc pham.

Loi cAm on

Nghién ciru dwoc thyc hién tai phong thi nghiém Boé mén Loc - Hoa dau (Trudong Pai hoc Mo - Dia chat)
va phong thi nghiém Vién Vat ly, Vién Han 1am Khoa hoc va Céng nghé Viét Nam. Nhém nghién ciu chéan
thanh cam on cac don vi va ca nhan da hd trg qua trinh nghién ciu.
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ABSTRACT

Synthesis of Copper Nanoparticles from Cu(NO3). Solvent base on
Extracted Solution from Musa Balbisiana

Nguyen Huynh Duc %, Nguyen Thi Thanh Bao 2, Nguyen Thanh Binh 2, Hoang Thu Ha 3,
Tong Thi Thanh Huong *
! Hanoi University of Mining and Geology
2 Institute of Physics, Vietnam Academy of Science and Technology
3 Vietnam University of Education

Currently, metal nanoparticles were synthesized from metal ion and they have many applications. Copper
nanoparticles are quite popular nanoparticles with low cost and lots of preeminent properties such as optical,
electrical, magnetic, mechanical, and catalytic properties. In this study, copper nanoparticles are
synthesized through the reduction method from Cu?* solution, using extracted solution from musa
balbisiana. This research has shown that extracted solution from fresh balbisiana peel has effective for
creating of copper nanoparticles. The conditions of concentration of Cu(NO3), 0.5mM, time of 30 minutes,
pH = 8 are favorable to forrm the copper nanoparticles. The obtained copper nanoparticles have the size of
4 - 5 nm and stable for 7 days. The copper nanoparticles in solution has good antifungal ability (can be
resistant to less than 96 hours under natural conditions).

Keywords: Copper nanoparticles; musa balbisiana; antifungal.
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Phan tich thudc tinh dja chdn nghién ctru phan bd da chira Miocen
dudi khu vue BDong Bac mo Bach Ho

Nguyén Minh Hoa'*, Nguyén Duy Mudit, Bui Thi Ngan!
YTruong Dai hoc Mo - Dia chat

TOM TAT

Bai béo trinh bay nhirng két qua ban dau khi nghién ctu thudc tinh dia chan trong trim tich Miocen dudi
Poéng Bic mo Bach H6. Cac phuwong phap phan tich thudc tinh dia chan da duoc ap dung, trong d6 cac
thugc tinh bién do bao gdm RAI, RMS, Sweetness, Envelope di xac dinh nhitng viing di thuong bién do
cao lién quan véi da chira cua khu vic nghién ciru. Két qua da khoanh dinh dwoc vi tri va phan bé cac ting
chira tiém ning ¢ Pong Béc, Pong Nam va Tay BAc.

Tir khéa: Thudc tinh dia chin; da chira; bé Ciru Long; mo Bach Ho.

1. Mé dau

Khu vyc nghién ctru nam phia dong bac mé Bach H6 thudc 16 09-1 bé Ctru Long (Hinh 1), cach Viing
Tau khoang 120 km vé phia dong nam, day 14 noi dang khai thac dau khi tir cac dbi tugng da mong phong
héa nit né truéc Kainozoi va cac ddi tuong trong tram tich Oligocen, Miocen dudi. Vé dic diém cau kién
tao, khu vuc dong bac Bach H6 1a d6i nang riéng biét, hinh thanh boi pha nén ép & giai doan Oligocen
muon. Do chiu anh huéng béi canh kién tao cia bé Ctru Long nén khu vuc nghién ctru dwoc xem la cac cau
tao bac ba voi quy mé nho, nam trong céc triing phu hep. Trong nghién ctu nay, nhom téc gia tap trung
vao dbi twong tap tram tich c6 tudi Miocen dudi, dugc gisi han boi hai mat phan xa néc tang phan xa SH7
va ndc tang phan xa SH5. Pay 1a phan dudi cua hé ting Bach H6 va dugc dic trung chii yéu 1a cat két xen
kep véi bot két co mau xam, do cting trung binh, hat min dén tho, géc canh dén ban tron canh, dé chon loc
trung binh (Hinh 2).
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Hinh 1. Khu vic nghién citu déng bdc Bach Hé (theo Vién dau khi Viét Nam)
Tim kiém cac dbi twong chira tiém nang 1a mot muyc tiéu quan trong trong cong tac tim kiém tham do,

BLOCK 93 [
VRl |

* Tac gia lién hé
Email: nguyenminhhoa@humg.edu.vn
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dic biét 1a khi trong khu vire da co cac phat hién dau khi va hé théng dau khi da dugc chiing minh. Hoat
dong tim kiém tham do dau khi di dwoc tién hanh truéc day bao gdm maot lwong 16n céc tai lidu dia chat -
dia vat ly va cac giéng khoan tim kiém, tham do va khai thac cha yéu danh gia tiém ning dau khi ddi tuong
méng nut né trueée Kainozoi va cac ting chira luc nguyén c6 tudi Oligocen.

Hinh 2. Mt cdt dia chdn cat qua khu vire déng bdic Bach Hé (theo Vietsovpetro)

2. Phan tich thuc tinh dia chdn xac dinh phan b da chira diu khi tiém ning tudi Miocen duéi khu
vire dong bic mé Bach Hé

Trong nhimng nim gan day, phuong phap dia chin dwgc phat trién manh mé, khong chi tang hiéu qua khi
nghién ctiu cau tric dia chit ma con xac dinh cac thdng s6 ban chat méi truong nhu xac dinh truc tiép cac
chi tiéu tim kiém dau khi (d6 rdng, bé day tang chira, d6 bao hoa...). Minh giai tai liéu dia chan xac dinh
ranh gigi phan tap, dut gdy dua vao dic diém phan xa trén mat cit dia chan.

Mot loat cac phuong phap dia chan méi dugc hinh thanh nham dap ing yéu cau ngay cang cao trong
tham do va khai thac dau khi. Mot trong nhiing phuong phap dang dugc sir dung rong ri dé nang cao higu
qua cua minh giai tai liu dia chan - d6 1a phan tich thudc tinh dia chin. Thudc tinh dia chin duoc hiéu la
nhitng dic trung dong luc hoc nhu: pha, tan sd, bién do. Ngoai ra, con hang loat cac thong sé phu tro khac
nhu thudc tinh da mach (coherency v.v...), cac thudc tinh dia chan duoc tinh theo mit cat, theo bé mat hozc
theo khéi v.v...(M.T. Tan, 2011).

Thudc tinh bién d6 duoc sir dung dé nhan dang ddc diém thach hoc, sy phan bé cét/sét, su ton tai cac
kénh rach, 10ng séng 6 ciing nhu sy ton tai cua dau - khi. Sy bién doi bién do 1a co s phan biét sy khac
nhau vé& thanh phan thach hoc cuia cac loai tudng, su khac biét ty 1é cét sét, cac di thudng bién do |a cac dau
hiéu lién quan téi sw xut hién dau - khi bén trong tap via chia.

Thudc tinh dia chin bién do binh phuong trung binh RMS duoc tinh trong mét cira s6 phan tich va dich
chuyén theo cac mach dia chan (M.T. Tan, 2011; N.H. Phép va N.T.Hung, 2016). Bang can gia tri trung
binh ciia tong cac binh phwong bién do trong cira s6 tinh:

RMS = /%.Za? (1)

Trong d6: a;la gié tri bién d6 th i;
N 14 sé lvgng mau trong cira s6 tinh.
Thudc tinh RMS duoc tinh toan cho cac mit phan xa véi nhiéu cira sb thoi gian (time windows) khéc
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nhau véi muc dich tim kiém hinh thai cua céc than cét cé tiém ning chtra trong khu vc nghién ciru.

Ngoai ra, nhdm tac gia ciing st dung céc thudc tinh khac nhu d6 phan xa manh (Envelope) dé xac dinh
su thay d6i cua cac dic diém dia chat vé thach hoc, mat do khdi cua dit da. Thudc tinh Sweetness dugc
téng hop tir hai thudc tinh Envelope va thudc tinh Instataneous Frequency (tan s tic thai). Sweetness la
mét cong cu hitu ich trong viéc nhan biét cac 1ong sdng c. Thudc tinh tré khang &m hoc twong d6i RAI ¢6
thé chi ra ranh gioi dia tang, mat bat chinh hop va tinh khong lién tuc. N6 ciing c6 thé chi ra d6 rong hoic
ham luong chét luu trong via chira (S. Chopra and Kurt J., 2009; Kupmos A.C., 3axpescknii K.E., 2014).

Tai liéu dia chan st dung dé minh giai cac ting phan xa va phan tich thudc tinh dia chin 3D khu vic mo
Bach Ho. Tai liéu dia chan dugc xir ly dich chuyén thoi gian truéc cong (PSTM) boi CGG. Nhin chung, tai
liéu c6 d6 phan giai cao, chit lwong tét, dam bao cho viéc minh giai dia chin cAu tric va phan tich cac
thudc tinh dia chan. Céc tai liéu giéng khoan cua khu viee mé Bach H6 va mo Tho Tring da duoc lién két
Véi céc tai liéu dia chan dé chinh xac ranh gisi mat phan xa.

Phuong phép phan tich thudc tinh dia chan duoc thyc hién trén phan mém Petrel. Xu ly thudc tinh dia
chan duoc thuc hién vai cac tham sé cira s6 tinh toan phi hop.

Thuc hién tinh toan cc thudc tinh dia chan bién d binh phuong trung binh RMS, RAI, Sweetness va
Envelope caa dia chan 3D khu vic mé Bach Hé va lién két céc tai lieu PVLGK vai tai liéu dia chan tai cac
giéng khoan ciia mo Bach HS, mo Tho Tréing thay rang céc via cét lién két kha tot voi cac dinh dwong ctia
mach dia chan. Cac dinh duong cta mach dia chan tuong dong véi cac 16p cét day, cac di thuong co bién
d6 cao twong ddng Vi cac ciu tao, vai cac phat hién dau khi trong khu vuc nghién ctru nhu phan trung tam
mé Bach H6 va khu vuc moé Tho Tring. Vi vay nhém tac gia da sir dung cac thudc tinh bién do dia chin dé
xéc dinh cac khu vyc d4 chira tiém ning cho ving dong bac mé Bach Ho. Két qua tinh toan thugc tinh dia
chan RMS, Sweetness dugc trinh bay ¢ Hinh 2, 3. Thudc tinh dia chin RAI va Envelope dugc trinh bay ¢
Hinh 3, Hinh 4.

Hinh 2, Hinh 3 biéu dién thugc tinh dia chan RMS va Sweetness cua tang phan xa SH5 cho thay khu
vuc dong bac ton tai nhiéu ving c6 gia tri bién do cao. Két hop vai két qua phan tich thugc tinh dia chan
RAI (Hinh 4), Envelope (Hinh 5) thay rd nhirng viing di thuong bién d¢ cao nay tuong tw nhu khu vuc mo
Tho Trang & phia tay bac ciia mé Bach H6. Cac viing ¢6 di thuong gid tri bién d6 cao c6 lién quan téi cac
dbi twong da chira 1a cat két tudi Miocen dudi. Do d6 c¢6 thé du bao va xac dinh ving da chira tiém ning
cua khu vuec.
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Hinh 6. Khoanh dinh ving tiém nang trén ban do
Thugc tinh RMS cua tang SH7 tir 0-100ms
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Thugc tinh dia chan bién d6 binh phuwong trung binh (RMS), Sweetness cho noc tang phan xa SH7 dugc
trinh bay & Hinh 6, Hinh 7. Thugc tinh dia chin RAI va Envelope duoc trinh bay & Hinh 8 va Hinh 9.

Phan tich thudc tinh dia chdn RMS, Sweetness cho néc ting phan xa SH7 cho thiy dién tich da chira
tap trung chu yéu & trung tm cua khu vuc moé Bach H6 va mot phan & phia Nam ¢ Hinh 6, Hinh 7. Khu
vuc dong bac mo Bach H ¢6 di thuong bién do cao, nam gan ké voi mo Bach Ho. Tuy nhién cang xa vé
phia bic va dong bic di thuong bién d6 giam dan va phan bé roi rac. Thugc tinh RAI va Envelope két hop
véi RMS, Sweetness dé xac dinh pham vi phan bé caa da chia.

Nhin chung, Trén céc ban d6 thudc tinh dia chan néc ting SH5 va noéc SH7 déu cho thay cac di thuong
¢6 bién do cao, co twong dong vai di thuong bién d6 cua mo Tho Tring va Bach H6. O cac khu vuc Dong
Bac, Pong Nam va Tay Bac cua khu vyc di thuong bién do cao dugc thé hién rd trong khu vyc nghién ciu.
Day 1a viing c6 ton tai da chira tiém ning cua khu vuc dong bac mo Bach H.

3. Két luan

Phan tich thudc tinh dia chan cho phép khai théc ti da cac thong tin dia chat tir dir liéu dia chan va
thugc tinh bién d6 rat hiéu qua vai nghién ciu dic trung da chira. Str dung thudc tinh dia chan bién d6 binh
phuong trung binh RMS két hop vai thudc tinh RAI, Sweetness, Envelope cho phép xac dinh dugc ba viing
da chira tiém nang 1a Pong Bic, Pong Nam va Tay Béc.

Tai ligu tham khao
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ABSTRACT

Seismic attribute analysis to study Lower - Miocene reservoir
distribution in the northeastern area of Bach Ho field

Nguyen Minh Hoa!, Nguyen Duy Muoi?, Bui Thi Ngan*
! Hanoi University of Mining and Geology

The paper is intended to present the initial results when studying seismic attributes in Lower Miocene in
the Northeastern Bach Ho oil field. Seismic atributes analysis were applied such as RAI, RMS, Sweetness,
and Envelope to identify high amplitude anomalous areas that related to the reservoir rock of the study area.
The results have identified the potential reservoir areas in the Northeast, Southeast and Northwest of the
study area.

Keywords: Seismic attribute; reservoir; Cuu Long basin; Bach Ho field.

75



E RS@ HOI NGH| TOAN QUOC KHOA HOC TRAI bAT
EARTH SCIENCES AND A A - 4 e 2 2 ~
GURAL PesOUREES o VA TAI NGUYEN VOI PHAT TRIEN BEN VUNG (ERSD 2020)
SUSTAINABLE DEVELOPMENT

Dic diém tram tich cacbonat qua phan tich tai liéu mau 15i va tai liéu
dia vat Iy giéng khoan khu vic BOng Nam bé Nam Con Son
Nguyén Thi Minh Hong®*, Nguyén Duy Muoit, Pham Thi Hong?

YTruong Dai hoc Mo - Dia chat
2Vien Dau khi Viét Nam

TOM TAT

Véi cach tiép can bao gom phan tich tong hop tai liéu dia chat - dia vat ly, tich hop tai liéu dia vat Iy do ghi
trong giéng khoan véi tai liéu phan tich trén mau I8i, phan loai da chira cacbonat theo cac dac tinh tham
chtra (Lucia) va cac phuong phap danh gia chit lugng ting chira tram tich cacbonat. Bai bao trinh bay két
qua phan loai da chira cacbonat khi &4p dung cac phuong phap nghién ctru dé xac dinh dac diém tram tich
cacbonat tudi Miocen gitra ciia khu viec Dong Nam bé Nam Cén Son

Tu khoa: Thach hoc; Cacbonat; Nam Cén Son.

1. Mé dau

Trong céc d4 tram tich thi cacbonat 1a d4 chira quan trong ciing vai cat két, lwong dau khai thac trong d4
cacbonat hién nay trén thé gisi chiém hon 50%. Tai Viét Nam, mé Dai Hung (16 05.1a) di thu dwgc dong
dau Ién trong céc giéng khoan qua tang cachonat, cac cau tao Yén Tir, Ham Rong (16 102-106) ciing tim ra
mot sb via dau khi trong da cacbonat nay, vi vay cac nghién ciru cu thé vé cac dic diém dia chat, diéu kién
thanh tao, phan bd ciing nhu dc tinh tham chira dau khi trong d4 cacbonat ciing cap cac théng tin hitu ich
phuc vu cho cong tac tham do khai thac dau khi tai Viét Nam dé bao ¢am bén viing cho ngudn tai nguyén
dang can kiét nay. O khu vuc Pong Nam cta bé Nam Con Son (Hinh 1), cho dén thoi diém hién tai do han
ché vé tai liéu dia chan, dia chét, dia vat ly giéng khoan va mau 16i nén van chua c6 nhiéu cac nghién ctu
ti mi va chi tiét vé& dac diém trim tich, chat lugng, tinh chat thim chira va tiém nang dau khi cua dbi tugng
da chua cacbonat. Ung dung céac phuong phép va cong nghé hién dai trong xu Iy va minh giai tai licu dia
cht, dia vét Iy nhu minh giai dia chan dac biét, tinh todn mém, xir ly thong ké da b1en xay dyng mo hinh..
cho phép xé4c dinh dugc dic diém dia chat, sy phan b cua tram tich cacbonat va médi quan hé véi tiém nang
dau khi cua khu vuc.

Trong nghién cau nay tai lidu sir dung bao gom céc tai lidu dia chat, tai liéu khoan (dia vat ly giéng
khoan, mau 16i, mau bun khoan) khu vyc Pong Nam bé Nam Con Son.

107°E 1068°E 09°E

L - =l
107°E 108°E 109°E

Hinh 1. Khu vic nghién cieu Péng Nam Bé Nam Con Son (khung mau xanh)

* Tac gia lién hé
Email: nguyenthiminhhong@humg.edu.vn
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2 Pic diém tram tich cacbonat
2.1. Pic diém twéng dd theo thach hoc tram tich

Theo két qua phan tich thach hoc, mau I8i, mau bun khoan thu duoc tir cac giéng khoan trong khu vuc
nghién ctru, d cacbonat tai khu vuc nghién ciru cha yéu bao gdm 3 loai: d4 cacbonat Packstone, da cacbonat
Wackestone va P616mit (Ahr, 2008; Akbar, 2001).

Pd Packstone: 1a da cacbonat véi thanh phan chinh Ia hat.

Trong giéng khoan 06/94-HH-1X, d4 packstone 1a chu yéu, gap hau hét ¢ cac khoang da voi 2595.0m-
2685.0m, 3640.0m-3675.0m, va 4254.0m-4254.0m, chira mét lugng 16n hat va céc thanh phan cé ngudn
géc tir noi khac dén (allochems) dén 65%, gdm triing 13, tao va manh vun sinh hoc va ca trim tich hat vun.
Xuong d chii yéu 1a micrite calcite vai vat chat hitu co. P6i chd micrite calcite thay thé bing sparite calcite.
Hinh 2 1a mot mau thach hoc 14t mong packstone cua giéng 06/94-HH-1X. Mau nay bao gdm mét lwong
I6n hat hinh xwong, trong d6 phan 16n 1a héa thach trang 16 (foraminifera, Fo, 39.3%), mét luong nhé héa
thach san hé (coral) va cac manh vun hoa thach khac. Do rong bao gom d¢ rdng giira cac khoang hoa thach
trang 15 va d6 rdng gitra tinh thé hinh thanh trong qua trinh dolomite hoa.

Trong giéng khoan 06/94-HDH-1X, da voi chu yéu la packstone, chtra nhiéu hat va céc thanh phan c6
ngudn gdc tir noi khac dén (allochems) nhu tring 13, tao, san ho, dong vat thuy sinh, dong vat than mém
(bryozoan with minor mullusks). Phan I6n hoa d4 da bi micrit hoa thanh calcite va dolomite. Thanh phan
xuong d4 1a micrite calcite va micrite dolomite, di cting véi vat chat hitu co. Trong khoang d6 sau 950m -
1165m, d4 voi bi dolomite hoa, mot s manh vun da voi ¢ thé phan loai la dolomitic limestone (Hinh 3).

Trong giéng khoan 06/94-TV-1X, d4 voi packstone chira mot luong I6n hat va cc thanh phan c6 nguon
goc tir noi khac dén (allochems) gom trung 16 (25%), tao (11- 15%) va manh vun sinh hoc (4.7 - 5%) va ca
tram tich hat vun. Xuong da chu yéu la micrite calcite. Doi chd ¢6 ca vat chat hitu co.

Hinh 3. Dd cacbonat Packstone, 06/94-HDH-1X, 960 m

Pd Wackestone: 1a d4 cacbonat véi thanh phan chinh 1a xwong d4 (matrix), bao gdm 16n hon 10% hat,
v6i phan 16n 1a hat min.

Trong giéng khoan 06/94-HH-1X, d4 voi Wackestones thay & khoang 2740.0m - 2745.0m va 3135m -
3140.0m, dugc dic trung boi sy ton tai cua hat va cac thanh phan ¢ ngudn géc tir noi khac dén (allochems)
va trim tich hat vun. Carbonate allochems gom c6 bioclast nhur tring 13, tio0, va tram tich hat vun nhu hat

77



thach anh c¢ kich thuéc bun cat nim trén xwong da lime-mud. Hau hét cac hoa da bi lap diy boi micrite
calcite va sparite calcite. Xi ming carbonate chu yéu Ia micrite calcite va doi chd la sparite calcite

Trong giéng khoan 06/94-TV-1X, d4 Wackestone la carbonate allochems va tram tich hat vun nam trén
xuong d4 lime-mud. Carbonate allochems gém c6 tao (8,7%) va peloid (3%) va trdm tich hat vun nhu hat
thach anh c6 kich thude bun cat (1%). Sparry cacbonat xi mang chiém phan 16n (37.7%)

Hinh 4 va hinh 5 13 mau wackestone cua giéng 06/94-TV-1X. Nhiéu do rdng hang hc duoc hinh thanh
trong qué trinh hoa tan cac khoang vat. Bén canh dé dé rdng nit né (mau xanh) c6 thé khdng phai do ty
nhién ma dugc hinh thanh trong qué trinh gia cong mau. Hién tugng nay ciling dugc gap trong cac mau khac
cua giéng 06/94-TV-1X. Nhin chung d6 rong khong tét.

Hinh 5. Bd cacbonat Wackestone 06/94-TV-1X, 2028 m

Pélémit: hién tuong dolomit hoa dwoc quan sét thay tai mot sé mau cia giéng 06/94-TV-1X. Hinh 6 1a
mau calcitic dolomite, mau bi anh huéng manh béi qua trinh dolomite (Do, Mi-Do, miii tén mau do). Hinh
7 1a mau dolo-wackestone, mau hau nhu d bi dolomite héa hoan toan (Do, milii tén mau do). Do rong giira
tinh thé hinh thanh trong qua trinh dolomite héa, con d6 réng hang hoc hinh thanh trong qué trinh hoa tan
céc khoang vat, do rong nit né tai day c6 thé do tu nhién ciing c6 thé do qua trinh gia cong mau. Nhin
chung d6 rdng cé thé kha tét.
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ne, 06/94-TV-1X, 1977 m

Hinh 7. Bd Dolo-wackesto

2.2. Diic diém twéng dd theo tinh chét vt |y thach hec (ddc tinh réng-tham)

D¢ danh gi4 tinh chét ctia tang chira cachonat, tai ligu d rong va do thdm do trén mau I5i tru cua 2 giéng
LT-2X ¢ phia Bac va gieng 06-A-1X ¢ phia Nam cua khu vyuc nghién ctru duoc str dung d€ xac dinh cac
tudng da theo dac tinh rong-tham (phan loai cua Lucia [3, 4, 5]). Két qua cho thay trong khu vuc nghién
chu ton tai ca 3 loai da cacbonat (Hinh 8) va mai lién quan t&i tudng thach hoc nhu sau:
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Hinh 8. Phan logi da cacbonat theo phdn logi cua Lucia

Lucia Loai 1: thuong la da cacbonat hat (grainstone),

Lucia Loai 2: thuong la da cacbonat nén (packstone),

Lucia Loai 3: thuong 13 d4 cacbonat c6 hanh phan bun chiém wu thé, 14 d4 voi nén, da voi (wackestone),
da bun (mudstone) va dolostone.
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Pa chtra ¢6 chét lwong chua tir trung binh toi rat tdt, d6 réng thay ddi tir vai % dén trén 30%, d6 thim
c6 gia tri cao, chu yéu 16n hon 1mD.

Két qua x4c dinh d4 cacbonat Lucia cho thdy chat luong tang chira trong cacbonat chi yéu Ia tir trung
binh dén tét (loai 2 va loai 3), con chét lwong tang chira rat tot gap it hon trong khu vuc nghién ciu.
2.3. Pgc tinh thdm -réng ciia dd cacbonat tir tai lidu dia vt Iy giéng khoan

Dé xéc dinh dic tinh réng thdm va du bao phan loai da chtra doc than giéng khoan nhom tac gia di tién
hanh phan tich tong hop tai li¢u dia vat ly giéng khoan (PVLGK) két hop véi théng tin tir mau. Phan loai
d4 chira cacbonate dwoc dy bo cho tirng giéng dwoc trinh bay trén Hinh 9 va 10, thdng tin loai da cacbonat
theo mau (diém mau do6) 14 co s dé phan loai dé theo tai liéu PVLGK.
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Hinh 10. Phan logi dd chira cachonat theo tai ligu PVLGK, giéng 06-A-1X

Két qua phan tich tong hop BPVLGK cho thay d¢ rong cua da cacbonat trong khu vuc nghién ciru thay
doi tir 10% den 28%. Két qua xac dinh loai da cacbonat Lucia chi ra cacbonat trong khu vuc nghién ctu
chu yéu la loai 2 va loai 3. Tiém nang chura cta da cacbonat tir kha téi tot.

3. Két luan

Tir cac két qua nghién ciu c6 thé rat ra dugc mot sb két luan chinh sau day:

- Trong khu vuc nghién ciru, da cacbonat chii yéu bao gdm 3 loai: d4 cacbonat Packstone, d4 cacbonat
Wackestone va D616mit.
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- Trén co s& phan loai da cacbonat theo Lucia dya trén dic tinh rdng - tham trén tai liu mau 16i cling
nhur tai liéu PVLGK cho thiy chat lugng ting chira d4 cacbonat khu viuc Pong Nam bé Nam Con Son chit
yéu la tir kha dén tdt, chat lwong tang chira rat tot it gap trong khu vuc nghién ciru. D6 rong ciia da cacbonat
trong khu vuc nghién ciru thay doi tir 10% dén 28%. Két qua phan loai theo Lucia chi ra cachonat chu yéu
4 loai 2 va loai 3 vdi d6 thim thay d6i tir 2mD dén hang ngan mD.
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ABSTRACT

Characterization of carbonate sediment from geological data, well log,

core/cutting in South East Nam Con Son Basin
Nguyen Thi Minh Hong?!, Nguyen Duy Muoi*, Pham Thi Hong?
'Hanoi University of Mining and Geology
2\/ietnam Petroleum Institute

This paper is summary results of synthetic geological data, well log, core/cutting analysis to classify
rocktype of carbonate middle Miocene in South-East Nam Con Son basin.

Keywords: Nam Con Son; Lithology; Cacbonate; Reservoir.
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2 Truong Dai hoc Mo - Dja chat

TOM TAT

Xac dinh céc thong so ciia via chira va giéng trong qué trinh khai théc dau khi voi giéng khoan ngang béang
phuong phép thuy dong lyc dong vai tré quan trong, cung cép thong tin cho Viéc gidm sat, diéu khién hoat
dong cua giéng. Hién nay, viéc minh giai két qua nghién cuu thuy dong luc gleng dau duoc thyc hién trén
cac chuong trinh nhu : Saphir, Pansystem.. .déu sir dung phuong phap truyén thong 1a do thi - giai tich
khong cho phép xac dinh cac thdng s trong qué trinh do ap sudt, ddng thoi kéo dai thoi gian ding giéng
gay lang phi trong san xuét. Muc dich cua bai nghlen ctu la xay dung phuong phap minh giai méi cho phep
tu dong xéac dinh céc thdng sé cua via chira va giéng trong qua trinh nghién ctu thiy dong luc cua cac giéng
khoan ngang. Phuong phép nay duoc xay dung dua trén phuong phap nhén dang hé thong duoc nghién ctu
va phat trién tai Truong Dai hoc Bach khoa Tomsk, cac phuong phap phén tich hé thdng, téi uu hoa va dai
s6 tuyén tinh. Diém dic biét ciia phuong phap méi 1a cho phép sir dung céc thong tin tién nghiém, cac dir
ligu c6 sin nham nang cao do chinh xac trong viéc nhan biét dang dong chay va xéc dinh théng s6 cua via
va giéng. Trong nghién ctru ndy céc tac gia trinh bay mé hinh toan hoc, thuat toan va két qua ung dung cua
phuong phap nhan dang thich nghi trong minh giai két qua nghién cau thiry dong luc cua giéng ngang cho
céc mo dau tai tinh Tyumen, Nga.

Tir khoa: Giéng khoan ngang; thuy dong luc; mé dau khi; Tyumen.

1. Pit vén dé

Trong nhitng gan day nham nang cao hiéu xuat khai thac cac cong ty dau khi da tién hanh khoan va dua
vao van hanh sé lugng 16n cac giéng khoan ngang. CAc thiét bi do thong s cua via chira va giéng (ép suét,
nhiét do, ...) cling dugc lap dat trong qué trinh I4p dat giéng giup theo doi thudng xuyén trong qua trinh van
hanh, khai thac va giam chi phi lap dat, théo dd thiét bi. Viéc thuc hién cac nghién ciru, xac dinh théng sb
via c6 y nghia hét suc quan trong trong viéc giam sat, diéu khién hoat dong cua giéng khoan ngang. Mot
trong nhitng phuong phap nghién ciru phd bién va cho két qua tét la nghién cau thiry dong luc hoc cua
giéng. Phuong phap nay cho phép xac dinh cac thong s6 cua via nhu : ap sut, do tham, hé sb skin, ciing
nhu d6 dai hiru dung cua phan giéng nam ngang (Chaudhry A.U., 2003; Kuchuk F.J., 1995).

Phuong phap minh giai két qua nghién ciru thay dong luc hoc cua giéng ngang phé bién va chinh xac
nhét hién nay la db thi - giai tich. Phwong phéap nay dua trén viéc phan tich dudng hdi phuc 4p suat va
duong dao ham cua ap suét dé tim ra cac loai dong chay dic trung, tir d6 dua vao mo hinh cua ting dong
chay tim ra céc théng So cua via chira (Bourdet D., 2002). Phuong phap nay c6 mot s6 nhugc diém sau:

- Thoi gian dung giéng dé do 4p suat duoc xéac dinh bang phuong phap mo hinh hoa dya trén thong So
cho trude ¢ do chinh xac khong cao, dan téi thoi gian dung giéng thuong 16n hon nhiéu so voi thuc té
hozc khéng thé minh giai két qua do do thoi gian dirng giéng khong di 1au gy thiét hai vé khai thac va
lang phi trong san xuat;

- Do chinh xéac ciia két qua minh giai phy thude vao trinh do chuyén mén va kinh nghiém caa ky su thuc
hién.

Vi viéc sir dung cac thiét bi do lién tuc véi do chinh xac cao cho phep ap dung cac phuong phap tu
dong hoa qua trinh minh giai két qua nghién cuu thity dong luc hoc cua giéng ngang. Mot phuong phap da
duogc phét trién va chiing minh hiéu qua ciia minh la phuong phép nhén dang thich nghi hé thong, duoc xay
dung va phét trién tai khoa tai nguyén thién nhién, truong dai hoc bach khoa Tomsk, Lién Bang Nga
(Ceprees B.JI., 2011).

*Tac gid lién h¢
Email: nguyenminhhoa@humg.edu.vn
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Minh giai két qua nghién ctu thuy dong luc hoc giéng ngang ¢6 nhimg diém khéc biét so véi giéng
dung. Thay vi mét dang dong chay huéng tam, giéng ngang dac trung boi ba loai dong chay: huéng tam
som, phang va huéng tam muon. Tu day, co thé néu ra nhirng van dé can giai quyét khi thyuc hién minh giai
két qua thir via véi giéng ngang:

- Xéc dinh thoi diém bt dau va két thic cua cac dang dong chay trong qua trinh thyc hién thir via trén
biéu d &p suit;

- Sir dung md hinh toan hoc cua ting dang dong chay dé xac dinh céc thudc tinh cua via chira bang céc
phuong phap hdi quy tuyén tinh.

Nghién ctu nay dua ra phuong phép giai quyét van dé xac dinh céc théng sé via chira trong qua trinh
dirng giéng va do ap suét vang can day giéng.

2. Co 6 ly thuyét va phwong phap nghién ctu

Trong Bang 1 da trinh bay mo hinh toan hoc cua cac dang dong chay cho giéng khoan ngang dau khi.
Sau khi dirng giéng ba dang dong chay dic trung c6 thé xuat hién lan luot theo thir ty 1a: hudéng tam som,
phing va huéng thm muon. Su thay ddi cua &p suat ving can day giéng phu thudc rat 16n vao ciu trac dia
chat va tinh cht cua via chtra. Nghién ciru ndy xem xét via ddng nhat vo han chi chia 15 rdng.

Bang 1. M6 hinh toan hoc cac dang dong chay cua giéng khoan ngang (Chaudhry A.U., 2003; Kuchuk

F.J., 1995)
Dang dong Mo hinh Dang rut gon ciia md hinh
chay

Huéng tdm /k k,t
som (early AP(t) = 9,2054,B4 (In —7,12034+2S,) AP(t) =@, + w, Int
radial) Jok Ly o

z 53,68q,B 1 1090,01q, 4B
Phang AP(t) = 0 + 022 (S,+S,) _
(linear) N kk, — " AP() = f,+ Pt
Huéng tdm kK t .
muon (lately | AP(t) = 9, 2056, B (In¥-2--7,12034 +2S) AP(t) = o, +a, Int
radial) Jkkho o duc,

Trong Bang 1 &p dung cac ky hiéu nhu sau: AP(t) = P(t)—P(t,) (atm); P(t,), P(t) - &p sut viing can
day giéng duoc do tai thoi diém ding giéng to va tai thoi diém t (atm); qo - luong dau khai thac duoc do tai
thoi diém truéc khi dimg giéng (m¥d); B - hé s6 thé tich; x - do nhot dong luc (cP); [k k, - do tham
theo mét phang thang ding (mD); [k k, - do tham theo mét phang ndm ngang (mD); Ly - d6 dai hitu dung
ctia doan giéng nam ngang (m); h - d¢ day via chira (m); ¢ - d6 rong; r, - ban kinh éng khai thac (m); c; -
d6 nén (atm™); Sm - hé sé skin thé hién trang thai cua ving can day giéng; S, - hé sé skin gia dinh;
S =(S,+S,); S - hé s6 skin hinh hoc.

Bang cach sir dung céc phuong phap hdi quy tuyén tinh, nhu phwong phap binh phuong tol thiéu c6 thé
tim dwoc cac tham sé caa mé hinh trong Bang 1. Tir d6 c6 thé xac dinh duoc cac thong sé cua via chua.
Tuy nhién, trong thuc té viéc str dung céc phuong phap nay thuong dan téi két qua l1a cac gia tri tim duoc
khong 6n dinh, c6 d9 sai léch cao. bé khic phuc van dé nay c6 thé sir dung phuong phap nhén dang thich
nghi tham s6 ctia cac md hinh va cac théng s can tim cia via chira. Dé ap dung phuong phéap nay can xay
dung hé phuong trinh bao gdm ma hinh ctia dong chay va ham sé caa thong tin tién nghiém. Thong tin tién
nghiém c6 thé 1a cac théng so ciia via chira can tim. Dudi day 1a vi du md hinh cia dong chay huéng tam
muon sir dung thdng tin tién nghiém vé do tham cua via chira theo mat phang nam ngang (Sergeev V.L.,
Dong Van Hoang, 2016):

AP(t,) = (o, +a,, Int, )+ &, @
hk,n 'az,n = az,n +77n
k =
Trong dé, = 9,205(:]08/1 L a, = 9, 205qoB/J (In ><y,n2 _7112034+28n) e :w ) th@ng
' kx‘/.nh ' kxy,nh ¢1uct rw kxyh

tin tién nghiém v& tham sé a,; kx - thong tin tién nghiém v& do thim cia via chira theo mat phéng ndm
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ngang; &, - sai s6 do ap sudt vung can day giéng; 7, - sai s ciia thong tin tién nghiém, h, | - h¢ sb diéu
chinh thong tin tién nghiém. )
biém dac biét cua md hinh (1) la sy két hop cia mé hinh dong chay va mo hinh thdng tin tién nghiém
ctia tham s6 a, va cac tham sé a;, a, thay doi theo thoi gian (1a cac ham s phu thudc vao thoi gian). Qua
trinh nhan dang thich nghi cac tham sb ciia mé hinh (1) dwoc thé hién bang viéc giai lan luot cac bai toan
t6i wu dudi day (Ceprees B.JL, 2011)-
a (h h ,)=arg mln D (a h..h..) 2

z,n? rn’

ﬁ —arngnJ ((1 (hzn’ rn’hk,n)) (3)

trong do, ky hiéu argmin f (x) co nghia la gid tri X" ma tai d6 ham s f(x) dat gia tri cuc tiéu;

n? zn’ r,n?

D(a,,h, ,, rn,hkn) ®(J,(@,,h, )., (@, h, 0, ) - ham mét mét téng ciaa hé model (1);

Jola,.h, ) = ZW((t ~t)/h,,)-w,(£(a,)) - ham mét mat riéng cua md hinh &p suét;

i=1
J (e, b h ) =h v, (m,(a,)) - ham mat mét riéng cia mo hinh théng tin tién nghiém;

B, =B(h,,.h . h.) -vectocachésdh, , h ., h . ; wy, v, - cac ham sd; h, - tac tir Idng quén;
hy - hé s6 chinh héa Tikhonov; @, B, - vecto cac gi tri toi uu.
3. Két qua va thao luan

Cac mo hinh va thuét toan trén da duoc ung dung vao minh giai két qua thir via giéng khoan ngang cua
mo dau khi “X” thuge dia phan huyén Oktiabrskovo, tinh Tyumen, Lién bang Nga. Trong Bang 2 la thong
S0 cua giéng s6 01 duogc st dung dé minh giai dir liéu nghién cau thay dong luc hoc.

Bang 2. Cac thdng sé cua giéng 01

Thong sé Gia tri
Luong dau khai thac trude khi ding giéng, m3/d 330
Hé sb thé tich 1,191
Do nhét dong luc, cP 3,92
Do day via chaa, m 4
Do rong 0,13
Bén kinh ng khai thac, m 0,108
Do nén, atm™ 1,84.10%

Theo két qua mé hinh héa dé do 4p suat giéng da dugc dong trong vong 144,3 gio. Viéc xac dinh dang
dong chay dugc thyc hién bang phwong phap db thi-giai tich. Phan tich d thi ciia 4p suét va dao ham cua
ap suat theo logarit (In(t)) (Hinh 1) cho thay su xuat hién day du cua 3 dang dong chay. Sau khoang 0,25
gio dimng giéng dao ham cua &p suit binh 6n, it thay ddi va kéo dai trong khoang 0,7 gio. Day la déu hiéu
cta dong chay huéng tdm sém. Dong chay phang bat dau sau hon 1 gio dung giéng va keo dai trong khoang
19 gio. Trong giai doan nay dao ham cua ap Sut ting theo dang duong thang véi hé s6 goc 1a 0,5. Dong
chdy huéng tam muon bt dau sau khoang 20 gi¢ dung giéng khi dao ham cua ap suit dan én dinh, it thay
ddi. Do qua trinh déng giéng dugc thyc hién bang khéa van trén miéng giéng, nén trong 0,2 gio diu sau
khi dong giéng xuét hién hiéu tng thanh dng.

Trén Hinh 2, 3 1a dd thi gié tri cua &p suét via va d6 thdm theo mit phing nim ngang. D6 thim va &p
suét via dugc xac dinh st dung mé hinh dong chay huéng tim mugn (1). Thoi diém bat dau p dung thuat
toan 1a diém bat dau caa dong chay phang. Gia tri ciia cac thong s6 via thu dugc nho 4p dung phuong phap
binh phuong t6i thiéu (duong 1), phuong phap nhén dang tham s6 két hop chinh hoa Tikhonov (duong 2)
va phuong phap nhan dang thich nghi két hop thong tin tién nghlem (duong 3). Do st dung mo hinh cta
dong chay huorng tAm mudn nén trudc thoi diém 20 gio cAc gia tri cua ap suat via va do thim tang hoac
giam dan va chi 6n dinh khi xuat hién dong chay huéng tim muon. Dua vao dic diém nay c6 thé xac dinh
duoc thoi gian bét dau cua dong chay huéng thm muon. Gia tri thu dwoc bing phuong phap nhan dang
thich nghi (duong 3) ¢6 tinh én dinh cao hon phuong phap binh phuong téi thiéu va chinh xac hon so véi
phwong phap nhan dang tham sé két hop chinh héa Tikhonov. Phén tich Bang 3 cho thdy phuong phép nay
cling cho gia tri cia do thAm va ap suét via sat voi két qua thu duoc tir phuong phéap do thi-giai tich (st
dung phan mém Saphir).
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Hinh 3. A¢ thdm cua via chiza theo mdat phang nam ngang

Bdng 3. Két qud minh gidi diz liéu nghién ciru thiiy dong luc hoc giéng s 01

Phuong phap minh giai Ap suat via, Do tham cua via chira | Thoi gian dimng
atm theo mat phang nam giéng, gio
ngang, mD
Phan mém Saphir 145,3 3480 144,3
Nhén dang thich nghi 144.8 3563 25
Nhan dang két hop chinh hda Tikhonov 1443 3740 32
Binh phuong ti thiéu 144,7 3599 32
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St dung mo hinh cua dong chay phing va huéng tam sém cho phép phan tich toan bo duong phuc hoi
&p suét va xac dinh cac tinh chat con lai cua via chira va giéng.

4. Két luan

Phuong phap minh giai két qua nghién ctu thity dong fuc hoc giéng khoan ngang dau khi (4p dung thuat
todn nhan dang thich nghi) cho phép xdc dinh gia tri thong s6 cua via chira trong qua trinh dimng gleng va
néng cao do chinh xéc cua cac thong s6 can tim. Ap dung phuong phép nay gitp giam thoi gian dung gleng
tiét kiem chi | phi thir via va giam mat mat luong dau khai thac. Tuy nhién, dé ap dung phuong phap nay can
giai quyét van dé xac dinh thoi diém bét dau va két thuc cua cac dang dong chay.
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ABSTRACT

Interpretation Method of Pressure Transient Test Results
in Horizontal Wells

Dong Van Hoang?, Nguyen Minh Hoa?
! Tomsk Polytechnic University
2 Hanoi University of Mining and Geology

Determining the parameters of reservoirs and wells in the process of developing oil fields with horizontal
wells by transient tests plays an important role in monitoring and controlling wells. At present, the
interpretation of the results of transient test of wells is carried out in the following programs: Saphir,
Pansystem. These programs use the traditional grapho-analytical method, which does not allow determining
the parameters in the process of measuring pressure and causes losses in oil production. The purpose of this
work is to develop a new interpretation method that allows determining the parameters of reservoirs and
wells in the process of transient tests of horizontal wells. The method is based on the adaptive identification
method, which is developed at the Tomsk Polytechnic University. A feature of the proposed method is
taking into account additional a priori information about the parameters of reservoirs and wells, which
makes it possible to increase the accuracy of identification of flow regimes and the accuracy of determining
the parameters of reservoir systems. Models, algorithms of the proposed method and the results of their
testing in the interpretation of the transient test result of horizontal well in an oil field in the Tyumen state
of Russia are presented.

Keywords: Horizontal well; pressure transient test; oil field; Tyumen.
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Giai phap hoan thién thiét ké choong PDC truyén théng

Nguyén Tién Hing"*, Nguyén Thé Vinh, Truong Van Tu
Truong Dai hoc M¢ - Dja chat

TOM TAT

Trong cong nghi¢p khoan dau khi, choong khoan PDC dugc sir dung phd bién va rong rai do tao dugc van
tdc co hoc cao, giam thiéu rai do phuc tap su ¢, rit ngan thoi gian thi cong va gia thanh gleng khoan.
Trong qua trinh pha huy dat da, choong PDC thuong xuyén gap phai cac van dé lién quan dén céc rang gan
trung tam do van toc géc ca céc ring nay rat thap va ching ludn phai chiu tai trong chiéu truc I6n hon so
V6i cac rang khac. Cong ty Schlumberger da d& xuét st dung cac rang Stinger hinh tru ding lam cdc rang
trung tAm thay cho cac rang PDC truyén théng. Giai phap nay giai quyét duoc cac van dé lién quan dén cac
ring trung tdm, c6 kha ning gitp choong lam viéc 6n dinh hon, nang cao van tbc khoan co hoc 1én dén
46% (I'atrapoBa M.P., 2019).
Céc tac gia da tién hanh phan tich, bién giai phuong an thay thé rang Stinger thay cho ring PDC truyén
thdng. Pong thoi, tién hanh phan tich nhimg wu diém vuot troi ma chodng PDC ¢ trang bi ring Stinger
mang lai so v6i chodng PDC truyén théng. Tir d6 dua ra nhitng két luan va kién nghi nham hoan thién thiét
ké chodng PDC truyén thng.

Twr khéa: Choong PDC; Stinger; khoan.

1. Pit van dé

Ngay nay, trong cdng nghiép khoan dau khi choong PDC dugc sir dung rong rdi va pho bién trén thé
gidi n6i chung va tai Viét Nam néi riéng. Cac chodng trong nhdm nay c6 ciu tao riéng biét nham dat hiéu
qua pha huy t6t nhat d6i véi timg loai dat d4 co tinh chit co 1y khac nhau. Tuy nhién, hdu hét cac thiét ké
chodng PDC hién nay déu gap nhirng van dé trong qué trinh thi cong, c6 thé ké dén nhu: cic ring tai tm
chodng nhanh mon, van téc co hoc chwra dat miic ky vong, tai trong chiéu truc chua dwoc phan bd déu I1én
c4c rang,... Chinh vi vay, viéc nghién ctru va hoan thién thiét ké choong PDC truyén théng ludn 1a van dé
thoi su va cap thiét trong nganh cong nghiép khoan Dau khi.

2. Co sé ly thuyét va phwong phap nghién ciru

Viéc sir dung choong PDC truyén thong thuong xuyén gap van dé lién quan dén cac rang tai trung tam.
Vén & nay duoc ly giai do cac ring nay c6 van toc goc nho (Nguyén Thé Vinh va Nguyén Tién Hing
2018) va chiu tai trong chiéu truc 16n so véi cac ring khac, dic biét 1a cac rang ngoai bién (Hinh 1). Cac
ring nay chiu tai trong 16n, nhung hiéu qua pha huy khéng cao, dan dén lam giam d6 ngéap ring choong
cua cac rang khac, do dat dé tai khu vuc trung tim chwa duoc loai bo kip thoi trong qua trinh phé huy. Pay
Ia mot trong cac nguyén nhan chinh 1am giam van téc co hoc khoan cua choong PDC.

09 ® G4 rang chiu tai trong I ..f 09
08 08
4l trong 16n réing

w khoang cach tir rang dén tam choeng, inch

0 05 1 15 2 25 3 35 4 45 5

Hinh 1. Anh hirong cia khoang cach tir ring dén tam choong Ién luc chiéu truc va vdn toc
chuyén déng cua no trong qua trinh pha huy

*Tac gid lién h¢
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Trong qué trinh pha huy dét da, cac thong sé ché do khoan (P, n, Q) va tinh chat co ly cua dat da thay
ddi dan dén m6 men va cong suat pha huy dit da cua choong c6 sy bién thién lién tuc [Comosses H.B.,
Hryen Tuen Xyar, 2015] khién choodng bi rung lic 1am giam van téc co hoc va tudi tho ciia choong. Vi
muc tiéu hoan thién thiét ké cia chodng PDC, cong ty Schlumberger da nghién ctru va dé xuét giai phap sir
dung ring hinh try ding Stinger thay thé cho céc rang PDC tai trung tim (Hinh 2) (Tarraposa M.P., 2019).

Hinh 2. Cau tao va so do ldp dat rang Stinger
Ring Stinger ¢6 d day I6p kim cuong da tinh thé I6n gap 2 1an so véi rang PDC truyén thong, ¢6 kha
nang chiu va dap va chiu mai mon rat cao. Chinh diéu nay gilip n6 c6 tudi tho cao hon han so véi rang PDC
truyén thong (Hinh 3).

than .
tu'o’ngg Il Sstinger [@roc M oE

100 daéi

0,75

0,50

0,25

dd bén mon dd bén va dap dd day 16'p kim cuong

Hinh 3. So sdnh d¢ bén mai mon va dg bén va dap cia rang Stinger, PDC va DEI
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Biéu dd so sanh do bén cua cua ring Stinger voi ring PDC va DEI (Hinh 3) cho thiy, ring Stinger c6
d6 bén mon 16n hon 20% so ring PDC truyén thong, va 38% so véi rang DEI; d6i voi do bén va dap, ring
stinger 16n hon 50% so v&i rang PDC truyén thong va 38% so véi rang DEIL.

Pé tién hanh thay thé ring PDC truyén théng bang rang Stinger, nguoi ta tién hanh loai bo mot sé rang
va rt ngan chiéu dai cac canh choong tai vi tri trung tam. Tuy theo kich thuéc ciia chodng va ring Stinger
ma tinh toan loai bo 6 rang va rut ngan chiéu dai canh chodng sao cho sb rang bi loai bo I it nhat ma van
dam bao lap dat vira vin ring Stinger (Hinh 2). Rang nay chiu tdi trong I6n, c6 dién tich tiép xtc véi dat da
nho, kha ning tap trung ¥ng suit cao nén tao ra hiéu qua phé huy tét (Hoang Dung, 2003; HeckpoMHBIX
B.B., 2015).

Co ché pha huy dit da cua rang Stinger duoc giai thich nhu sau: sau khi loai bo cac rang PDC tai trung
tam cua choong, dat d4 bi pha huy tai day giéng s& dé lai mot phan, phan nay giéng nhu miu 16i trong
khoan tham do va ring Stinger s& ¢ nhiém vu pha huy triét dé ching (Hinh 4).

Hinh 4. M6 hinh day giéng trong qua trinh pha huy ddt da cia chodng PDC trang bj rang Stinger

Vi muc dich so sanh va danh gia hiéu qua pha huy dat d4, nguoi ta da tién hanh thi nghiém khoan voéi
choong PDC truyén thong va choong PDC c6 trang bi rang Stinger. Két qua cho thay, khi khoan bang
choong PDC co trang bi rang Stinger bé mat day giéng c6 nhiéu vét cit I16n hon, cic ranh cit rd rang hon
s0 véi chodng PDC truyén théng (Hinh 5). Biéu nay ching to chodong PDC ¢ trang bi ring Stinger tao ra
d6 ngap rang choong I6n hon, hiéu qua pha huy dat d4 tét hon. Ly giai cho két qua ndy da dwoc tac gia
phén tich va trinh bay ¢ trén.

choong PDC truyén thdng choong PDC ¢ trang b rang Stinger

Hinh 5. Hinh anh day giéng khi sir dung choong PDC truyén thong va choong PDC c6 trang b; ring
Stinger
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Khi sir dung choong PDC ¢ trang bi rang Stinger kich thuéc mun khoan thu duoc s€ 16n hon. Diéu nay
gitp cho viéc xac dinh loai dat da va tinh chat co ly cua ching chinh xac va dé dang hon trong cong tac
phan tich mau vun.

3. Két qua va thao luan

Dé so sanh mirc d 6n dinh thanh giéng khi str dung hai loai choong PDC truyén thong va PDC c6 trang bi
rang Stinger, ngudi ta tién hanh khoan giéng vai 2 loai choong nay trong diéu kién nhu sau: dit da co do ciing
trung binh, cha yéu 1a cat két (@6 bén nén 9000 Ibs/inch?); tbe do quay choong n = 85 v/ph; tai trong Ién chodng
dugc diéu chinh thay doi trong khoang 6000 dén 12000 Ibs. Két qua thi nghiém duoc thé hién trén Hinh 6.

0 0
05 05
chigu
séu,
ft
1,0 1.0
chiéu
sau,
ft
15 15
20 20
25 25
— PDC duoc trang bj Stinger
30 30

0,02 0,04 0,06 0,08 0,10 0 4000 8000 12000

mirc dao dong duong kinh tai trong 1én chdong, lbs
giéng khoan, inch

Hinh 6. Mitc dg thay doi dwong kinh giéng khoan khi si dung chodng PDC truyén thong va PDC ¢6
trang bj rang Stinger twong 1ng voi cac gia tri tai trong 1én choong khac nhau

Két qua nghién ciru trén biéu d6 (Hinh 6) cho thiy, mirc 46 dao dong dwong kinh cua giéng khoan khi
sir dung choong PDC c6 trang bi rang Stinger 1a thap hon nhiéu so véi choong PDC truyén théng, ngay ca
khi thay doi tai trong 1én choong. Diéu nay cho thay, viéc tmg dung ring Stinger vao choong PDC da lam
n6 hoat dinh 6n dinh hon, it rung ldc hon va gop phan ting tudi tho caa choong.

Ngudi ta da tién hanh khoan thyc nghiém bang choong PDC SHARC c¢6 trang bi riang Stinger tai mo
Bakken phia bic bang Dakota, My va xay dung biéu d so sanh két qua khoan giita cac chodng khéc nhau
(Hinh 7).

chdong PDC SHARC ¢6 choong PDC SHARC cé

choong PDC choong PDC choong PDC trang bj rang Stinger,  trang bj ring Stinger,
Smith khéc khéac viin téc co’ hoe trung vén tée co hoc cao
0 MDSIi616 binh nhit da duoc 250
1000 E 225
2000 | 200
chitu 9000
séu, — 175
ft "
van
4000 | | 150 e
co
5000 115 hoc
125 khoan,
97 fth
6000 || i 100
6301 6318 6301
7000 6583 6669 %
8000 50
9000 25
10000 0
chbong PDC Smith truyén g choong PDC SHARC c6 trang bi céc loai choong vintbcco |
théng rang Stinger khéc hoc khoan, ft/
h

Hinh 7. Biéu d6 so sanh vdn téc co hoc khoan trung binh khi s dung cac logi choong PDC khéc nhau tgi
mo Bakken phia bac bang Dakota
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Két qua cho thay, tai cong doan thang ding 8%4 inch mot choong khoan c6 thé khoan duoc tir 6209 dén
6477 ft. Van tc co hoc trung binh va cuc dai dat lan luot 1a 168 ft/h va 203 ft/h. Theo so sanh véi két qua
t5t nhat ma céc loai choong PDC truyén thdng khac dat dwoc, van tdc co hoc trung binh cua chodng PDC
SHARC c6 trang bi rang Stinger cho van toc co hoc cao hon 46%.

4. Két luan va kién nghi
Tir nhitng nghién ciru bén trén, tac gia dua ra mot s6 nhirng két luan va kién nghi nhu sau:

- Giai phap sir dung rang Stinger tai trung tim chodng PDC thay cho céc rang PDC truyén théng gidp
choong hoat dong 6n dinh hon, gop phan ting dang ké tudi tho ciia choong;

- Choong PDC c6 trang bi cac rang Stinger hinh tru dng tai trung tm cho van téc co hoc cao hon so
véi cac chodng PDC truyén thong;

- Chét luong thanh giéng khi str dung chodng PDC c6 trang bi ring Stinger duoc cai thién dang ké gip
thanh giéng on dinh hon trong su6t qué trinh khoan va dam bao d¢ dong nhat ciia vanh da xi mang.

- Pé tién t6i hoan thién thiét ké ciia choong PDC bang phuong an thay thé cac ring tai trung tam choong
bang rang Stinger, can tiép tuc nghién ctru x4c dinh hinh déng ring Stinger hop ly dua trén co s& cac ly
thuyét va phuong phép 4n dot sin co6 (Hoang Dung, 2003; Heckpomnueix B.B., 2015).
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ABSTRACT
Optimization solution for designing conventional PDC drilling bit

Nguyen Tien Hung!, Nguyen The Vinh?, Truong Van Tu!
Hanoi University of Mining and Geology

In oil and gas industry, PDC bit is widely used due to many of its benefits such as: high Rate of Penetration
(ROP), lower risk arises from complexity of operation, reduce operation time and cost for drilling the well.
During drilling operation, the PDC bit is frequently facing problems related to cutters nearby the center of
the bit, due to the very low angular velocity coupling with high load on vertical axis on those cutters.
Schlumberger proposed the application of Stinger cutter with cylinder shape for inserts nearby center
instead of conventional PDC counterpart. This solution can solve the issue regarding to the cutters nearby
center of bit, thus makes the bit working more stable and increases ROP by 46%.

This article presents the analysis and justifies options in replacing conventional cutter by Stinger cutter.
The advantages of using PDC bit with Stinger cutter in contrast to conventional PDC bit were also
discussed. The conclusion and recommendation then will be proposed in order to optimize the design of
conventional PDC bit.

Key word: PDC bit; Stinger; Drilling.
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Xay dung cong thic xac dinh cong suat pha huy dat da
doi véi choong PDC

Nguyén Tién Hung!*, Truong Vin Tir!
Truong Dai hoc Mo - Pja chat

TOM TAT

Hién nay, choong PDC dugc sir dung rong rédi va phé bién trong nganh céng nghiép khoan Dau khi do
nhitng uu diém vuot tréi ma ching mang lai. Vé ban chat, choong PDC Ia loai choong ludi cat duoc trang
bi cac rang PDC c6 bé mit dugc ché tao tir kim cuong da tinh thé, choong dugc sir dung khoan trong dat
d4a mém va déo, dwa theo nguyén ly cit v& va cho van téc co hoc khoan rét cao (1én dén 60-70 m/h). Hién
nay chua c6 cong thuc cu thé dé xac dinh cong suat phéa huy dat da trong qua trinh khoan ddi véi choong
PDC. Nhém tac gia da str dung cac phuwong phap phén tich 1y thuyét, phan tich cac luc tac dung 1én ring
chodng trong qué trinh chdng pha huy dat da dé xay dung cong thirc cong suét pha huy dat da cho choong
PDC. Viéc xay dung thanh cong cong thirc xac dinh cong suat phéa huy dét da caa choong PDC gilip ching
ta c6 thé xac dinh théng s ché do khoan hop ly khi thi cong khoan va c6 thé cai tién thiét ké choong PDC
nham tién t6i hoan thién ching.

Tir khoa: Choong PDC; cong suat pha huy dét da; khoan; géc lap dit rang choong.

1. D3t van dé

Hién nay, choong PDC dugc sir dung rong réi va phd bién trong nganh céng nghiép khoan Dau khi do
nhitng uu diém vuot tréi ma ching mang lai. Vé ban chat, choong PDC 1a loai chodng ludi cit duoc trang
bi cac rang PDC c6 bé mit dugc ché tao tir kim cuong da tinh thé, choong dugc sir dung khoan trong dat
d4 mém va déo, dya theo nguyén ly cét v& va cho van toc co hoc khoan cao (1én dén 60-70 m/h). Tuy nhién,
khi khoan trong dat d4 khong dong nhét, dac biét 1a dat da c6 do cing va dd mai mon cao, cac ring bi mon
nhanh dan dén tudi tho va nang suat ciia choong PDC bj giam manh. Hién nay, chua c6 cong thirc cu thé
dé xac dinh cong suat pha huy dat da trong qué trinh khoan ddi véi chodng PDC. Vi vay, viéc xay dung
thanh cong cong thirc xac dinh cong suat pha huy dit da caa choong PDC mang y nghia thoi su va cap thiét,
gilp ching ta c6 thé xac dinh thdng sé ché do khoan hop 1y khi thi cong khoan trong cac diéu kién khéac
nhau va c6 thé cai tién thiét ké choong PDC nham tién t6i hoan thién ching.

2. Co sé ly thuyét va phwong phap nghién ciru

Dua theo két qua nghién ciru khac cia nhdm tac gia vé mirc d¢ anh huong cua goc lap dit rang choong
PDC « t6i nguyén ly va hiéu qua pha huy dat da (Nguyen The Vinh, Nguyen Tien Hung, 2017). Trong d6
chi ra rang, d6i véi kiéu goc lap dat “am” thi goc lap dat rang chodng ti uu 1a 45°-55°, khi d6 choong phé
huy dat da theo nguyén 1y cét v, van téc co hoc khoan dat cao trong khi mic d6 mon cia rang choong 1a
thap nhat. Tuy nhién, viéc danh gia hiéu qua pha huy dét d4 ciia chodng can dwa vao chi tiéu cong suat pha
huy dat da ctia choong.

Nham xay dung cong thirc xac dinh cong suét pha huy dat da cia choong PDC, nhoém tac gia da xay
dung va nghién ctu hé lyc tac dong 1én rang chodng trong qué trinh ching pha huy dat da (Hinh 1).

Chiéu hé lyc tac dong 1én rang chodng Ién truc Ox ta c6 thé xac dinh luc tac dong 1én ring choong theo
phuong ngang nhu sau:

B,y = F, — F; + Nysina 1)
trong do: Py, - luc tac dong lén rang choong theo phuwong ngang, N;
F, - luc ma sét tic dong 1én dau nhon ring choong, F, = N,f;
F, - lyc ma sat tic dong lén mat phang dau rang choong, F; = N, f;
N; - phan lyc tac dong 1én mat phang dau rang choong, N;
N, - phan lyc tac dong 1én diu nhon rang choong, N;

*Tac gid lién h¢
Email: nguyentienhung.dk@humg.edu.vn
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f - hé s6 ma st giira rang choong va dét da;
a - goc lap dat rang choong, °.

rang chéong

m\ n
I
B p AN
" M N4,
i N a./b
0 | V=

p N.

Hinh 1. Hé lyec tdc déng 1én rang chodong PDC trong qua trinh pha huy ddt da

Suy ra

P,, = Nof — N, f + N;sina 2
Chiéu hé lyc tac dong 1én rang choong Ién truc Oz, c6 thé xac dinh phan lyc N, duéi dang sau:

N, = B, — Nycosa — N;sina 3)

trong do: P, - luc doc truc tdc dong lén rang choong, N.
Cong phuong trinh (2) va (3) ta nhan duoc két qua nhu sau:
P,y = B,f 4+ N, (sina — 2fcosa — f?sina) 4

Trong d6 phan luc N; duoc xem 13 kha ning chdng lai sy phé huy cia dit da va co thé xac dinh dwoc
theo cbng thirc (Heckopomusix B.B., Bopucos K.1., 2013):

o, ) Ny = o Aci (1 + tgp) ®)
trong d6: g, - gidi han bén cat cua dat da, MPa;
A,y - dién tich cat dat da, m?2.

Gia st rang, rang choong PDC lap dat kiéu “gbc am” s& cit dat d4 theo hinh khéi omn va theo phuong
cua lyc P,, (Hinh 1). Khéi nay dich chuyén theo mét phang om va hai mét phang con lai ciia khdi omn, noi
ma chiu tic dong cua tng suat cat (truot) o .

Vi vy, dién tich cit dat da duoc xac dinh 1a tong dién tich caa mat cit trén phang om (mét nira dién tich
cua hinh elip c6 chiéu dai tryc 12 p) va hai mat phang con lai caa khi omn.
n\/@dg/zsina+26%sin (a-ay)

2sinaqsina

Age =

(6)
.. finkt o o fa=@+0p—wo) o na 4t o . it it Sy v
trong d6: @, - goc cat, °, a; = ——— ¥ -gocnol ma sat, °; 8y - goc ma sat giira ring choong va

mot phan dat da bi nghién nét, 0f = 8 —13° (Mopu B., ®ypmentpo [1., 1994); w, - goc trudc (Hinh 1), °;
d,, - duong kinh cua rang choong (Hinh 1), m; §,, - d6 ngép rang choong (Hinh 1), m.
Tu phuong trinh (5) va (6) ta thu dugc nhu sau:

2. )
sina+2683sin (a—a,)

_ [Ty

Nl = Ock (1 + tg(p) 2sinaqsina

Do ngap riang choong &, dugc xac dinh nhu sau (Nguyen The Vinh, Nguyen Tien Hung, 2017):
_ Pp 2/3

61’ - (zjan(ctga+tga)(1+tg¢)Jd_p) (®)
trong d6: J = (1 + fsin2a); o, - gidi han bén nén cua dit da, Mpa.
Ta dit K = (sina — 2fcosa — f?sina), tir cong thuc (4) va (7), ta thu duge nhu sau:

_ an_p53/zsina+26%,sin (a-ay)

) Pop - pf + O-ck(l + tg(p) £ 2sina; sina K (9)
Nhu vay luc dé quay chodng khoan sé& dugc xac dinh theo cdng thuc sau:
P, = miF,,

(7

3
n,/dp6§sina+26f,sin (a—ay)

2sinaysina

P, = mi[pr + o (1 + tge) K] (10)

trong d6: m - s6 lugng cénh choong; i - sb lwong rang choong.
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Chia lyc nay cho ban kinh cua choodng ta thu dugc lyc quay riéng tac d¢ong doc theo cdnh choong nhu
sau:

2P,
Bore = Y (11)
M0 men quay dM,, tic dong l1én mét ring choong dugc xac dinh nhu sau:
dep = POTCRidRi (12)

trong do: R; - khoang cach tir rang choong dén tam choong, m.
Nhu vay, tong mé men quay choong sé la:

D/2 D?
Mkp = mParc fO / Ri dRi = mPorc? (13)
Cong suat phéa huy dat da ciia chodng s& dugc xac dinh nhu sau:
N = M = Myp o : (14)

hay

3
w/d 6§sina+2512,sin (a—ay)

2sinagsina

mnDim?

N = [Bof +0ae(1+ tgg) - K] (15)

3. Két qua va thao luan

Dua vao cdng thirc (15) nhom téc gia tién hanh xay dung biéu db theo ddi su bién thién cua cong suit
pha huy dét da caa choong N, khi tién hanh thay ddi théng sé goc lap dit rang chodng a va tc d6 quay
chodng n (Hinh 2). Trong do gia tri cac thdng s duoc lra chon lan lugt nhu sau: tai trong chiéu truc P, =
105000 N; D=0,311m; d, = 0,025 m; g,, = 4 MPa; o, =1 MPa;m=5;f=0,1.

Nc, W
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Hinh 2. Biéu do thé hién su thay doi cua cong suat pha huy dat da khi tién hanh thay déi goc ldp dat ring
choodng

Qua biéu dd bién thién cong suit pha huy dit da khi thay d6i g6c lap dat rang va tbe d6 quay choong ta
c6 thé rat ra mot vai két luan nhu sau:

- Khi @ = 60° cong suat pha huy d4t da ctua choong dat gia tri cao nhat;

- Khi @ = 45 — 55° cong suit pha huy dét da nho hon 11% so véi gid tri cuc dai (khi @ = 60°), trong
khi d6 gia tri van toc co hoc khoan dat cuc dai (Nguyen The Vinh, Nguyen Tien Hung, 2017);

- V6i cbng thic nay ching ta c6 thé thay ddi cac thdng sé dau vao nhu tai trong lén choong P, téc do
quay choong n, géc lap dat ring chodng a, dudng kinh choong D, dudng kinh ring choong d,, do bén dt
da a,,, o4, hé s6 ma sét f nham tim ra c4c gia tri théng s, ché do hop ly khi thi cong khoan.

4. Két luan va kién nghi

Tir nhitng nghién ciru bén trén, tac gia dua ra mot s6 nhiing két luan va kién nghi nhu sau:

- Viéc xay dung thanh cong cong thire xac dinh cong sut pha huy dat da ciia choong PDC duya trén co
s& va mo hinh Iy thuyét cho phép xéac dinh théng sé ché do khoan téi uu cho timg diéu kién cu thé;

- Cong thirc cong suat pha huy dét d4 ciia choong PDC cho phép cai thién thiét ké caa choong thdng qua
thdng s6 goc lap dat rang choong;
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- Trong thoi gian t6i, can tiép tuc nghién ciru va kiém toén lai céng thirc bang céc sb lidu dau vao va dau
ra thuc té nham xac dinh hé s6 thuc nghiém cua cong thuc.
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ABSTRACT
Etablishing cutting rock formula for PDC bit

Nguyen Tien Hung?, Truong Van Tu?
'Hanoi University of Mining and Geology

Nowadays, PDC bits are widely used in Oil and gas drilling industry for their outstanding advantage. PDC
bit is essentially drag bit with cutting surface made from Polycrystalline Diamond. This type of bit has been
using for soft formation by cutting - craping away rock and yields very high ROP (up to 40-45m/h). There
is no detail formula to calculate the rate of rock cutting or penetrating while drilling with PDC bit. In order
to establish formula to compute the rate of cutting rock by PDC bit, theory analysis is employed to analyze
forces imposed on bit cutter while drilling. By successfully established the formula for rate of penetration
by PDC bit, the optimum drilling operation parameters can be selected. Moreover, this formula allows
optimization of PDC bit design to be performed.

Keywords: PDC bit; etablishing cutting rock; drilling.
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Ap dung phuong phap di¢n tro suat va mo hinh dia chat thuy vin
dé danh gia sy 6 nhiém cua nude dudi dat

Tran Van Hiru*, Kiéu Duy Thong?, Vii Thi Lan! Nguyén Truong Giang*
! Truomg Pai hoc Mo - Dja chat

TOM TAT

Nudc ngam néi riéng va nuéc néi chung 1a nhu ciu thiét yéu trong doi séng va san xuat cta con ngudi.
Trong nhitng nam gan déy, do cac hoat dong cua san xuit va sinh hoat, cac ngudn nudéc bi 6 nhiém ning
né, dac biét 1a & cac thanh phé 16n hoic gan céc khu cong nghiép. Diéu nay dan dén hé luy vé thiéu ngudn
nudc va anh huong xau dén méi truong sinh théi. Do vay, nghién ciru cac phuong phép theo dai sy 6 nhiém
clia nuGc ngam phuc vu qué trinh ra quyét dinh va quan Iy tai nguyén nudc 1 rat can thiét. C6 hai nhém
phuong phép chinh dé diéu tra 6 nhiém nuGe ngam: (1) cac phuong phap lay mau va phan tich trong phong
thi nghiém, (2) cac phuong phap gian tiép nhu cac phuong phap dia vat Iy Céc phuong phap truc tiép nay
¢6 do6 chinh xac cao, tuy nhién, cac phuwong phéap nay c6 chi phi vé kinh té va nhan lyuc I6n, théng tin mang
lai chi mang tinh dia phuong. Nguoc lai, cic phuong phap dia vat Iy c6 d6 chinh xac kém hon phén tich
mau, nhung ching lai ¢6 chi phi thap, khao sat dwoc trén viing rong va cho thdng tin ¢ cac chiéu sau khac
nhau. Trong nghién ciu ndy, Ching tdi két hop uu diém cua ca hai nhom phuong phép trén dé xay dung
mé hinh du béo su 6 nhiém cta nudce dudi dat tai khu vyc béi rac Kiéu Ky, biang viéc giai phwong trinh ddi
Iuu - khuéch tan theo thoi gian dé dy doan dugc sy phan b caa chat 6 nhiém theo khong gian va thoi gian.
Dodng thoi, 4p dung phuong phap dién tro suat dé theo ddi su dich chuyén caa chét 6 nhiém dya trén md
hinh dién tré suat va so sanh véi két qua tir mé hinh hoa dia chat thiy van.

Tir khoa: Dién tré suat; mé hinh hoa; dia chat thay vin; 6 nhidm nuée ngam.

1. Pitvén dé

Nhimg nim gin day, sy gia tang vé tc do do thi hda va sy phat trién vé kinh té, x4 hoi da dan dén sy
gia ting nhanh cta luong chat thai tir c&c hoat dong san xuét va sinh hoat. Lugng chét thai ran tir sinh hoat
va cong nghiép ting trung binh 8.4% hang nim ddi véi khu vuc db thi, va ting 1én 54 triéu tan vao nam
2030 (Ngan hang thé gidi, 2018). Do d6, nguy co vé viéc phat tan chat thai doc hai tir cac bai rac thai vao
moi trudng nudce, dat 12 rat cao. Cac chat 6 nhiém sinh ra tir cac bai réc sinh hoat va cong nghiép thuong la
cac kim loai nang (Ha Manh Théng va nnk, 2011, Hoang Ngoc Ha, 2018). Mic du cac béi rac thai duoc
chdn Iap hop vé sinh nhung van ¢é su ro ri cia Chat 6 nhiém tir bai rac vao moi truong nude va moi | trudng
dét, diéu nay 1am cho tinh trang 6 nhidm nudc ngam tro nén tram trong va anh hudng téi cudc séng cua
ngudi dan.Viéc danh gia mirc d6 6 nhiém kim loai nang tir ngudn rac thai dwoc danh gia mot cach chi tiét
thong qua viéc lay mau & cac chiéu sau khac nhau da khing dinh sw phat thai chét 6 nhiém tir céc bai chon
l4p réc thai ra moi treong xung quanh (Ha Manh Thing va nnk, 2011; Hoang Ngoc Ha, 2018). Tuy nhién,
cac nghién ciru chua tién hanh viéc danh gia su phat tan va lan truyen ctia ngudn 6 nhidm tir khu vye chdn
ldp vao moi truong dat va moi truong nudc theo chiéu sau, theo dién va theo thoi gian. Muc dich cta nghién
ctru nay 1 danh gia sy lan truyén nguon 6 nhidm tir bai chdn lap vao méi truong dat va nudce theo thoi gian,
dong thoi danh gia kha nang theo doi su 0 nhiém cta nuéc dudi dat bing phuong phéap dién tro suat thong
gua méi quan hé giira ndng do chat & nhiém va dién tro suat.

2. Khu vec nghién ciu

Khu vuc nghién ctu 1a bai chdn lap Kiéu Ky, Gia Lam, Ha Noi (Hinh 1). i tugng nghién cuu 1a bai
chén lap cii, bai chon lap rong 125m va dai khoang 300m, bai chén 1ap hop vé sinh di di vao hoat dong 18
nam. Bai chon 14p dugc ciu tao tir cac I16p sét va sét pha phan bd dén d6 sau trung binh 6m, duéi 16p sét
v6i chiéu sau tir bé mat téi 5-6m 13 16p cét hat nau chiéu day 10m, tiép theo 1a I6p cat hat min dén trung
chidu day khoang 10m, phan bé tir chiéu sau 15m - 25m. Thanh phan thach hoc tir 6 sau 25m dén 40m

*Tac gid lién h¢
Email: tranvanhuu@humg.edu.vn
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chu yéu Ia cat hat min 1an bot, sét mau nau. Dia tang bén dudi 12 I6p cét hat tho Ian san s6i, ¢6 chiéu day
khoang 15m, va dudi day cia lop dé tir la sét két va bot ket (Tran Vil Long va nnk, 2018).

. E—
Hinh 1. V; tri b&i chén ldp va vi tri khoan ldy mau (Hoang Ngoc Ha, 2018)

Chiéu sau thé nam muc nudc tai khu vic nghién ciu thay doi tir sat mat dét téi chiéu sdu khoang 2m
(Pham Hoa Binh va nnk, 2018; Hoang Ngoc Ha, 2018). Pic diém dia chét thiy van khu vic gdm hai tang
chtra nuéce, ting Holocen va tang Pleistocen. Tang Holocen c6 thanh phan tram tich la cat hat min dén tho
dan vai chiéu day khoang 20m, phan bé tir chiéu sau 5m dén 25m. Tang chta nude thir hai 1a ting chta
nudéc Pleistocen véi thanh phan thach hoc 1a céat két hat trung dén tho, bén dudi la cat hat thd 13n san soi va
cudi. Tang chira nudce Pleistocen 6 chiéu day 15m, phan bé tir chiéu sau 40m dén 50m va duoc ngan cach
Vvéi tang chira nuwéc Holocen bai 16p cét 13n bot, sét phan bé tir chiéu sau 25 dén 40m (Tran Vil Long va
nnk, 2018).

3. Phwong phap nghién ciu

3.1. M6 hinh héa dia chét thiy van - Pia vat Iy
Céc thong sé ciia mé hinh bao gdm dién tra suét, hé sb tham, dd rdng va thach hoc. Cac thi nghiém bom
ép da duoc tién hanh trong céc nghién ciru truée day (Jusseret va nnk, 2009) theo cac tang dat d4 khac
nhau. Céc két qua nghién ciru chi ra rang hé s6 tham cua 16p sét véi chiéu sau phan bé tir bé mat t6i chiéu
sau 5m c6 gia tri 1a 1e-8m/s (Jusseret va nnk, 2009). Tang chtra nudc Holocen ¢6 thanh phan thach hoc 1a
cat két c6 hé s6 tham cao nhat 5e-4m/s. Hé s6 tham cua 16p sét ngan cach hai tang chira nuge Holocen va
pleistocen 1a 1.9e-8m/s. Tang chtra nudc Pleistocen véi thanh phan cat hat thd 13n soi san c6 gia tri tham
le-4m/s. L6p sét, bot két cudi ciing c6 gié tri 1e-8m/s. Gia tri dién tro suat cua cac 16p dat da thay doi phy
thudc vao dac diém thach hoc ciia timg tang va dugc lap trong Bang 1 (Nguyén Vian Giang va nnk, 2012).
Ngoai hai tham sb dién tré suat va hé sb thiam, do rong la mot tham s khong thé thiéu trong mo hinh. Do
rdng, duong kinh hat va hé sé tham c6 méi quan hé rat chat ch&, méi quan hé gitra hé sb thim va duong
kinh hat cua thanh hé nhu sau (Wang va nnk, 2017):
K =Ca g logl22)e; S

trong d6: K - hé s thAm:

g - gia tc trong truong (m/s?);

v - 6 nhgt dong hoc (m?/s);

Cs- 6.10'4;

Cu- hé s6 ddng nhit;

dio - kich thuéc tinh bing mm hoic cua 16 rdy ma 10% khéi luong hat cia mau dit dugc ray lot
qua ray (Tran Vii Long va nnk, 2018).

M&i quan hé gitra do rdng va do thdm, dudng kinh cua hat dwoc xac dinh bang cong thic Kozeny-
Carman nhu sau:
3

¢, 3™ 42 @)
K CK v (1-”)2 le
trong d6: n - d6 rong;
Ck - 1/180.
Két qua vé gi tri do rong dugc xac dinh thong qua do hat (Tran Vii Long va nnk, 2018) theo cong thic
(1) va cong thirc (2) trong Bang 1. M6 hinh c6 chiéu dai 204m, phan b tir vi tri -102 dén 102 va chiéu sau
1a 80m (Hinh 4a). Vi vi tri ciia bai chdn I4p tir -62.5 dén vi tri 62.5 véi chiéu dai 1a 125m.
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3.2. Sw lan truyén cia chdt 6 nhiém

M6 phong qua trinh dich chuyén cia chét 6 nhiém duoc dya trén phwong trinh déi luu - khuéch tan:

oc

trong do: ¢ - ndng do chat 6 nhiém;
D - hé s6 khuéch tan;
v - van téc dich chuyén cua chit luu;
S - ngudn 6 nhidm.

—=V.(DVc)-v.vc+S
ot

Bdng 1. Thong s6 mé hinh Pia vdt ly - Dia chdt thiy vin

@)

. Do sau Do rong | Hé s tham | Dién tro suat
L6p Thach hoc (m) (%) (mis) (ohm.m)

1 Sét mau nau do 0-5 42 le-8 200

2 Cét hat min, catSQ?t trung, lan san 5.95 42 5e-4 1000

3 Cét 1an bot, sét 25-40 43 1.9e-8 400

4 Cét hat tho 1an san soi 40 - 60 42 le-4 1000

5 Sét, bot két 60 - 80 42 1le-8 200

Vin toc chat luu v dich chuyén trong méi truong duge xac dinh dya trén phwong trinh Darcy:
Kv+Vp=0 (4
trong d6: K - hé sé tham;
p - d6 doc thuy luc. ) )
Dua vao ddc diem dia chat thuy vén cua khu vuc, d6 doc thuy luc dugc chon véi gia tri 0.3%. Chat 6
nhiém trong bai chon lap Kiéu Ky chu yeu la kim loai nang véi nong do trung binh 33g/l (Hoang Ngoc Ha,
2018). Chat 6 nhiem dugc md phong tap trung tur chieu sau 2m t6i day cua bai chon lap (Hinh 4a).
3.3. Mai quan h¢ gi@a nong dg chat 0 nhiém va di¢n tré suat dat dd ) ) )
bé x4c dinh sy dich chuyén cua chat luu thong qua thong so dién trg suat, gia tri dién tro suat cua chat
luu can dugc xach dinh thdng qua moi quan hé tuyén tinh (Carsten Ricker va nnk, 2017):
-1 (5)
0.Ic+o,
trong do: pr - dién tro su:éit cua C~h€'1t luu;
C - n6ng~d6 chat 6 nhiém;
oo - d6 dér} dién ctua nuéc trong thanh hé.’ )
bién tré suat cua dat da phu thuge vao dién tro suat cua chat luu trong thanh h¢, mo hinh nghién ctru la
moi truong nhiéu pha. Dién tré suat cua thanh hé tuin theo dinh luat Archie (Paul W. J. Glover, 2010):

o= i o p" ©)

trong do: o - 46 dan dién cua thanh hé (nghich dao cua dién tr suat);
oi - 46 dan dién cua ting pha trong thanh he;
®; - phan thé tich cua ting pha;
mi - hé s6 mii bao hoa.
3.4. Phwong phdp di¢n tré sudt
Phuong phép dién tré sut hoat dong trén nguyén tic phat dong dién vao maéi trudng thong qua hai cuc
phat A, B va do hiéu dién thé giita hai cyc thu M, N (Hinh 2).
AU =U,, _UN:PJ{L_L_LJrL} (7
27| AM BM AN BN
trong do6: AU - Hiéu dién thé giita hai cuc thu M, N;
Uwm - Dién thé tai cuc M;
Un - Dién thé tai cuc N;
p - Dién tro suat moi truong;
| - Cuong d6 dong dién phat vao moi truong.
Dién tré suat cua dat da duoc xac dinh bang cong thic:
p-k2Y (®)

Ps
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Vi K 2z ©
Tl 1 1 N 1

A(+h M~ N B(-1)

ALV > -

Hinh 2. Hé dién cuc phwong phdp dién tré suat

K 12 hé s6 thiét bi phu thudc vao cac bé tri hé cuc. C6 nhiéu cach bd tri hé cuc thu phat trong phuong
phap dién tro suat, phd bién nhit 1a dién cuc thé, hé 4 cuc dbi xang (W-S), hé 3 cyc va hé ludng cuc (Hinh
3). Trong nghién ctu ndy, hé ludng duoc st dung dé do dién tro suét theo thoi gian. Hé cuc ludng cuc bao
gdm 200 dién cuc, dwoc bd tri tir vi tri -100 dén vi tri 100 trén mé hinh. Sau khi qué trinh do dién tré suat
trén md hinh két thic, tai liéu dwoc giai nguoc dé xac dinh sy phan b caa dién tré suat. Sau do, dinh luat
Archie duoc &p dung dé xac dinh dwoc sy phan b cua chit 6 nhidm trong méi truong.

A B A M N B
a na a na
L | I |
Hé cure thé Hé 4 cie doi ximg (W-S)
A M N A B M N
| » Jod le] w ]
H¢ 3 cuc Hg ludng cyc

Hinh 3. So' dé bé tri hé cuc trong tham do dién (Nguyén Trong Nga, 2011)

4. Két qua va thao luan
4.1. Swdich chuyén cia chdt 6 nhiém

Su dich chuyén chét 6 nhidm dugc md phong véi thoi gian dich chuyén 1a 6 thang. Két qua dich chuyén
cua chat 6 nhiém vao méi trurong theo céc khoang thoi gian 1 thang, 3 thang, 6 thang duoc trinh bay trong
Hinh 4.

a'l b!
0 —
[ ——————— | N S e — |
-20 -20
-40 -40
—50 —50
-80 4 -80 4
-100 -75  -50  -25 0 5 50 75100 -100 -75 -50 -5 ] 5 50 s 100
0 875 175 26.25 5.0 0 875 17.5 26.25 35.0
MNéng do chat o nhigmg/l NGng @ chat & nhiém gif
c, d,
_20 -20
-40 -40
—&0 —60
—g0 4 -80 &
-100 -75 50 -25 0 5 50 7S 100 -100 -75 -50 -25 0 5 50 s 100
] 875 17.5 26.25 35.0 0 875 175 26.25 35.0
Néng dd chat & nhigm gif Mdng do chat o nhiém gif

Hinh 4. Sy phan bé chdt 6 nhiém véi thoi gian lan truyén khac nhau. a, mé hinh ban dau; b, sau 1
thang; c, sau 3 thang; d, sau 6 thang.
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Két qua md phong cho thay chat 6 nhidém da thdm vao moi trudng dat va nudc, lan truyén cha yéu trong
tang chira nuéc Holocen, chua c6 kha nang tham xudng tang chira nuéc pleistocen. Sau 1 thang mé phong,
cac chit 6 nhiém da bét diu ngm xudng tang cat min chira nuée. Sau 3 thang va 6 thang, cac chét 6 nhiém
da dich chuyén di xa hon ra khoi pham vi caa md hinh va van chu yéu thim vao ting chita nudc Holocen
véi chiéu sau nho hon 20m.

4.2. Swphan bé dién trg sudt theo thei gian

Két qua giai nguoc dién tro suit theo thoi gian cho thay c6 su khéc biét trén 14t cit dién tro suat (Hinh
5), dac biét gira lat cat dién tro suat nén va lat cat dién tro suat khi co su lan truyén cua chat 6 nhiém. Déi
dién tro suat thap phan bd tir vi tri -60 dén vi tri 85 phi hop voi sy phan bd ndng d6 chat & nhiém trong
Hinh 5a. Tuy nhién, sau 3 thang ddi dién tro suat thap da mo rong theo ca chiéu sau va chiéu ngang. Sau 6
thang, d6i dién tro suat da tro nén 6n dinh, va phan bé trén phan Ién lat cat.

4.3. Swphan bé chat 6 nhiém theo két qua do dién tré sudt

Sau khi giai nguoc lat cit dién tr suit, ndng d6 cua céc chit 6 nhidm theo dién tro suit dugc tinh theo
méi quan hé trong nghién ciru cua Carsten Riicker va nnk, 2017 (Hinh 6). Két qua thé hién c6 sy ton tai cua
1 d6i 6 nhiém trong Hinh 6a, vai vi tri phan bd cua déi 6 nhiém tring véi két qua phan b chat 6 nhiém
trong Hinh 4b. Tuy nhién, sy phan b caa chat 6 nhiém tir két qua giai nguoc dién tro suat sau 3 thang va
6 thang (Hinh 6b va Hinh 6¢) phan b rong hon so véi vi tri phan bé cia chat 8 nhiém trong Hinh 4c va ed.
Mic du c6 sy khéac nhau giita hai mé hinh phan bé chit 6 nhidm, két qua cua ca hai mé hinh déu chi ra su
phan b va dich chuyén ciia chat 6 nhiém trong méi truong theo thoi gian.

a, b,

327

0.042 052 647 80.41 1000
Resistivity (Qm) Resistivity (Qm)
Cl dl
0
W
-20 e
—a0 IO
-60
-80 :
-100 -75 -850 -25 0 25 5 75 100
0021 031 4% 6786 1000 0.032 042 563 75.01 1000
Resistivity (Qm)

Resistivity (Qm)
Hinh 5. a, mat cat dién tro sudt méi trwong khi khong c6 chat 6 nhiém; b, mdt cdr dién tro sudt tai thoi
diem 1 thé}ng sau khi chat 6 nhiem phat tan; C, mat cat dién tro suat tai thoi diem 3 théNnQ sau khi chat 6
nhiém phat tan; d, mat cat dién tré suat tai thoi diém 6 thang sau khi chat 6 nhiem phat tan.

5. Kétluan

Két qua md phong su dich chuyén chit 6 nhidm trong thoi gian 6 thang cho thay chit 6 nhidm tir bai
chén 14p cé thé phat tan vao méi trudng dit (Hoang Ngoc Ha, 2018) va mdi trudng nudc. Chét 6 nhiém da
phét tan vao tang chira nuéc Holocen va c6 kha nang dich chuyén téi cac khu dan cu.

Céc két qua giai nguoc mo hinh dién tré suit theo thoi gian da ching minh kha ning cia phuong phap
dién tro suét trong viéc quan trac su dich chuyén ciia chat 6 nhiém tir cac nguon 6 nhiém nhur bai chon 1ap
réc thai 1a hiéu qua. Do do, phuong phap dién tré suat hoan toan cé thé dugc ap dung trong viéc nghién
cau, theo ddi qué trinh hoat dong cua cac béi rac thai.

Mic du phuong phép dién tro suat da ching minh tinh hi¢u qua trong viéc theo ddi su di chuyén cua
chat & nhlem nhung do dac tinh 1a mot phuong phap gian t1ep, luan giai két qua thdng qua cac viée do cac
thong s6 vat 1y do d6 chua the hién chinh xac ranh giéi cua chat 6 nhiém. Do d6, c6 thé trlen khai dong thoi
phwong phap do dién tré sut két hop 1y mau tai mot s6 vi tri dé quan tric sy lan truyén cua chat thai tur
bai rac Kiéu Ky ra méi truong ni riéng va theo di sy dich chuyén caa chat 6 nhidm néi chung.
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0 875 175 26.25 35.0 175 26.25 35.0
Nong do chat 6 nhigm g/f Néng do chat 6 nhiém g/f
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C,

0 875 17.5 26.25 35.0
Nong do chat 6 nhiém g/f
Hinh 6. Sor d6 phan bé nong dé chat 6 nhiém theo két qud gidi nguot dién tré sudt
a, sau 1 thang; b, sau 3 thang; c, sau 6 thang
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ABSTRACT

Electrical resistivity tomography and hydrogeophysics modeling for
evaluating contaminant transport into groundwater

Tran Van Huu?, Kieu Duy Thong?, Vu Thi Lan?, Nguyen Truong Giang*
1 Hanoi University of Mining and Geology

In recent years, groundwater resources have been heavily polluted due to the rubbish dropped from human
activities and manufacturing, especially in big cities or in industrial zones. That leads to a lack of water
resources and some detrimental effects on the ecosystem. Therefore, it demands on studying some methods
for observing contaminant transport to make some decisions and managing water resources. There are two
groups of methods to investigate groundwater contamination. The first one is the direct method by taking
samples for testing. This method is precise, but it is quite expensive and local. By contrast, the second one
is the geophysics method, this method is cheaper and cost-effective. The geophysics method could explore
in a large area with various depths. But it is less precise than the direct method. In this study, we combine
both methods based on the advantages and disadvantages of them. First, by solving the advection-diffusion
equation versus times to predict contaminant movements. Second, we set the relationship between electrical
resistivity and concentration of contaminants gained from the previous study. Finally, we use the electrical
resistivity method to detect contaminant transport from a landfill.

Keywords: Electrical resistivity; hydrogeophysics modeling; groundwater contamination; landfill.
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E RSE ~_ HOINGHI TOAN QUOC KHOA HQC TRAI DAT
RARNI BOREES D VA TAI NGUYEN V@I PHAT TRIEN BEN VNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Lua chon phuong phap bom ¢p hoa pham thich hop nhéqm
nang cao hé so thu hoi dau cho tang méng mo Bach Ho

Nguyén Khic Long®*, Nguyén Van Thanh!, Truong Van T, Dodn Thi Tram!
Truong Dai hoc Mo - Dja chat

TOM TAT

Qua trinh khai thac dau tai moé Bach H6 dang tap trung vao ba ddi twgng: Oligoxen, Miocene va ting Méng.
Trong d6, ting Mong la via granit nut né véi do bat ddng nhat vé d¢ tham va do rdng rét I6n. San lugng
khai thac tir tang Méng trong nhitng nam qua ludn chiém phan 16n téng san lugng khai thac, c6 nhirng nam
dat trén 50%. Hién nay, ddi twong Méng granit nit né dang dugc tién hanh bom ép nudc nham duy tri 4p
sut via. Tuy nhién, phuong phap nay khong hiéu qua ¢ cac khu vue ma cuong do hoat dong kién tao yéu,
muc d6 dap v dat da thap, cac khe nut it lién thong, do tham kém. Do vay, san lugng khai thac dang & giai
doan suy giam véi d6 ngap nudc tang cao.

Nhiing nghién ctu vé nang cao hé s6 thu hdi dau cho di tugng Méng nit né hién nay nhu bom ép phirc
h¢ polymer, bom ép khi CO2, bom ép chat hoat tinh bé mat (HTBM), bom ép céc hat nano HTBM chi gidp
tang hiéu qua day dau hoac hiéu qua quét dau. Phuong phap bom ép két hop gitra chat HTBM va polymer
lam tang dong thoi hiéu qua day dau nho giam strc cang bé mat va hiéu qua quét dau nho tang su dich
chuyén cac ving co do nhét I6n.

Trong bai bao nay, nhém tac gia phén tich dic diém cia cac phuong phap bom ép héa pham nham nang
cao hé sb thu hdi dau. Cac danh gia, dé xuét &p dung bom ép hé hoa pham thich hop cho dbi tugng Méng
nirt né mo Bach Hé ciing dwoc trinh bay.

Tir khoa: Nang cao hé sb thu hdi dau; Méng nirt né; bom ép hoa pham.

1. Pit vén dé

Tang méng moé Bach H6 bit ddu dua vao khai thac tir thang 9/1988, véi giéng BH-1. Sau hon 30 nim
khai thac, dén nay trit lwong con lai c6 kha nang khai thac cia mo Bach H6 dang ton tai trong cac khe nit,
hang héc tai phan noc cua than dau, hé théng khe nut Ién (macro) thudc phan gitra cia than dau, déi vi nit
né va nat né 1 chiéu khong lién théng, phan néc méng nhd cao ma trude day chua xac dinh duoc va chua
mé via va nhitng thé tich con sot do chura xac dinh chinh xac d6i nit né hoac quy dao khoan chua dén duoc.

Bom ép nudc (khdng tron 13n) cho dén nay la giai phap hiéu qua nhat gop phan quan trong ting luu
luong céc giéng, on dinh ty sé khi - dau, nang cao hé sé thu hdi dau va 6n dinh san lugng dau khai thac
tang mong Bach H6. Tuy nhién, bom ép nudc chi hiéu qua & cac khu vuc kién tao dap v manh, cac doi
nit né lién thong tot, do tham tét va s& khdng hiéu qua & cac khu vire ma cudng do hoat dong kién tao yéu,
hozc do thanh phan thach hoc ma mirc do dap v dat da thap, cac khe nit it lién thong, do tham kém (Phing
Dinh Thyc, 2018). Vi vdy, viéc nghién ciru giai phap bom ép nuéc ¢ tron 1an nham thay dbi tinh chat Iy
hod cua chit luu trong via, ting hé sb dy, hé s6 quét giup gia ting hé s6 thu hdi dau cho ting méng mé
Bach H6 mang tinh thoi su va cip thiét trong giai doan suy giam san luong khai thac.

DAu thd thudc tang méng moé Bach HE ¢6 ham luong paraffin va do nhét cao. Trong khi nude bom ép
¢6 do nhét rat thap dan dén hiéu qua day dau thap do ty s linh dong gitta nuéc va dau Ion. Dé giam stc
cing bé mit giira pha dau va nudc nham ting hiéu qua day dau, dong thoi ting hé s6 quét, cd thé ap dung
phuong phap bom chat hoat dong bé mat két hop véi bom polymer.

2. Hién trang thu héi dau tai ting Méng mé Bach Hé

Tang Méng mo Bach Ho bat dau dua vao khai thac tir thang 9/1988. Tang Moéng dugc chia thanh bon
khu vuc: khéi Trung tam, khbi Béc, khdi Nam va khdi Dong Béc. Trong d6 khdi Trung tam 1a khu vic khai
thac chinh. San lugng dau cong don da khai thac tir ting Méng t6i nam 2017 chiém 87% téng san lugng
khai thac cua toan mo Bach Hé. Trit lwong va hé sé thu hdi dau tai cac khbi ¢ ting Méng rat khac nhau do
tinh bat ddng nhat cua cac khéi rat cao vé ca do rong va do tham (Phung Binh Thyc, 2018).

* Tac gia lién hé
Email: nguyenkhaclong@humg.edu.vn
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Ché d¢ niang lugng via cua tang Mong thudc kiéu mo thé tich, khong c6 ving nuéc ria. Viéc bom ép
nuéc nham duy tri &p suat via cho ting Mong dugc tién hanh tir 6/1993. Viéc bom ép nudc vao doi sau cua
than dau dé tao day nuéc nhan tao, dicu chinh sy dich chuyen ranh giéi dau nudc dong déu tir dui 1én. Do
hi¢u ung tich cuc cua bom ép nuéc va su chuyén dong tot cua dong dau tir dudi 1&n nén ép
suat via dwoc duy tri 6n dinh, I6n hon &p suat bdo hoa vi vay khong hinh thanh mii khi. Tuy nhién, do
tinh bat dong nhat cao cia via dau vé su phan bd cac déi nut né va tinh chét via theo dién tich va
chiéu sau, nén mit ranh gi¢i dau nude la mot mat réat 16i 16m do c6 sy hién dién cua cac ludi nude cuc bo
va khong dé dé thiét Iap mot mat ranh gisi dau nuoc phang trén toan bo than dau. Biéu nay dé dan dén
hién trong ngap nudc sém cia mot sb giéng khoan & doi trén cua via. Hién nay, hién tuong ngap nuéc cua
cac giéng khai thac trong ting Mong dang tang, nguy co cac giéng ngirng hoat dong, dan téi hé sb thu hoi
dau giam, khong huy dong duoc luong dau tan du con lai trong da chira.

Theo s6 liéu thong ké, san lwong khai thac dau thuc té tai ting méng moé Bach H6 nam 2017 1a 2064
nghin tan, d6 ngap nudc trung binh cua cac giéng 14 51,4% va c6 xu hudng ting manh. Viéc xac dinh trix
lugng dau con lai trong cac khu vuc va khong gian rong c6 y nghia dic biét quan trong trong viéc tim ra
giai phap thu hoi dau phu hop. Theo két qua nnghién ctru qua trinh khai thac than dau trong d4 mong Bach
Ho, vao cudi giai doan khai thac, trir lwong dau con lai trong d4 méng mé Bach H6 dang ton tai & nhing vi
tri sau (Phung Dinh Thyc, 2018):

- Ton tai trong cac khe nit, hang héc chura khai thac & noc cia than dau noi da chira bi dap v manh, nat
vun.

- Dau tan du con lai chua quét hét trong hé thong khe nut 16n & giira than dau; trir luong dau bi ket trong
cac ddi vi niit né cua than dau chua du diéu kién khai thac trude day; trir lugng bi ket trong cac nit né mot
chiéu khdng lién thong.

- Trir lvgng con lai tai n6c méng nho cao ma trude day chua xac dinh duge va chua mé via.

- Trit luong con lai ¢ nhiing thé tich chwa xéac dinh chinh xac d6i nit né hoac quy dao khoan chua dén
duoc.

Dé khai thac trir lugng dau con lai nay doi hoi phai 6 giai phap thu hdi dau hiéu qua. Pay chinh 1a su
khéc biét vé cong nghé thu hdi dau trong ting Mong trong giai doan hién nay véi giai doan 6n dinh va suy
giam trudc day.

3. Cac phwong phap thu hoi diu khi cho dbi twgng Mong granit niet né

Tuy theo tac nhan duoc sir dung, cac giai phap ting cuong thu hdi dau trén thé gigi hién nay dwoc chia
thanh ba nhém chinh: nhiét, hda va khi. Nhoém giai phép hdéa bao gom céc phuong phap bom ép céc hoa
pham nhu: polymer, chit hoat dong bé mat, chat kiém (alkaline) hoac cac t6 hop nhu surfactant-polymer
(SP), alkaline-surfactant-polymer (ASP), két hgp cac hat nano vai polymer hoic chit hoat dong bé mat...
Mbi phuong phap sé& thich hop vai ting dbi tuong khai théc cu thé.

Mot s6 mo dau duoc phat hién trong dbi twong Mong granit nit né trén thé gidi nhu mo Beaver (M),
mo Xinlongtai, mé Yaerxia (Trung Qudc), mé Anding Utara (Malaysia), mo Beruk Northeast, mo Tanjung
va mo Jatibarang (Indonesia), mo Zeit Bay (Ai Cap). Mo Bach Hé tai Viét Nam dugc xem nhu 1a mét trong
nhitng mé dau trong tang mong vai trit lwong I6n nhat (Noor Ilyana Binti Ismail, 2011).

Mot sé cong trinh nghién ctu V& cac giai phap nang cao hé s thu hdi dau cho déi trong méng nut né
dugc thuc hién. Nhitng nghién ctu ndy mai chi tap trung vao céc giai phap bom ép phtc hé polymer
(Nguyén Hitu Trung va nnk, 1997), bom ép khi CO2 (Nguyén Hai An, 2012), bom ép chat HTBM (L& Thi
Nhu Y, 2012), bom ép cac hat nano HTBM cho ddi twong méng granit nit né (Trinh Thanh Son va nnk,
2018). Céc giai phap nay chi gitp tang hi¢u qua riéng rg, hogc day dau hogc quét dau nham nang cao h¢ s
thu hoi.

Bom ép CO:2

Khi bom ép CO; vao via, hdn hop duoc tao ra co thé 1a mot pha hydrocarbon duy nhat hoac & trang théi
hai pha dau, khi riéng biét. Trong truong hop ap suat du I6n, hdn hop CO, va dau c6 trang thai mot pha,
qua trinh bom ép khi CO2 dwoc goi 1a bom ép tron 1an. Bom ép CO, V6i co ché tron Ian, theo hudng tir trén
xubng, c6 kha nang vuot qua dugc nhiing thach thirc ciia than dau dang khdi ciia dbi tugng mong c6 nhiét
do cao (trén 120°C); mtc do bat dong nhét cao vé d6 thim. Ngoai ra phuong phap bom ép CO> €6 thé giai
quyét dong thoi trong nang cao hé sb thu hdi dau va tang trir CO; trong 1ong dat nham bao vé moéi trudng.

Bom ép chit hoat dong bé mit

Thuyc té va ly thuyét cho thiy, ngay trong khu vyc anh huéng ciia nude bom ép, mot lugng dau 16n van
nam trong cac bay mao quan ctia da chira (cac kénh dan co kich thudc rt nho). Bang phuwong phap bom ép
nudce thong thuong khong thé khai thac dugc dau nam trong cac biy mao quan do luc nhot khéng thé thang
dugc luc mao dan. Giai phap chinh dé khai thac dwgc mot phan dau trong cac bay mao quan la st dung
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chét hoat dong bé mat. Do dic tinh vdn co, cac chat hoat dong bé mat c6 xu hudng tap trung tai mat tiép
xUc giita hai pha dau nuéc va bé mat d4 chira. Sy c6 mat caa ching tai day lam giam sirc cang bé mat (dan
dén 1am giam &p suit mao dan) va thay déi tinh dinh w6t ciia dat da via, gilp céc giot dau tré nén linh dong
hon, d& bién dang hozc phan chia nho hon va thoat ra khoi cac bdy mao mach da chira vao kénh dan c6 kich
thudc 16n hon, tir d6 tang hidu suat day dau cia nuéce bom ép (Phan Vii Anh va nnk, 2018). Chét hoat tinh
bé mat duge bom ¢ép s€ tao ra cac vi nhii ¢ tac dung ting d¢ linh dong cua dau. Nghién cau téng hop hé
hoa pham chira chat hoat dong bé mit cho tang cudng thu hdi dau phu hop diéu kién mét sé via thudc cac
tang Miocene va Oligocene da dugc trién khai tai VPI tir khoang hon 10 nam trudc.

Bom ép polymer

Bom ép c6 tron 1an polymer nham lam ting d¢ nhot cia nude bom ép dan téi giam d¢ linh dong ciia pha
day dau trong via. Str dung cac polymer tan trong nuéc nham tiang d6 nhét cia nudce bom ép, giam ty sé do
linh dong dau - nudc, tir d6 tang hé s6 quét dau. Polymer duoc sir dung trong cong nghé ting cuong thu hoi
dau chia 1am 2 loai chinh la polysaccharide c6 nguon gbc vi sinh nhu: xanthan gum, scleroglucan,
schizophyllan va polyacrylamide tong hop tir cac phuwong phap hoa hoc. Do cé dac tinh bén nhiét va mudi
cao hon so v6i cac polysaccharide, polyacrylamide bién tinh dwoc sir dung nhidu hon trong linh vuc ting
cuong thu hdi dau. Phuong phap bom ép nay phu hop trong qua trinh thu hdi dau c6 dé nhét cao.

Bom ép polymer ket hgp chit hoat dgng bé mit

Trong giai doan cu0| cuia qua trinh khai thac, ngoai dau bi giit trong cac biy mao quan cua da chira, mot
lwong dau déng ké van nam ngoai ving tac dong ciia nude bom ép. Do d6 ngoai viéc st dung cac chat hoat
dong bé mat gitip tang hiéu qua day dau tai cac khu vuc nude bom ép di qua, con can sir dung tac nhan
polymer dé ting hé s quét ciia luu thé day va han ché ludi nude. DO nhét caa luu co thé day cang cao thi
phan bd vao cac khu vuc co d6 thim khac nhau cang dong déu va hé s quét cang Ion. Khi hé héa pham
chta polymer duoc bom niit, phong dy dau ciing phan nao dugc can bang va hé sé quét ciing duoc cai
thién. Nut bom cang 16n thi hiéu qua quét dau cang cao.

DAau thd méng mé Bach H6 ¢6 ham lugng paraffin va d6 nhét cao. Trong khi nude bom ép c6 d nhat
rat thip dan dén hiéu qua day dau thap do ty sb linh dong gitra nuéc va dau I6n. BE giam stc cang bé mat
giita pha dau va nuée nham ting hiéu qua day dau, dong thoi ting hé s6 quét, cé thé ap dung phurong phap
bom chét hoat dong bé mat két hop véi bom polymer.

4. Phwong phap bom ép héa phim thich hop

Viéc nghién ctru bom ép héa pham cho dbi twgng méng granit nirt né moé Bach H6 méi chi tap trung vao
C4c giai phap bom riéng 1é cac chit nhu bom ép hé polymer, bom ép khi CO2, bom ép chat HTBM, bom
ép cac hat nano HTBM. Giai phap bom ép két hop giira chat HTBM va polymer lam ting dong thoi hiéu
qua day dau nho giam st cang bé mat va hiéu qua quét dau ra khoi cac khe nut theo phuong ngang va
phuong thang diung nhd tang su dich chuyén cac viing c6 do nhat 16n.

Chat HTBM gidp giam strc cang bé mat giira dau va nuéc din t6i giam do bdo hoa dau tan du trong cac
kénh mao dan, ting hiéu qua dy dau; con bom ép polymer lam ting d6 nhét cia hdn hgp bom ép, tir d6
lam ting hiéu qua quét dau. Dé c6 thé ting ddng thoi hiéu qua ddy va hiéu qua quét dau tan du ra khoi 15
rdng cua da chira, ¢ thé bom ép polymer sau khi bom chit HTBM hoic bom ép polymer cing véi chét
HTBM. Ndng do cua chit HTBM céan dugc lya chon sao cho khong vuot quéa ndng do micelle tiéu chuan
(tai gia tri ndy chat HTBM s& tao thanh micelle keo va chat HTBM s& hap thu vao céc chudi cuia polymer
bom ép).

Tiéu chi lya chon chinh cac d6i twong tién hanh bom ép hé hda pham chat HTBM va polymer 1a d6 man
va nhiét do cua chat luu trong thanh hé. Taber va cong sy (1997) cho rang thanh hé duoc lra chon dé bom
ép hé héa pham co nudc via véi ham lugng mudi clorua nén nho hon 20000 ppm va ndng do cac ion hda
tri 11 nén nho hon 500 ppm; d6 nhét cua dau nén nho hon 35¢p; d6 tham cua da khong nhé hon 10 mD va
nhiét do via nhé hon 93°C.

Hién nay véi trinh d¢ phat trién cua khoa hoc cong nghé, da c6 cac loai polymer hoic hdn hop polymer
on dinh téi nhiét do trén 120°C, nhu copolymer Flopaam AN 100 va Superpusher SAV 6n dinh téi 120°C
(SNF Floerger, 2015) va polyacrylamide-AMPS copolymer (25% 2-acrylamido-2methylpropane sulphonic
acid-AMPS) chiu nhiét I&n t6i 160°C khi dugce bom cung véi nude mudi khdng cé cation héa tri 11 chi chua
2% NaCl va 1 % NaHCO3 (Seright, 2010)

Vé dic diém cua ting Méng mo Bach Hé, ddi twong dwoc lya chon dé dua ra phuong phap bom ép hoa
pham pht hop (Nguyen Phu Thinh va nnk, 2014):

- Loai da: Mong granit ntt né;

- B¢ day tang chwra: 1500 ft;

- b6 sau: 16000 ft;
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- B thim: 1500mD

- Nhiét do: 140°C

- Mat 6 cua dau 40°API

- Po nhot cua dau tai diéu kién nhiét do via: 1.3 cp

- B9 man cia nudc bom ép: 36 g/l

Nudc via trong trong tang Mong thudc loai nudc clorua canxi véi do khoang hoa thap, khéc xa voi nuéc
clia CAC tAng nam phia trén noi chi gap nudc bicarbonat natri. ¢ cac phan ria ciia Méng (phan phia bac phia
tay va phia dong) co thé da ton tai nudc via ven ria va no dan dan dang I&n, xam nhap vao céac gleng trong
qua trinh khai thac. Ham lugng brom va i6t trong nudc ngam ¢ tat ca cac phic hé co gia tri tuong ddi cao,
nhung thip hon gia tri cong nghi¢p, con ham lwgng ammonia, phenol va axit naphthenic c6 gia tri thap

Cin ctr vao dic diém cua dau trong tang Mong va cac tiéu chi lya chon phuong phap thu hoi dau khi
tang cuong, nhom tac gia thay rang dé nang cao hiéu qua thu hdi dau cho dbi tugng Méng mé Bach Ho ¢6
thé ap dung phuong phap bom ép hé héa pham chat HTBM két hop véi polymer. M6 hinh pha tron hn
hop héa pham trén bé mat dé xuat duoc thé hién trén Hinh 1 (SNF Floerger, 2015) va mé hinh bom ép hén
hop héa phdm polymer va chat HTBM vao via duoc thé hién ¢ Hinh 2 (Terry va Rogers,2015). Polymer
kho va chat HTBM dugc vao thiét bi tir phia trén, nude sir dung trong qua trinh hoa tron dugc dan tir phia
dudi vao thiét bi. Hon hop héa pham sau pha tron duoc dan vao hé thong bé khuy. Be nay duoc thiét ké
ctra théng hoi va cira xa ra hé théng bom ép (Hinh 1). H3n hop héa pham duge bom xudng cac gleng bom
ép. Dua trén co ché ting hiéu qua day va hiéu qua ép, hdn hop nay sé day dau tan du vao cac giéng khai
thac (Hinh 2).

Chat HTBM

N

NN

Bé khuay Bom

Nudc
Hinh 1. M6 hinh pha trén hén hop hoa pham trén bé mat

Giéng Gieng
bom ép khai thac
A

Hén hop Polymer va chat HTBM diu

Nude lign két

Hinh 2. M6 hinh bom ép hon hop hda pham polymer va chat HTBM vao via

Phuong phép bom ép nay hira hen dem lai higu qua cao khi kha ning thu hdi dau c6 thé 1én dén 70%
luong déau du con lai trong via sau qua trinh khai thac thur cap, tuy nhién can mot lugng 16n polymer. Doi
véi d6i tugng mong nit né moé Bach HO, ngoai cac co s da néu trén, dd nhét caa dau trong via va sy ton
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tai cac dai vi nat né ludn lam giam hé s6 thu hoi dau, day chinh 1a tién d¢ can thiét cho viéc ap dung phuong
phap bom ép chit hoat dong bé mat - polymer.

Hé hoa phiam dugc dé xut sir dung trong bom ép chat hoat dong bé mit cho dbi tugng méng la hé
IAMS-M2-P két hgp véi ham lwong chat polymer hop ly. Thanh phan héa pham hoat dong bé mat IAMS-
M2-P gom:

+ 150C1454PO sulfate: Day la chat hoat dong bé mat anion thuoc ho ALFOTERRA.

+ Nonylphenol ethoxylate (NP-9): Pay 1a chat hoat dong bé mat nonion, san pham cua Dow Chemical.

+ Copolymer gdc acrylamide bién tinh bén nhiét.

5. Két luan

Tir cac phan tich & trén, mot sb két luan duoc dua ra:

- San luong dau khai thac tir d6i tugng Mong mo Bach H6 dang suy giam, viéc ap dung cac bién phép
nang cao hé sb thu hdi dau 1 can thiét.

- Céc giai phap héa hoc nang cao hé sé thu hdi hién dang dugc nghién ciu cho déi twong Méng mo
granit nit né mod Bach H6 méi chi 1a cac giai phap bom ép riéng 1¢ cdo hda pham nhu polymer, chat hoat
tinh bé mat (HTBM), céc hat nano HTBM.

- Viéc ap dung phuong phap bom ép chét hoat tinh bé mat két hop vai polymer cho déi tugng Méng mo
Bach Hé c6 thé gitip nang cao hiéu qua thu hdi dau.
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ABSTRACT

Selection of the appropriate chemical flooding method to enhance the
oil recovery efficiency for basement reservoir of Bach Ho field

Nguyen Khac Long?, Nguyen Van Thanh?, Truong Van Tu?, Doan Thi Tram!
Hanoi University of Mining and Geology

The oil production process at Bach Ho field is focusing on three strata: Oligocene, Miocene and Basement
formations. In which, Basement formation is a fractured granite reservoir with the high heterogeneous
properties of porosity and permeability. The production output from Basement reservoir in recent years
always accounts for the majority of the total exploitation output, some years it reaches over 50%. Currently,
Basement reservoir is applied water flooding method as an enhanced oil recovery technique. However, this
method is not effective in areas where the intensity of tectonic activity is weak, the degree of rock breaking
is low, the fissures are less connected, and the permeability is poor. As a result, the production output is in
a declining stage with increasing watercut.

The studied enhanced oil recovery techniques for fractured granite reservoirs such as polymer injection,
CO injection, surfactant injection (HTBMM), and nanoparticle and surfactant injection only improve
sweep efficiency or displacement efficiency. The surfactant -polymer flooding can improve both
displacement efficiency and sweep efficiency.

In this paper, the authors analyze the characteristics of chemical flooding methods. The assessments and
proposals for the application of appropriate chemical flooding techniques for Basement reservoir in Bach
Ho field are also presented.

Keywords: Enhanced oil recovery; fractured basement; chemical flooding .
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Ap dung md hinh mé phong dé danh gia hiéu qua giai phéap
nang cao hé so thu hoi dau cho cac mo dau khi dang khai thac
trong giai doan suy giam san luong
Hoang Long"*, Trinh Viét Thang?, Lé Thé Hung!, Tran Thanh Phuong?, Tri¢u Hung Truong®
1Vign Dau khi Viét Nam

2 Tgp doan Dau khi Viét Nam
3 Truong Dai hoc Mo - Dja chat

TOM TAT

Trong nhiing nim géan day, cac nha khoa hoc trén thé gisi da nghién ctru va ap dung cac thuat toan va md
hinh md phong dé 1am 13 co ché dong chay hoic danh gia hiéu qua cua cac giai phap nang cao hé sé thu
hoi dau d6i vai cac mo dau khi. Mot trong nhiing van d& quan trong cua giai phap bom ép khi, bom ép khi
nudc luan phién 1a md phong va du bao duogc diém ap suat tron Ian téi thiéu (MMP) va mdi quan hé dong
chay da pha ctia hé chat luu via, gom chat luu bom ép va chat luu ton tai trong via tir qua trinh thanh tao,
khai thac. Vi su phét trién nhanh chong cua khoa hoc may tinh, trong pham vi bai béo nay s& 4p dung cac
thuat toan, phuong trinh trang thai va ky thuat mo phong dé 1am rd sy thay doi trang théi pha cia cac cau
tir hydrocarbon va sy thay doi tinh chét Iy hda cia toan bo hé chat luu via. Bong thoi, nghién ciru danh gia
sy anh huong cua cac yéu té dén quan hé dong chay giita pha dau, pha khi va pha nuéc trong cac moi
truong via khac nhau tir ddng nhat dén bat dong nhat. Két qua nghién ciru duoc xay dung trén co so dir ligu
cua nhiéu dy &n trén thé gisi va 4p dung cho timg dbi twong via cu thé, ngoai ra dwoc so sanh véi két qua
thi nghiém va thuc tién san xuit nén c6 do tin cdy cao, da bude dau ap dung thir nghiém cho cac mo dau
khi dang khai thac tai Viét Nam.

Tir khda: M6 phong thanh phan; Phuong trinh trang thai; 4p suat tron Ian t6i thiéu (MMP).

1. D3t vin dé

Trong qua trinh khai thac cia cac mo déu khi tai Viét Nam va thé gi6i, sau qua trinh khai thac tu phun
déu sir dung phwong phép khai thac tht cdp 12 bom ép nuwdc nham duy tri &p suat via va gia ting san luong.
Bom ¢p nudc da mang lai nhing hiéu qua nhét dinh trong muc dich duy tri ap sut via va gia tang thu hoi
dau. Tuy nhién, trén thuc té tai cac mo dau khi cho thdy hé sb thu hoi dau tir bom ép nuédc théng thuong
con qua thap so voi ky vong va phuong phap nay cing chinh la nguyén nhan gay nén d¢ ngép nudc cao
trong giéng khai thac, dac biét 1a nhiing giéng khai thac chiu anh huong truc tiép tir nhip d6 bom ép cua
gleng bom ép hoac gleng chiu anh huong cua hién twong hi¢u img “trugt suon”. Thong thuong tai cac mo
dau khi noi chung van con khoang hon 50% dau nam trong via sau khi ap dung céc bién phap khai thac tu
nhién va thtr cip. Luong dau tan du nay c6 thé 1a dau du trong dé chira, diu du trong cac bay 16 rdng vi md
hodc dau du phan bd vi mé trong via chtra dwoc huy dong do hién twong “trugt suon” khi bom ép nude.
Nudc bom ép qua linh dong so véi dau, kénh dan nuéc bom ép da cit hoac chia ré than dau lam dau khéng
thé dén duoc giéng khai thac va cd 1ap bai nude bom ép. Dé nang cao hé sé thu hdi dau va giam do ngap
nudce cua via chira, mo khai thac thi viéc thay thé bom ép nudc bang cac phuong phap bom ép chat luu (khi
hodc héa pham) c6 kha gia tang hiéu qua quét va day dau s& mang lai hé s6 thu hdi dau cao hon.

Nghién ctu lya chon giai phap nang cao hé s thu hoi dau phu hop cho cac mo khai thac dau khi ¢ Viét
Nam di dugc thyc hién. Dya trén tai liéu da thu thap caa hon 1.000 dy &n nang cao hé sé thu hoi dau (EOR)
da ap dung, két qua nghién ciru cho thay véi cac doi twong tram tich khai thac xa dét lién, d6 sdu khai thac
I6n, via xen kep va bat dong nhat cao, nhiét o va &p suat ban dau via chira cao, tinh chat dau trung binh
dén nhe ¢6 ham lugng paraffine/asphaltene cao thi giai phap bom ép khi 1a phit hgp. Phuong phap bom ép
khi Hydrocarbon/CO4/N; va cac khi khac déu rat khé dé xac dinh chinh xac dugc co ché xay ra khi bom ép
vao trong via 1a co ché tron 13n, gan tron 13n hay khong tron 1an. Qua trinh bom ép khi vao via c6 thé s&
xay ra ddng thai nhiéu qua trinh tuong tic gitra chat luu bom ép voi chit luu via véi cac co ché tron Ian

*Tac gid lién h¢
Email: longh@pvi.pvn.vn
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hoan toan, tron Ian tirng phan, khong tron 1an véi qua trinh khi bay hoi, qua trinh ngung tu ngung tu. Ngoai
ra, trong qué trinh ddy dau va tron Ian, cc chat luu bom ép va chét luu via twong tac & bé mit hai pha ciing
ludn thay d6i. Trong pham vi ctia bai bao nay tap trung nghién ctu va sir dung céc thuat toan, phuong trinh
trang thai va ki thuat md phong cac twong tac va thanh phan cau tir hydrocarbon trong hé chat Iuu tron 1an
dé 1am rB sy thay doi trang thai pha cua céc cau tir hydrocarbon, xac dinh diém tron 13n t6i thiéu, su thay
d6i tinh chét ly hoa hé chat Iuu khi ap dung giai phap bom ép khi vao trong via chira. Dong thoi, nghién
ctru dénh gia sy anh huong cia khi bom ép dén quan hé dong chay giira pha dau, pha khi va pha nudc trong
cdc mdi truong via khac nhau tir dong nhat dén bat dong nhét theo tinh chat thyc té cia mo dau khi dang
khai théc tai d6i tuong tram tich bé Ctru Long. Nghién ctu da Iya chon mé mot mo cu thé dé ap dung thur
nghiém cac thuat toan mé phong dé ching minh tinh kha thi cia phuong phap. Cac théng sé moé tir tinh
chét via chira, cong nghé mo va diéu kién mo da dwoc phan tich, chon loc va dua vao tinh todn mé phong
dé dy béo hiéu qua gia ting thu hoi dau cua phuwong phéap véi qué trinh gan tron 13n va tron I1an timg phan.

2. Phwong phap va két qua nghién ciru

Bom ép khi 1a str dung khi nhu mét chat luu dé bom ép vao via nham muc dich tron 1an, hodc gan tron
13n, hodc khong tron 13n vai chét luu via. Néu hai chat luu d6 tron 13n vai nhau theo bt cir ty 1é nao thanh
mot pha duy nhét dugc goi la tron 13n hoan toan. Tai diém ap suat ma khi tron 1an véi dau & bét cur ty 1é
nao dwoc goi 12 &p suat tron 1an tbi thiéu (MMP). Kha nang tron 13n va hiéu suat day dau ra khoi kénh réng
phu thudc nhiéu vao chinh ap suat bom ép va &p suat tron Ian ti thiéu cua hé chat luu. Tai diém 4p suét
bom ép hon hoac bang véi MMP thi hé c6 ap suat bom ép nhé nhat va hiéu suat thu hdi dau cao nhat, chinh
vi vay diém ap suat 1am viéc gan hodc bang MMP 12 ti wu. Tuy nhién, vai cac mo dau khi ¢ Viét Nam, ap
suat tron 1an ti thiéu déu cao hon rat nhiéu so vai ap sut via hién tai. Nén dé dam bao dwoc hiéu qua va
t6i wu hoa chwong trinh bom ép thir nghiém thi diéu kién tién quyét 1a xac dinh dugc MMP va nguon khi
bom ép hiéu qua. Du &n EOR can dau tu thém cac thiét bi bom ép c6 cong suit I6n dé nang ap suat cua ca
hé thong va &p suét via 1én cao hon ap sudt tron 1an 1a rat kho kha thi do yéu té kinh té dau tu va hiéu qua
kinh té. Do vay, cac mo dau khi & Viét Nam s& pht hop khi bom ép & co ché gan tron I3n va khong tron 13n
tir c4c ngudn khi cung cap tai mo. Co ché tron 13n hai luu thé dugc chia thanh nhiéu giai doan gan tron
1An/khéng tron 1an va ddy dau vai cac ngudn khi 1a khi Hydrocarbon ddng hanh, khi CO2, khi N2 va khi lam
giau, khi kho dugc pha LPG. Khi bom ép va dau via dugc coi gdm 3 cau tir chinh C; - phan nhe (hoic COy,
N2), C-Cs - phén trung binh, C7. - phan nang. Gian do 3-céu tir dwoc xay dung theo phuong trinh trang théi
Peng Robinson. Co s¢ cua phuong phap nay la xac dinh diém MMP, co ché tron 1an va gan phéi tron hodc
khong tron lan dé tim hleu céc giai doan day va tron 1an cua chat Iuu via, chét luu bom ép (Hinh 1). Ngoai
céc twong tac ctia CAC Cau tir thi qua trinh tron lan va ddy cua chat luu bom ép va chét luu via con phu thuoe
vao tdc do, co ché dong chay va tinh chét cua via chira.

Co ché qua trinh tron ldn va Co ché qud trinh bay hoi khi Co ché tron |dn ngung tu
khong trgn lan

Hinh 1. Gidn do 3-cdu tir ciia phwong phéap bom ép khi

Qua trinh bom ép khi tron 1an c6 thé dién ra theo ba cach:

- Tron 1an trong lan tiép xuc dau tién (first contacst) nhu bom khi Iong nhu NGL

- Ngung tu tron 1an nhu bom khi lam giau

- Tron 1an bay hoi nhu bom khi kho & ap sut cao hon MMP

Quan trinh gﬁn tron 1an hodc khong tron 1an co thé dién ra theo ba cach:

- Gan tron 13n khi cac cAu tir cua chit luu bom ép c6 thanh phan giéng chét luu via trong 14n tiép xuc
dau tién nhu khi bom khi hydrocarbon, khi CO;

- Gan tron 1an khi cac cdu tir cia chit luu trung gian tiép xuc v6i chét luu via nhu khi bom khi
hydrocarbon, khi CO;

- Hoan toan khong tron 1dn nhu bom khi N
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Lam rB sy thay doi trang thai pha cua cac cau tir hydrocarbon, tinh chat ly héa cua toan bo hé chit luu
via, anh hudng cua cac yeu t6 dén quan hé dong chdy gitra pha dau, pha khi va pha nu6c trong cac moi
truong via khac nhau tir ddng nhit dén bat ddng nhit s& chimng minh dwoc qua trinh thuc sy xay ra trong
via chira khi bom ép khi vao via. Hién nay, cac thuat toan va cong cu mod phong da dwoc phét trién dé giam
thiéu chi phi phan tich thuc nghiém va c6 thé du doan chinh xac dwoc cac qué trinh tron 1an/gan tron
|an/khdng tron 1an, qué trinh thay doi diém tai cac diém tiép xUc giita chat luu bom ép va chat luu via,
MMP theo cac thong s6 dong thuc té trong via chira. Tir cac két qua mo phong xac dinh chinh x4c duoc
MMP va han ché t01 da rui ro khi tién hanh bom ép khi, ciing nhu ¢6 thé danh gia dugc hi¢u qua cua phuong
phap nang cao hé sé thu hdi dau. M6 phong via chtra theo mé hinh thanh phan hydrocabon hay con goi la
md hinh thanh phan 1a ¢éng cu chinh dwoc sir dung trong nghién ctu nay. Ngoai ra, md hinh gia lap hé
thong chét luu theo nhiét do, &p suat va thé tich da duoc sir dung dé tinh toan thanh phan dau va gié tri ap
suat tron 1an téi thiéu cho khi bom ép cu thé. Cac mé hinh sb dwoc xay dung dé mo phong va tinh toan cho
diéu kién tron 1an/gan tron 1an/khong tron In va co ché phét trién tron 1an trong mé hinh thuc nghiém dén
md hinh giéng. Phan tan sb hoc lién quan dén cac mé phong sé hoc da dugc loai bo theo quy dinh thong
thudng, ngoai suy tuyén tinh cua hé s6 thu hdi ¢ tong khéi lvgng bom ép theo thé tich 156 rdng dé wac tinh
thu hdi gan tron 1an va khong tron 1an.

2.1. Nghién ci#u hanh trgng pha va du bao MMP bdngphuong trinh trang thai va moé hinh chdt luu

M0 hinh chét luu via dugc xay dung trén pham mém md phong su dung phuong trinh trang thai Peng
Robinson véi céc thanh phan héa hoc ciia mau chat luu duoc lay ¢ day gieng dai dién cho mo. Két qua
phan tich thanh phan chat luu dén Cip. sau d6 dugc ghép nhém dén C7+ bang phuong phap Whitson dé
dam bao két qua du bao khdng qua sai léch, giam thiéu thoi gian tinh todn va xay dung gian do 3- ciu tir
cho viéc danh gia hanh trang pha va tinh toan MMP cho chét luu bom ép (Hinh 2).
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Hinh 2. Gidn d6 3-cau tir va hanh trang pha cia hé chdt heu

M6 hinh mé phong chét Iuu via, phuong trinh trang thai, hanh trang pha duoc sir dung dé tinh toén va
xéc dinh diém MMP cho céc ngudn khi bom ép. Vi chat Iuu via hién tai thi c6 thé két luan qué trinh bom
ép khi hydrocarbon, CO,, N2 déu 1a qua trinh bom ép gan tron 1an va khong tron 1an do khi bom ép va chét
lwu via déu nam mat phia & dudng két néi téi han. Qua trinh tron Ian chi xay ra khi bom ép khi dwoc lam
gidu dé 1am ting ham lugng Co-Ce trong thanh phan hydrocarbon. Thanh phan chit luu via, thanh phan chét
luu bom ép, nhiét d6 x4c dinh cac thdng sb trong qué trinh bom ép tron 1an duoc sir dung 1a ¢é dinh theo
nhiét d6 via chtra (nhiét do 185 °F). Méi quan hé gitra ham lwong ciu tir va &p suét duoc thé hién trong so
d hinh tam gi4c. Két qua nghién ctru da chi ra ring véi khi bom ép c6 ty 1& C1/C2-C6 cang nho thi 4p suit
tron 1an tdi thiéu cang thap.

Bién doi hanh trang pha cua chat luu phéi tron khi bom ép khi dong hanh (C1/Co-Ce=2) diém MMP
khoang 4500 psia (Bang 1). O céc cap ap suat dudi diém MMP (2000 psia, 3000 psia, 4000 p5|a) thi chat
Iwu bom ép va chit luu via dat trang théi gan tron 1an hozc tron 1an tirng phan rat nho. Tai cac gia tri 4p suat
nay chét luu tron 13n ton tai hai pha khi va long vai cac ty 1¢ pha long/khi tang theo ap suat. M6 hinh chét
luu va phuong trinh trang thai ¢ mo phong chinh xac dwgc qua trinh tuong tic va chuyén pha ciia cac cau
tir ctia chat Iuu via va chét luu bom ép, ciing nhu dwa ra két qua va hanh trang pha ciia chat Iuu phdi tron.
Tuy nhién, han ché cua phuong phap nay la khong danh gia dugc anh huong cia qua trinh phol trén khi co
dong chay va cac bé mit tiép xidc & cac thiét dién 16 rong khac nhau, sy thay doi cia hé chat luu lién tuc
theo bom ép trong didu kién cé dong chay.
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Bang 1. Céc két qud tinh &p sudt trén lan tai thiéu véi céc nguon khi bang phuwong trinh trang thai

Thanh phan khi bom ép Ap suat tron 1an t6i | Bién doi hanh trang pha cua chat luu phdi

thiéu, psia tron khi bom ép khi ddng hanh (C1/Co-
Co=2)

Bom ¢ép khi kho (C1/C,-Cs=4) 7300

Bom ép khi ddng hanh (C4/C- 4500

Co=2)

Bom ¢ép khi lam giau (C4/Co- 2200 5000 psia

C6:1-3) 4000 psia /%

3000 psia 4 5
2000 psia £/

(M (-6

2.2. Nghién cieu ddnh gid diém MMP trén md hinh slimtube

Hé thdng thuc nghiém xac dinh MMP va qua trinh tron 13n hoan toan, gan tron Ian, khong tron 1an trong
phong thi nghiém duoc xay dung trén diéu kién nhiét do va 4p suat via nhung khi tién hanh thyc nghiém
thi dong chay trong slimtube thuc nghiém chi chiu anh huong cua cac thong sb via ¢b dinh trong toan bo
qua trinh tién hanh thuc nghiém. Thiét bi nay khong thé mé phong duoc sy thay doi vé qué trinh tron
Idn/gan tron 1an/khdng tron 1an theo dién va theo chiéu dai cua slimtube. Chi don gian 1a xac dinh MMP
qua viéc xac dinh hé sé thu hdi dau tir thuc nghiém va lugng dau/khi nhan duoc cia qua trinh da xay ra
hién twong tron 1an va khong tron 1an. Phan I6n thanh phan cua hé chét luu via va thanh phan phan khi bom
ép duoc sir dung la dang tai tao, mau luu dwoc lay giit duoc tinh chit chinh xéc véi thuc té moé do didu kién
ldy mau hoic tai tao. Ngoai ra, d6 rdng va do tham cua thiét bi slimtube thuc nghiém 1a Iy tuéng va duoc
xay dung cha yéu trén thanh phan hat cat Quazt, khong dai dién cho tinh chét da via, nén diém MMP tir
thuc nghiém khi &p dung vao mé thong thuong khong chinh xéc dac biét cho qua trinh gan tron lan khi bom
ép dudi diém MMP. Dic biét, chi phi va thoi gian thyuc hién thuc nghiém 16n nén khong thé danh gia nhidu
nguodn chat luu bom ép dé danh gia va Iya chon chat luu bom ép tdi wu. Thay vao d6, mé phong sé thuc
nghiém Slimtube duoc st dung dé danh gia MMP va hiéu qua thu hoi khi tron I1an, gan tron 1an va khong
tron 1an cho céac du an bom ép khi.

M6 hinh “slimtube” dugc xay dung véi cac 6 ludi dé md phong lai qua trinh bom ép khi vao via dau.
Mb hinh duoc thiét ké vai cac thong s trong tu véi thdng s6 caa slimtube thuc nghiém. Diéu kién ban dau
cta cac 6 ludi md phong duoc dit trong diéu kién nhiét d6 via va &p suét via (Hinh 3). Hon hop dau va khi
trong 6 lu6i dau tién s& di chuyén, thay d6i sang trang thai va thanh phan khéc. Céc tinh ton can bang vat
chat va téi han dich chuyén duoc st dung dé md phong cach thirc dich chuyén cia mot pha sang 6 ludi thi
2 nhu thé ndo. Qua trinh duoc 13p lai voi pha da dich chuyén, pha da dich chuyén tiép tuc tron I1an véi dau
tai 6 ludi thir hai @ hinh thanh hdn hop méi. Qua trinh nay lap lai trén subt quing duong di tir giéng bom
ép dén giéng khai thac thong qua md phong cua cac 6 ludi. Biém giéng bom ép va giéng khai théc chinh 1a
dau vao va dau ra cua thiét bi slimtube vai mé hinh mé phong slimtube. Véi qué trinh mé phong bién doi
lién tuc theo sudt chiéu dai cua cot slimtube va véi cac thdng sé via dugc dua vao thi s& khic phuc dugc
cac han ché cua thyc nghiém ciing nhu ¢6 thé du bao dugc chinh xac diém MMP cho mé nghién ciru voi
cac ngudn khi bom ép khac nhau va cac cip bom day khac nhau. Ciing c6 thé 1am rd duoc co ché tron Ian,
gan tron lan, khong tron 1an khi bom ép cac ngudn khi vao trong chét luu via thyc té. Thanh phan khi bom
ép duoc sir dung tir cac ngudn khi khd, khi dong hanh, khi duoc 1am giau, khi tro N2. CAc cap 4p suit bom
ép duoc thuc hién md phong tir 3.000 psia dén 8.000 psia tai nhiét do via khoang 185 °F.

M@ hinh slimtube mé phong lai thyc nghiém da dugc xay dyung va so séanh véi két qua do MMP tir thyc
nghiém. Két qua md phong cho thay hé s6 thu hdi cua md hinh slimtube thap hon so véi thuc nghiém do
nguyén nhan tir ¢6 bdo hoa diu du trong mé phong duoc lay tir diéu kién thuc té via, trong khi trén thuc
nghiém bo hoa dau du gan nhu bang 1 (Hinh 3). Khi thay d6i d6 b&o hoa dau du cua mé hinh bang d6 béo
hoa dau du trén thuc nghiém thi hé sb thu hoi caa mé hinh mé phong va thyc nghiém Ia gan bang nhau.

Diém 4 ap suét tron 1an tir md hinh mo phong khoang 5.600 psia trong khi thuc nghiém khoang 5.300 psia
v6i khi ddng hanh bom ép. D¢ léch giira két qua thuc nghiém va mé hinh mé phong slimtube khoang 5,6%
(Hinh 4). Tir cac két qua chay md phong slimtube dé xac dinh diém MMP va hiéu qua bom ép cac nguon
khi trong cac co ché tron I1an, gan tron 1an va khdng tron 13n cé thé chon lua duoc cac phuong an sir dung
ngudn khi cho bom ép khi hodc bom ép khi nu6e luan phién.
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Hinh 3. M6 phong slimtube va két qua chay cho trirong hop bom ép khi dong hanh (C1/C-Ce=2)

100 P @eerenensenes ®

20 '. MMP bang thue nghiém ‘
80

7 .
60 ...... dreee AN eeernaranane Prrnrannraans &
50 . .......... o ‘ MMP bﬁng mb phéng ‘
40 '
30
20
10
0 YV
2000 3000 4000 5000 6000 7000 8000 9000

Hé sé thu héi diu, %
*

Ap suit bom ép, Psia

Hinh 4. MMP giita thire nghiém va mé phong slimtube véi khi dong hanh bom ép

Nghién ctru di chi ra sy khac nhau gitra két qua MMP thyc nghiém vai két qua tinh toén dya trén phuong
trinh trang théi va tinh trang pha bai md hinh chat luu, két qua véi phan mém mé phong slimtube. Céac vu
diém va nhuoc diém cua cac phuong phap déu dugc danh gia chi tiét. Két qua cho thiy co ché tron 13n, gan
tron 1an va khong tron 13n caa chit luu bom ép vao trong via la hét sirc phirc tap, mdi phuong phap déu co
han ché nhat dinh. Nghién ctru di xdy dung dugc quy trinh md phong va khing dinh tinh ding din vé
phuong phéap luén, cac thuat toan tinh toan st dung phuong trinh trang thdi, hanh trang pha va mé phong
mo hinh slimtube dé xac dinh diém &p suat tron Ian va co ché ciia qua trinh bom ép véi cac ngudn khi. Qué
trinh tron 1an hoan toan chi xay ra khi bom ép trén diém MMP véi &p suét rt cao khoang trén 5.300 psia,
nén véi cac mo dang khai thac hién nay thi qua trinh chu yéu xay ra khi bom ép khi vao via & 1a qua trinh
tron 1an tirng phan.

2.3. Nghién cieu ddnh gid qud trinh trén 1dn, gan trén 1dn va khong trén 1dn véi via bdt dong nhdt cao

M® hinh slimtube d3 xac dinh duoc diém MMP va co ché tron 13n, gan tron 1an va khéng tron Ian. Véi
cac mo khai thac hién tai thi &p suat khoang 1.500-2.500 psia va déu khai thac xa bo nén ngudn khi bom
ép xuéng mo chu yéu 1a khi khai thac tai mo. Phuong phap bom ép khi hydrocarbon dong hanh va qué trinh
gan tron 1an 1a phuong phap phu hop véi mo thuc te Tuy nhién, co ché gan tron 13n VOI ty 1€ long/khi trong
chét luu phol tron ¢ diéu kién via lai phu thuge rat nhiéu vao tdc do bom ép cua giéng ciing nhu tinh bat
dong nhat glua gleng bom ép va giéng khai thac. Nén dé cd thé phan tich va danh gia chinh xac duoc co
ché gan tron 1an va hiéu qua ciia phuong phap bom é ép khi hydrocarbon vao via thi can phai mo phong trén
mé hinh mo thyc t&. M6 hinh nghlen ctru mo thyc té dugc sir dung cac thong s6 dau vao chét luu via, chat
lwu bom ép, diéu kién nhiét do-ap suat tir cac két qua nghién ctru vé hanh trang pha, mé hinh chét luu va
mé hinh mo phong slimtube. M6 hinh mé phong dwgc xay dung véi 1 giéng bom ép va 2 giéng khai thac
V6i cac tinh chét via phan b réng-thdm duoc 1y tir mé thyc té (Hinh 5). Giéng bom ép dén giéng khai théc
01 c6 do6 tham-rdng tét, voi giéng khai thac 02 thi do thim rdng rat kém.
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Phan b6 d6 thAm Phan bd d6 rong

Giéng khai thic 02

Giéng khai thic 02

Siéng khai thic Giéng bom ép
Giéng bom ép Giéng khai théc 01 Giéng khai thic 01

Hinh 5. M6 hinh mé bom ép khi gan trén lan véi tinh chdt bdt dong nhdt cao

= Hinh 6A. Hiéu qua dy dau tai céc =] P Hinh 6B. Hi¢u qua diy dau cua khi

] giéng khai théc véi tinh bat dong il ] bom ép la khi hydrocarbon, khi lam

. nhét khac nhau = ‘-“l giau va khi tro N,

o TR o "] y — >
TSy = e——— | e "“f*(“”_f'ﬁ(%\b =

Hinh 6. Hiéu qua ddy dau tinh bat dong nhdt va cdc nguon khi khéac nhau

Két qua md phong cho thay qua trinh gan tron Ian gitra cac giéng tir giéng bom ép dén giéng khai thac
xay ra khac nhau va hiéu qua day dau ciing khac nhau do dong chay, tinh bat dong nhat gitra cac giéng
(Hinh 6A). Khi tién hanh nghién ciru trén mé hinh slimtube khong thé thuc hién dwoc do mé hinh slimtube
1a m6 hinh & mirc d6 nho. P rdng, dd tham dugc dat b dinh theo trung binh via, dong chay trong mé hinh
1a don gian va khdng phai anh dugc tinh bit ddng nhat cua via chtra. Két qua mé phong mo thyc té cho
thdy vai tinh bit dong nhét cao thi qua trinh gan tron I1an xay ra kho hon va ty 1& long/khi caa hé tron 13n
trong via nho hon dan dén hiéu qua day dau cao hon. C6 mot s6 kénh dan tir giéng bom ép sang giéng khai
thac c6 hién twong “breakthrough” véi khi bom ép, khi bom ép khong tron 1an véi chit luu via ma di tryc
tiép dén giéng khai thac trong thoi gian ngan va lam tiang ty s6 khi-dau cua giéng Ién rat cao (Hinh 6B). Bé
chitng minh cho hién tugong nay, mé hinh md phong da dugc chay véi cac truong hop d6 nhay caa khi
hydrocarbon cho qua trinh gan tron Ian va khi tro N cho qua trinh khong tron 1an (Hinh 7).

Két qua mo hinh md phong trén mo hinh giéng véi céc diéu kién khai théc va tinh chat via thyc té da
chting minh hiéu qua gan tron 1an (tron 1an tieng phan) cua qua trinh bom ép khi hydrocarbon vao trong via
chura c6 &p suit bom ép va ap sudt via dudi 4p sut tron 1an téi thiéu. Khi bom ép sir dung cac nguon Khi tir
khi kho, khi tro Nz, khi CO,, khi hydrocarbon tir mo, khi hydrocarbon duge lam giau déu cho két qua gia
tang hiéu qua thu hdi dau tét hon so véi bom €ép nu6c thong thuong. Két qua mod phong ciing chirng minh
bom ép khi hydrocarbon c6 thé gia ting thu hdi dau t6t nhat so v6i bom ép khi Ny, CO,.

3. Két luan

Két qua nghién ctru duoc xay dung trén co sé ly thuyét vé md phong tir cac dit liéu caa nhiéu dy an trén
thé gioi va da budc dau &p dung thr nghiém cho mo dau khi thyuc té dang khai thac hién tai & Viét Nam.
Céc mo dau khi & Viét Nam déu c6 diéu kién khai thac xa dat lién, 6 sdu giéng khai thac 16n, via xen kep
va bat dong nhét cao, nhiét d¢ va ap suét ban dau via chira cao, tinh chat dau trung binh dén nhe ¢ ham
lugng paraffine/asphaltene cao thi giai phap bom ép khi hoac khi nuwéc luén phién 1a phu hop. Phuong phap
bom ép khi hydrocarbon trong cac via dau khi ¢ Viét Nam theo co ché gan tron 1an (tron 1an timg phan)
dugc bom ép dudi ap suat tron I1an tbi thiéu 1a kha thi vé mat kinh té. Trong qua trinh bom ép khi vao via
da xay ra dong thoi nhidu qua trinh turong tac gitra chat luu bom ép voi chit luu via, d4 via va chiu anh
huéng cua dong chay trong méi truong bat ddng nhat cao véi cac co ché tron 13n tirng phan, khéng tron 13n
V6i qua trinh khi bay hoi, qué trinh ngung tu ngung tu dan dén chat lvu & giira bé mit hai pha ciing luén
thay déi. Két qua nghién ciru da str dung céc thuat toan, phuong trinh trang thai va ky thuat mé phong céc
tuong tac va thanh phan ciu tir hydrocarbon trong hé chét luu tron 1an dé 1am rd sy thay doi trang théi pha
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ctia C4c CAu tir hydrocarbon, x4c dinh diém tron 13n tdi thiéu, su thay déi tinh chat ly hoa hé chit luu khi ap
dung giai phap bom ép khi vao trong via chira. Nghién citu ciing dé lyra chon mot mé cu thé dé ap dung thu
nghiém, str dung cac thuat todn md phong dé ching minh tinh kha thi caa phuong phéap. Cac thong sé héa
ly cia mo nhu tinh chat via chira, cong nghé moé va diéu kién moé da dugc phan tich, chon loc va dua vao
tinh toan md phong dé dy bao hiéu qua gia ting thu hdi dau cua phwong phap véi qué trinh tron I3n ting
phan va khong tron Ian. Két qua nghién ctru ciing chimg minh dugc tinh dung dén, chinh xéc khi sir dung
thuat toan md phong dé xac dinh diém p suat tron 1an tdi thiéu, lya chon nguon khi pht hop. Dong thoi,

chimg minh bom ép khi nuéc luan phién ¢ trang théi dudi ap suat t6i thiéu d6i vsi cac mo dau khi ¢ Viét
Nam |a hoan toan kha thi v& ky thuat va hiéu qua vé& mat kinh té.

Khi bit diu bom ép khi N2

Khi N2 bom ép

Bom ép khi N sau 6 thang

Khi N dén giéng khai thac

Hién tuong
breakthrough

Hién tugng
breakthrough

Qua trinh gan
tron lan

Dau dich chuyen
dén giéng

Hinh 7. Két qua ddnh gid qud trinh khéng trén lan va gan trén lan trén md hinh mé phéng
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ABSTRACT

Applying simulation model to evaluate the efficiency of enhanced oil
recovery method for oil fields during period of decline production

Hoang Long?, Trinh Viet Thang?, Le The Hung?!, Tran Thanh Phuong %, Trieu Hung Truong?®
! Vietnam Petroleum Institute
2 Petrovietnam
3 Hanoi University of Mining and Geology

In recent years, the scientists around the world have researched and applied the algorithms and simulation
models to clarify the flow mechanism or to evaluate the efficiency of enhanced oil recovery solutions for
oil and gas fields. One of the important issues of the water alternate gas solution or gas hydrocarbon
injection solution is to simulate and predict the minimum miscibility pressure and the relation between
multiphase flow of fluid system in reservoir, including the injection fluid and the reservoir fluid which was
produced from the formation and production process. With the development of computer science, this paper
will apply the algorithms, equations of state and the simulation techniques to clarify the phase transition of
hydrocarbon components and the variation of physical and chemical properties of the entire reservoir fluid
system. Beside, it also evaluates the influence of the factors which have impact on the flow relation between
oil, gas, and water phases in the different reservoir environments from homogeneous to heterogeneous. The
research result is built on the database of many projects in the world and applied to each specific reservoir
object, and moreover, it is compared with the experimental results and production practices, to ensure the
high reliability of data. The result has recently been applied for the specific oil field in Viet Nam.

Keywords: Compositional simulation; Equation of state; Equation of multiphase flow; Minimum
Miscibility Pressure - MMP.
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SUSTAINABLE DEVELOPMENT

Str dung phuong trinh ting trudng logistic dé du bao khai thac
dau khi: Ap dung nghién ctru cho tap Oligoxen C, mé Rang DPong
Bui Thi Ngan®*, Nguyén Minh Hoa', Nguyén Duy Mudil, Tran Thi Oanh?, Pham Hitu Tai?

! Truomg Pai hoc Md - Pia chat
2 Truong Dai hoc Dau khi Viét Nam

TOM TAT

Du bao Iuu Iuong khai thac caa cac giéng khoan la mot cong tac quan trong, su chinh x4c ctia né ¢6 ¥ nghia to
I6n trong cac quyét dinh quan ly va phat trién khai thac mo hop ly trong twong lai. Nhom tac gia da xay dung
mo hinh ting truéng logistic cho cac giéng khoan sir dung phuong phép binh phuong t6i thiéu dé dy béo san
luong khai thac dau. Qua qué trinh khép lich sir khai théc cho thdy sir dung mé hinh ting truéng logistic c6 do
chinh xac cao, két qua cia m hinh rat sat véi dir liéu khai théc thuc té vai sai s tuong di 13 0,89%.

Tur khoa: Dy bao luu lugng khai thdc, khap lich st khai thac, m6 hinh tang trudng logistic

1. D3t van dé

Du bao luu lwong khai théc cua cac giéng khoan 1a mot cong tac quan trong, su chinh xac cua né cé y
nghia to 16n trong cac quyét dinh quan Iy va phat trién khai thac mé hop 1y trong twong lai.

Ham Logistic da dugc gigi thiéu trong mot loat ba bai béo tir nam 1838 dén 1847 boi nha toan hoc va
nhan ching hoc ngudi Bi P.F. Verhulst dé m6 ta sy tang truong tu gidi han cua dan sb trong sinh hoc [1].
Phuong trinh nay doi khi con goi 1a Phuong trinh Verhulst-Pearl sau khi né dugc dé cap lai vao nam 1920.
Alfred J. Lotka da din ra phuong trinh 1an nita vao nam 1925, va goi n6 1a “ludt cia su ting trweng dan
$6”. Sau d6 ham tiang truong logistic da dugc ung dung trong nhiéu nganh khoa hoc khac nhau nhu sinh
hoc, héa hoc, kinh té hoc, toan hoc, dia ly,.... Trong linh vuc khai théc dau khi, sy tang truong 12 san luong
khai thac dau hozc khi tich liiy. Nhu vay ching ta cé thé 4p dung xay dung mé hinh ting truong logistic
dbi vai san lugng khai thac dau hozc khi tich liiy va dy bao san lugng khai thac dau khi trong twong lai [2].

2. Co sé ly thuyét vé phwong trinh ting truéng logictic
2.1. Phwong trinh logistic

Nhiéu vi du thuc t& da cho thdy sir dung mé hinh ting truéng logistic dé du bao dan s6 tot hon véi sai
s6 thap hon s0 VO’I phuong trinh dang mii. Tang trudng Ioglstlc mang mot s6 diém tuong dong Véi tang
truong theo cip sé nhan, & giai doan ban dau tang trudng xap xi theo cip s nhan, nhung thay vi ting ma
khong bi rang bugc, khi bit dau bdo hoa, téc do tang trudng s& cham lai thanh tuyén tinh, va giai doan cubi,
toc do tang truong s& ding lai va md hinh sé& tiém can mét gia tri hitu han.Cac mo hinh ham mii, ¢6 thé
phan anh dung thuc té trong ngan han, tuy nhién né s& khdng chinh xac néu tiép tuc trong thoi gian dai vi
ting truong theo cap s nhan khdng thé tiép tuc mai mai. Vi du mot nong dan cham chi gieo mot hat mam
vao ngay dau tién va du dinh tang gap doi so hat mam ma anh ta gieo mai ngay trong mot thang. Dén cudi
thang, anh 4y s& phai gieo hon 17 ty hat mam - mot diéu khong tuong. Pé dua ra nhitng phan tich va du
bao pht hop vai nhiéu bai ton thuc té, mot moé hinh ham mii phai bit ddu dat dén mot sé gia tri gisi han,
va sau d6 téc do tang truong budc phai cham lai. Vi 1y do nay, ngudi ta sir dung mé hinh c6 giéi han trén
thay vi mé hinh ting truéng theo cap s6 nhan - mé hinh ting truéng logistic.

Phuong trinh tang truéng logistic tong quat dugc dua ra boi Tsoularis va Wallace ¢6 dang:

dN NG
aN _ el (Y 1
=N [1 (K) ] @
Trong d6: o, B, y1a cac hé s6 duong;
N - dan so;
t - thoi gian;

r - ty 1€ tang truong;

* Tac gia lién hé
Email: buithingan@humg.edu.vn
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K - gia tri ngudng (t6i han, cuc dai) ma dan sé dat t6i khi Lim N(t) =

2.2 Ung dung mé hinh logistic dé duw béo khai thac dau khi

Trong linh vuc khai théc dau khi, su tang truong 1 san lwong khai thac dau hoac khi tich liy. Nhu vay
ching ta c6 thé tmg dung mé hinh ting truong logistic ddi véi san lugng khai théc dau hozc khi tich liy
véi cng thac:

Q) = O]

a+thn
Trong d6:
Q: san lugng khai thac tich lity;
K: san luong téi han, chinh 1a san lwong cé thé thu hdi cudi cuing;
a: hang sb;
n: hé s6 mii;
t: thoi gian khai thac.
L4y dao ham theo thoi gian cta phuong trinh (1.2) ta dugc ¢ng thic tinh lwu lwong khai thac dau hozc
khi:
dQ Knath"?!
) =3 =~ ©))

Trong d6:
g - luu luong khai thac. i
Phuong trinh (1.3) 13 truong hgp dac biét cua phuong trinh tang trudng logistic tong quat (1.1) véi:

1
r=n.(§)5;a=1—%;ﬁ=1;véy=1+%.

3. Két qua va thao luan
3.1. Hi¢n trgng khai thac dau tang chiza Oligoxen C, mé Rang Péng

Tang chira Oligoxen C mo Rang Pong hién dang duoc khai thac voi 3 giéng khoan: 3-X, 4-X va 6-X.
Giéng 4-X duoc dua vao khai thac tir thang 8/2017, luu lwong hién tai ciia giéng la 454 thang/ngay, san
lwong dau khai thac tich Iy tinh dén 31/12/2019 12 816 nghin thang. Giéng 6-X dugc dwa vao khai thac tir
thang 7/2018, luu luong hién tai cua giéng la 597 thang/ngay, san lwong dau khai thac tich liy tinh dén
31/12/2019 la 798 nghin thiing. Giéng 3-X dugc dua vao khai thac mudn nhat, tir thang 8/2018, Iuu luong
hién tai cua giéng van rét cao - 1319 thing/ngay, san luong dau khai thac tich liy tinh dén 31/12/2019 la
811 nghin thang. Hinh 1 cho thay san lugng khai thac giéng 3-X 1on nhét, trung binh 1a 1645 thiing/ngay.

6000
5000

4000
3-X
— Y

2000 —6-X

w
o
o
o

1000

San luong khai thac dau,
thung/ngay

0 200 400 600 800 1000
Thoi gian, ngay
Hinh 1. San heong khai thac dau cia céc giéng khai thac 3-X, 4-X va 6-X

3.2. Xay dung mo hinh tang truong logistic va de bao khai thac dau khi

Qua thong sé dau vao la dir lieu lich st khai thac, nhom tac gia da xay dung mo hinh Logistic sir dung
phuong phéap binh phuong t6i thiéu trong Excel. Nguoi ding s& dua vao gia tri du doan cac tham sd, sau
d6 tinh toan téng binh phuong cac sai s6 théng ke (error) gilta duong khép - chinh 1a phuong trinh Logistic
dbi véi luu lugng khai thac cua cac gleng khoan va dir liéu khai thac thuc té, sau d6 cac tham sb cua phuong
trinh Logistic s& dugc xac dinh sao cho tong binh phuong céc sai s6 théng ké 1a nho nhat. Céc thong 50 cua
mo hinh duoc x4c dinh dua trén thuat toan téi wu, do vy mé hinh ting trudng logistic cé tinh thuc té cao
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hon so v6i md hinh Arps truyén théng [3].

Két qua khop lich sir khai thac thuc té vai két qua tinh toan tir mo hinh logistic cua 3 giéng khoan dugc
thé hién trén Hinh 2 dén Hinh 4.

Két qua so sénh téng san luong khai thac cong don caa tang chira Oligoxen C dugc thé hién trong Bang
1, sai s6 tuyét ddi 1a 21.6 nghin tan, sai sb tuyét déi trung binh céc giéng khoan 1a 9.6 nghin tan, sai sb
tuong ddi 12 0,89% va sai s6 twong dbi trung binh céc giéng khoan 13 0,40%. Diéu nay ching té mé hinh
logistic diing dé tinh toan cho d¢ chinh xéc cao. Vi vay, nhém tac gia sir dung mo hinh logistic da xay dung
dé dy bao san lugng khai thac cho céc giéng khoan trong 1 ndm tiép theo.

Két qua du bao (Hinh 2 dén Hinh 4) cho thay, sau 365 ngay khai thac tiép theo:

- Giéng khoan 3-X: san luong khai thac giam tir 1319 thung/ngay xudng con 474 thing/ngay, twong
g giam 64%; luong dau khai thac thém dugc trong nam tiép theo 1a 245 nghin thing.

- Giéng khoan 4-X: san lugng khai thac giam tir 454 thing/ngay xudng con 285 thung/ngay, twong ng
giam 37%; lwong dau khai thac thém duoc trong nam tiép theo 1a 136 nghin thang.

- Giéng khoan 6-X: san lugng khai thac giam tir 597 thing/ngay xudng con 158 thung/ngay, twong ng
giam 74%; lwong dau khai thac thém duoc trong nam tiép theo 1a 66 nghin thuing.

- Tang chira Oligoxen C: san lwong khai thac giam tir 2370 thung/ngay xudng con 917 thung/ngay,
tuong tng giam 61%; luong dau khai thac thém duoc trong nam tiép theo 1a 447 nghin thiing.
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Hinh 2. Két qua khép lich sir khai thac giéng khoan 3-X véi md hinh logistic va du bao khai thac
(Cha thich: LLKT - luu luong khai thac, SLKT - san luong khai thac, LLKT LMG: luu lwong khai thac
tinh to&n theo mé hinh logistic, SLKT tich liy LMG: san luong khai thdc tich lity tinh todn theo mé hinh
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Hinh 3. Két qua khop lich sir khai thac giéng khoan 4-X véi mé hinh logistic va dir béo khai thac
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Hinh 4. Két qua khop lich si khai thac giéng khoan 6-X véi mé hinh logistic va du bao khai thac

Bang 1. So sanh két qua tinh toan san heong khai thac tich liiy ciia md hinh logistic (LGM) va dé liéu

thuc té
Thuc té, nghin LGM, nghin Sai s6 tuyét doi, Sai sé tuong
thung thung nghin thung doi, %
GK 3-X 811.206 808.392 2.813 0.35
GK 4-X 815.896 819.535 3.639 0.45
GK 6-X 797.681 775.266 22.415 2.81
Tong 2424.783 2403.193 21.590 0.89

Nhu vay, theo két qua du béo, giéng 6-X suy giam manh nhat (giam 74%) va luu luong dy bao ciing 1a
thap nhat (158 thung/ngay), mac du theo s6 li¢u khai thac thuc té dén ngay 31/9/2019 luu luong khai thac
cua giéng 6-X cao hon gleng 4-X, con giéng 4-X suy giam it nhat (giam 37%), va gleng 3-X van dat luu
lwong khai thac cao nhat. Theo nhém tac gid, voi téc d6 suy giam nhu hién tai, néu giéng 6-X khong dugc
ap dung cac bién phap duy tri ap suat via d¢ gia tang san luong khai thac dau thi thoi gian khai thac con lai
cua giéng khdng con nhiéu va giéng s& som phai dong vi 1y do kinh té (gleng sé giam luu luong téi 100
thting/ngay sau 20 thang tiép theo va luu Iugng 50 thing/ngay sau 36 thang tiép theo).

4. Két luan

Bai bao di dwa ra két qua du bao luu lwong khai théc cho céc giéng khoan bang mé hinh logistic voi do
chinh xéc cao khi sai sé twong @i chi 0,89%. Dy béo luu lwong khai thac dau cua ting chira Oligoxen C
sau 365 ngay suy giam 61% so v&i ban dau va luong dau khai thac thém duogc trong nam tiép theo 13 447
nghin thiing. Cho dén thai diém hién tai, cac giéng khoan tiép tuc dwoc khai thac, véi céc sb liéu khai thac
thuc té thu duoc tiép theo, c6 thé tién hanh xay dung mé hinh logistic véi do tin ciy cao dé dy bo khai
thac dai han hon.
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ABSTRACT

Forecasting production using logistic growth model: Case study for
Oligocene C Sequence, Rang Dong field

Bui Thi Ngan?, Nguyen Minh Hoa?, Nguyen Duy Muoi?, Tran Thi Oanh? Pham Huu Tai?
1 Hanoi University of Mining and Geology
2 Petrovietnam University

The production forecasting of the wells is an important task, its accuracy has great significance in the future
management decisions and development of the field. The authors have built the logistic growth model using
the least squares method to forecast oil production. Through the history matching process, the logistic
growth model returns high accuracy, the results of the model are very close to the actual production data
with the relative error is 0.89%.

Keywords: History matching process; logistic growth model; production forecasting.
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Ung dung ning lwong mit troi dé tang cuong thu hoi dau

Tran Thi Oanh®*, Lé Ngoc Anh?, Bui Thi Ngan2, Nguyén Duy Mudi?,
Pham Bao Ngoc!, Dodn Ngoc San !, Nguyén Thi Hai Ha%, D6 Thi Thay Linh *
! Truong Pai hoc Dau khi Viét Nam
2 Truong Pai hoc M6 - Pia chdt

TOM TAT

Ning luong mat troi da duoc biét dén 1a ¢d nhiéu ung (dung trong cugc song ngay nay. Trong linh vuc dau
khi, str dung nang lwong mat troi dé ting cudng thu hdi dau trong cac mo dau dang ngay cang tr¢ nén phd
blen va dugc ap dung ¢ nhiéu noi trén thé gidi. Bai bao trinh bay téng quan vé ung dung cua nang luong
mat troi trong cac du 4n tang cuong thu hdi dau. Pay la phuong phép mang lai nhiéu wu diém nhu: giam
lwong khi phét thai vao méi trudng, giam thiéu chi phi san xuit, nang cao an toan trong qua trinh thuc hién.
Tuy nhién, nhugce diém cua phuong phap nay 1a chi c¢6 thé 4p dung cho cac mo dau ¢ trong dit lién, dé
thuan tién cho qua trinh van hanh va tan dung t6i da cac loi ich kinh té mang lai tir nang luvgng mat troi.
Viét Nam 1a nuéce 6 tiém nang 16n vé ning luong mat troi nhung cac moé dau lai chi yéu nam ngoai khoi
nén kha niang ap dung phuong nay 1a khong kha thi. Tuy nhién, cac tac gia dé xuat can cé nhiéu nghién cau
hon nita cho phuong phap nay dé ¢ thé 4p dung cho cac mo dau mai cia Viét Nam trong tuong lai.

Tir khoa: Nang lwong mit troi; ting cuong thu hdi dau; wu nhuoc diém.

1. Pit van dé

Hién nay, nhu cau tiéu thy dau khi trén toan thé gidi ngdy cang gia tang, diéu nay thuc day cac cong ty
dau khi can nghlen ctru va tim kiém cac phuong thuc tiét kiém dé san xuat cac nguon dau mo truyén thong
cling nhu phi truyén thong Dic biét, v6i sy phét trién caa khoa hoc va ky thuat hién dai ngay nay, thi cac
nguon tai nguyén phi truyén théng nhu “dau nang- heavy oil”, “dau cat-tar sand” va “da phién dau- oil
shale” ngay cang duoc quan tdm va nghién ciru nhidu hon. Hon nita, do tac déng ciia con ngudi trong qua
trinh khai thac d6i voi bién doi khi hau ngay cang tré nén nghiém trong thi cac cong ty san xuat dau khi
can phai tim ra cac phuong phép bén vimg hon dé khai thac cac ngudn tai nguyén quy bau nay.

Mot cach tiép can nhan dugc nhiéu sy quan tm trong nhimg nam gan day 1a sir dung nang luong mat
troi dé hd tro khai théc dau khi, cu thé I1a tng dung ning lwong nhiét mat troi dé ting cuong thu hdi dau
(Solar EOR). Pay duoc coi 1a mot phuong phéap hitu hiéu nhat hién nay trong nhom phwong phéap thu hoi
dau ting cuong bai nhiét (TEOR). Phuong phap nay st dung céc tim guong dé thu nhan &nh sang mit troi
tap trung tai bo thu nang lwong 1am néng nudc VA tao ra hoi nude. Hoi nudc s& duge bom vao giéng khoan
t6i via chira dau dé 1am giam d6 nhét cua dau niang va tao diéu kién thuan lgi cho dong chay d& dang di
chuyén hon. Tang cudng thu hdi dau bang nang lugng mat dang ching to 1a mot giai phap thay thé kha thi
cho viéc san xuit hoi nudc bang cac phuong phap truyén théng khac. Trén thyc té, Solar EOR c6 thé cung
cip t6i 80% nhu cau hoi nude hang nam ciia cAc moé bang cach bom hoi nuéce tao ra tir niang lwong mit troi
trong nhitng gio 6 néng va giam lwong hoi ddt bang khi d6t vao ban dém hodc khi thai tiét it ning hon.
Phuong phap Solar EOR nay sé& thay thé mot luong I6n khi tiéu thu ma khong anh huéng dén san lugng
dau ciing nhu giam luong phét thai CO, vao méi truong (A.P.G. Van Heel, 2010).

2. Co sé ly thuyét ciia phwong phap

C6 nhiéu loai _phuong phép k¥ thuat st dung nang luong mit troi dé tao ra hoi nude sir dung trong tang
cuong thu hoi dau, nhung hién nay, méi chi c6 hai loai dugc trién khai va sir dung trong cac mé dau trén
thé giGi d6 1a: Thap nang lugng (Power tower) va Méang khép kin (Enclosed trough)

Ky thuat “Power tower” ban dau dugc thiét ké dé san xut dién. Phuong phép nay s& lap dat mot he
thong hang ngan cac guong phang (heliostats) cd thé quay dé thu nhan anh sang mat troi t6i bo thu trung
tam (central receiver) gan trén dinh thap. Phia trén dinh thap s& dat mot budng hoi c6 chira diy nudc, ning
lwong mit troi s& phan chiéu vao budng hoi lam nong nudc chira bén trong va tao ra hoi nuéce, hoi nuéc

* Tac gia lién hé
Email: oanhtran@pvu.edu.vn
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nay s& dugc st dung dé lam quay tua bin va tao ra dién. Trong cac cong ty khai théc dau khi, nguoi ta s&
dirng lai & qué trinh tao ra hoi nuéc va st dung ching dé dua vao cac hé théng phan phéi va bom dén cac
giéng khoan dé ti via chira dau. Ky thuat nay da duoc sir dung thanh cong dé ting san luong dau thd tai
mo Coalinga, California do Chevron Technology Ventures va Bright Source hgp tac thuc hién (Hinh 1).
Dy 4n nay lp dat 7.600 chiéc guong trén khu dat rong khoang 100 mau Anh (=4047m?), c4c tAm guong
nay duoc gan vao mot cot thép dai 6foot (1,83m), budng hoi duoc dit trén thap ning luong cao 327foot
(99,7m) dé thu nhan nang lugng mét troi (Brightsource, 2011) vatao ra hoi nu6C ¢ nhict do va 4p suat cao
(400°C va 2500psi). Pé tiét kiém nudc sir dung trong qua trinh san xut, hoi nude sau dé dwoc 1am lanh va
tuin hoan trong mot hé théng khép kin. Dy én nay dugc déanh gi la la dy an thu nghiém thanh cong voi
Viéc tao thanh hoi nuéc 6 cong Suat 29 MW trong 3 nam va ching to6 nang lugng nhiét mat troi co thé ung
dung hiéu qua trong viéc ting cudng thu hdi dau.

Hinh 1. Thdap ndng lrong tai mé dau Coalinga, California (Bright Source)

Ky thuat “Enclosed trough” 1a mot cach tiép can mai trong linh vuyc thiét ké va thu nhan niang luong
mit troi. Khac véi cong nghé “Power tower” thay vi sir dung cac tim guong phang I6n thi phuong phap
hap nay str dung cac guong cong va lap dat bén trong nha kinh. Véc lap cac cac guong nay phia trong nha
kinh nham ngan chan sy tich tu cia bui ban va cat va han ché sy that thoat nhiét do gi6 nham ting hiéu qua
cua Viéc tao ra nhiét tir nang luong mat troi. Cong nghé Enclosed trough st dung bo thu 1 cac dng thép
dugc lap dat cé dinh bén trong nha kinh. Hé théng giam sat va dinh vi cac guong sé hiéu chinh dé thu nhan
va tap trung &nh sdng mit troi vao bo thu. Nudc chira bén trong bo thu sé duoc Iam néng va tao ra hoi nudc
ma khong can bo chuyén doi nhiét, tiép dén 1a hoi nudc s& duoc dura truc tiép vao mang lugi phan phéi hién
c6 cua mo, tai d6 hoi nudc sé lién tuc duge bom vao cac via chira dau (Hinh 2). Ky thuat nay duoc phét
minh bai cong ty Glass Point Solar (B. Biermana, 2013) trong du &n thir nghiém ting cuong thu hoi dau
cho mo dau tai South Oman (Hinh 3) va dugc dua vao ap dung cho nhiéu moé dau trén thé gisi va mang lai
hiéu qua trong viéc ting cuong thu hdi dau. Dy an nay dugc xay dung thi diém véi khoang dién tich 1a
17.280m2véi cong suat cuc dai 1én téi hon 7 MW nhiét, tao ra duoc 80% hoi nudc & 4p suat 1450psi . Dé
duy tri bom hoi dugc lién tuc, ban ngay sé bom hoi nudc dugc tao ra tir mat troi va ban dém s& bom hoi
nudc bai dot khi tu nhién (Hinh 4). Néu toc d6 bom hoi nudc 6n dinh thi lwong khi tiéu thu ¢é thé giam tai
25%, hodc tién hanh bom nhiéu vao ban ngay va bom it hon vao ban dém thi luwong khi tiéu thu c6 thé giam
tGi 80% va két qua 1a s& giam dang ké luong khi phét thai ra méi trudng ciing nhu tiét kiém chi phi san xuit
(B. Bierman, 2013).
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Hinh 2. Hé thong Enclosed trough EOR (Glasspoint)
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Hinh 3. Nha mdy thi diém GlassPoint, South Oman (B. Biermana)
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Hinh 4. Quy trinh bom hoi tang cirong thu héi dau (Glasspoint)

3. Thao lugn
3.1. Uu diém ciia phwong phap Solar EOR

Thir nhét, Solar EOR 1a phuong phap giip tiét kiém chi phi san Xuit hon so véi phuong phap truyén
thong (hoi nudc tao ra do dét khi thién nhién hozc than). Dé san xuét ra lugng hoi nudc 16n ¢6 thé phuc vu
nhu cau ting cudng thu hdi dau cia cia cac mo dau s& doi hoi lugng nhién ligu khi d6t khong 15. Theo du
bao tir cc chuyén gia thi cac hoat dong EOR hién tai trén toan thé gi6i tiéu thy hon 1,7 ty mmBTU khi tu
nhién mdi nam (Moritis, 2010). Do d6, viéc thay bang hoi nudc duoc tao ra tir nang lwong mat troi s& giai
quyét dugc hai van dé la khan hiém niang lugng va tiét kiém kinh phi xay lap (T.Anderson; 2014). Cac
nghién ciru dé chi ra rang trong tat ca cac cong nghé khac TEOR, c6ng nghé “Enclosed trough” dwoc phét
trién gan day mang lai hiéu qua dang ké dé tao hoi nudc truc tiép cho cac hoat déng EOR. Nhu da dé cap
& trén Solar EOR c6 thé giam dén 80% lwong khi duoc tiéu thu, do d6 giup tiét kiém dang ké chi phi luu
trir nang lugng nhiét va c6 thé giam téi 50% téng chi phi trong toan bo qué trinh van hanh thong thuong
(Peter Jenkins, 2019). Cong nghé nay c6 thé dwoc thuc hién nhd viéc tan dung cac nha kinh c6 san trén
toan thé giéi da duoc lap dit véi muc dich san xuat ndng nghiép, do d6 nha cung cip chi can dau tu kinh
phi cho viéc mua sam va lap dat cac phan con lai cua hé théng nhu b thu nang lugng (kinh va éng dan
thép) ciing nhu 1a hé thdng mang rira va hé thong xur 1y khong khi. Diéu d6 c6 nghia 1a s& lam giam dang
ké tong chi phi xay dung va lap dat cua hé thong ning lugng mit troi véi muyc dich ting cudng thu hdi dau
(B. Bierman, 2013). Sy xam nhap cua bui béan, cat da dwoc giam thiéu dang ké bai hé thong loc khong khi
(giam 12- 30% mbi tuan), bén canh d6 hé théng nha kinh ciing gitip giam thiéu luvong nhiét that thoat ra
bén ngoai (Peter Jenkins, 2019).

Thir hai, Solar EOR duoc kiém chimg 1a mot phuwong phap dam bao an toan trong qua trinh khai thac
thu hoi dau. Trong moi truong khai thac dau mo, cac yéu to nhu cat, bui va do 4m sé& tao thanh I6p bun bam
trén bé mat, diéu nay gay anh huong téi hidu qua cua qua trinh tao nhiét. Cong nghé “Enclose trough” trang
bi mot hé thng ria ty dong duoc lip dat phia trén mai cua nha kinh, ching c6 kha niang lam sach toan b
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bui ban trén bé mat. Phan 16n nudc nay sé duoc thu hoi va tai sir dung. Bén canh do, trong lugng cua bo
thu thap, lap dat don gian, an toan, day dugc coi la diém ndi troi hon so véi kS/ thuat “thap nang luong”.
Hoi nuéc duoc tao ra truc tiép trong dicu kign ap suat cao s& khac phuc duogc céc yéu to rui ro lién quan toi
Chay nd do bo chuyén ddi nhiét hoac do hé thong luu trit va didu hoa chit luu. Céac thiét ké ciing loai bo
nhiéu nguy hiém thuong gap khi str dung céc thiét bi nang cao trong qua trinh lip rap hozc di chuyén thiét
bi I&n trén cao. Ngoai ra, cac hoat dong bao tri bao dudng ciing dwoc tién hanh vao ban dém khi nhiét do
da xuéng thap thay vi ban ngay (T= 40-45°C) va khi d6 h¢ thong s& khong diéu ép, diéu nay gidp giam
dang ké céc rai ro ¢d thé gap phai cho cong nhan trong qua trinh lam viéc (B. Bierman, 2013).

Tht ba, Solar EOR la mot giai phap t6i wu gidp bao vé moi truong. Theo két qua nghién cau cua Adam
R Brandt va Stephan vé cua viéc tng dung TEOR tai cAc mo déu tai Calofornia, lwong khi CO, phat thai ra
moi truong do duoc trong khoang tir ~105 dén 120 g CO, / MJ khi sir dung d6t khi ty nhién dé tao ra hoi
nudéc, néu thay thé khi tu nhién bang than thi lugng phét thai CO, ra méi truong ~70-120 g CO, / MJ. Sy
phat minh cta Solar EOR d4 mang lai mot sy thay doi dang ké cho mdi trudng d6 1a giam luong nito oxit
va carbon dioxit trong khi quyén nhu cac c6ng nghé théng thuong do quy trinh tao hoi nuéc cia Solar EOR
12 qud trinh khong phat thai. Solar EOR dugc chitng minh [a mot phwong phap vugt tri so véi cac phuong
phép truyén théng do c6 thé giam phéat thai xudng chi con 0,1 g CO2 / MJ vao mai trudng trong qué trinh
thuc hién EOR (Peter Jenkins 2019; Sandler, J.2014; Brandt, 2010).

3.2. Han ché ciia phwong phdp

Théng thudng, cc nha may nhiét nang mit troi dugc dat tai cc ving c6 khi hau 4m &p va c6 buc xa
mit troi cao.Viéc ap dung cong nghé ning luong mat troi dé san xuét hoi nudc trong thu hdi dau ting cudng
da duogc thuc hién ¢ nhiéu noi trén thé gisi. Vi du, tai Amal, Oman, nha may san xuit ning luong mit troi
tao ra hoi nuwéc theo cong nghé Enclosed trough (2013) va tai California theo cong nghé Power center da
hoat dong tir 2011 dén 2014. Gan day nhat, 1a nha may nhiét mat troi duoc xay dung tai Libya, North Africa
(Peter Jenkins, 2019) (Hinh 4). Pay 1a khu vuc c6 88% dién tich 1anh tho 1a sa mac va c6 lugng birc xa mat
troi ty nhién thay d6i trong mot nam tir 1900 kWh / m? (mién Bic) dén 2800 kWh / m? (mién Dong Nam)
(Kaygusuz, K. 2011). Céc nghién ctru ciing chi ra rang xay dung cac nha may nang luong mit troi chi cd
thé mang lai hiéu qua kinh té khi dugc ap dung ¢ nhiing viing ¢ birc xa mit troi trong mot nam trén 1800
kKW/m2. Do d6 khong phai tai bat cr dau trén thé giéi c6 thé &p dung phwong phéap nay dé gia ting san
lwong dau mo.

Méc di Solar EOR mang lai nhiéu loi ich vé kinh té nhu giam thicu chi phi thiét bi, may méc va nhan
cong nhung phuong phép nay van khong hoan toan duoc cac cong ty dau khi khuyén khich chon Iya trong
giai doan ting cuong thu hdi cua céc mo dau. Do lgi ich kinh té tir viéc wng dung nang lugng mat troi 1a
trong thoi gian dai han, tuy nhién mot s6 du an dau khi thi nguoc lai. Dac thd cia nganh cong nghiép dau
khi 1a mot nganh nghé day bién dong, nén viéc dau tu mot khoan tién khong 16 dé xay dung cac nha may
ndng luong mat troi phuc vu cho tang cuong thu hdi dau trong thoi gian ngan la khong kha thi vé mat tai
chinh. Tuy nhién néu so sanh gitra chi phi ldp dat va xay dung mot nha may nang luong mit troi véi chi
phi thu dugc tir viéc san xuat dau thi cac cong ty ciing can xem xét va can nhic dé lya chon phuong an phi
hop.

3.3 Tiém ndng iing dung Solar EOR trong cac mé ddu tgi Viét Nam
Hiéu qua ciia mot dy 4n tang cuong thu hoi dau phu thugc vao rat nhiéu yéu t nhu vi tri mo, do sau tang
san pham dic tinh chit luu, thanh phan dit d4 va sy lién thong cua céc giéng. cac yeu to vé kinh té nhu:
gia dau, chi phi dau tu thiét bi cling nhu cac rui trong qua trinh khai thac ciing 13 cac yéu té quan trong can
phai dugc tinh todn va xem xét (Phan Vil Anh, 2018). Do do6 dé dam bao thanh cong cua mot du én tang
cuong thu hoi dau can ¢ cac nghién ctiu tong hop Ve k¥ thuat va kinh té dé lya chon cac giai phap pht hop
va hiéu qua. Tap chi Dau khi Viét Nam da c6 mot $0 riéng duoc Xuit ban dé phan tich vé van dé nay Trong
TCDK s6 8/ 2018 da c6 nhiéu bai viét dua ra cac ¥ kién cta cac chuyén gia trong linh vuc EOR Vvé viéc ap
dung va lya chon cac phuong phap tang cuong thu hoi dau tai cac mo khai thac caa Viét Nam. Cac phuong
phap pho bién duoc sir dung ¢ Viét Nam bao gom: céc phuong phap nhiét, héa hoc, khi hodc vi khuan. Nhu
da phan tich uu diém cua phuong phép Solar EOR vé hiéu qua vé kinh té 1An moi truong cung nhu tinh kha
thi khi ap dung ¢ cac mo I6n trén thé gidi, nhung tai Viét Nam van chwa c6 nghién ctru ndo vé giai phép
nay mac du tiém nang vé nang lugng mit troi caa Viét Nam 14 rat 16n.

Theo tai liéu khao sat lvgng bac xa mat troi trong ca nude thi trung binh trong mét ngay dao dong tir
3,69 - 5,9 kW/h/m?, twong duong voi lugng birc xa mét troi trong nam s& dao dong trong khoang tir 6000-
10030 kW/m? tai mién Béc va 7380- 15340 kW/m? tai mién Nam. Nhu vay, tiém nang tir cac nha may
nang lugng mat troi tai Viét Nam la dang ké, tuy nhién viéc tmg dung ngudn ning lwong nhiét nay dé tao
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ra hoi nudc va bom vao cic giéng khoan dé ting cuong thu hoi dau thi chwa duoc nghién ctiu cu thé va
danh gia chi tiét. Nguyén nhan chinh c6 thé do cac moé dau caa Viét Nam cha yéu nam 6 ngoai khoi thém
luc dia Viét Nam, trong khi d6 cac mé dau c6 &p dung phuong phép Solar EOR thi lai 4p dung cho cac mo
& trén dat lién. Cac du an dau khi trén bién c6 khong gian bi han ché va co thoi tiét khic nghiét, anh huong
rat 16n dén quéa trinh trién khai du 4n EOR, gia tang chi phi ddu tu hé théng thiét bi cong nghiép. Viéc lua
chon giai phap EOR pht hop véi timg mo khéng chi tinh dén higu qua vé tang san lugng dau ma con phai
tinh dén kha ning tuong thich ctia hé thong thiét bi hién co cling nhur téi wu hoa chi phi dau tu (Phan Ngoc
Trung, 2018). Do d6 viéc trién khai Solar EOR cho cac mo dau tai Viét Nam la khong kha thi. Déi tugng
ap dung phuong phap Solar EOR thuong la cac via chua phi truyén thong vi du nhu via dau cét (oil sand)
nhung dau lai ¢ dang bitum, c&c via nay c6 do tham thap, nam & d6 sau khoang 25m (Peter Jenkins, 2019).
Trong khi d6, cic mé dau cta nudc ta nam & do sau 16n va cac via thuong co nhiét do va ap suat cao thi
giai phap phi nhat van 13 4p dung bom ép khi va hoa chét dé ting cuong thu hdi dau. Ngoai ra, chi phi khai
thac du bang giai phap tang cudng thu hdi dau cao hon nhiéu so vai khai théc dau theo phuwong phép truyén
thong, trong thoi diém gia dau bién dong 1én xudng nhu hién nay thi khé cé thé 4p dung céc giai phap ting
cuong thu hdi dau béi san lwong c6 thém ciing khong bu dwgc cac chi phi bo ra dé dau tu trang thiét bi Iip
dat va hda pham (Nguyén Hiu Trung, 2018).

4. Két luan

Tang cuong thu hol dau bang nang lugng mat troi dang ngay cang dugc quan tam va da dugc trlen khai
thanh cong tai mot s6 mo dau 16n trén thé gidi. Phuong phap nay mang lai cac giai phap hiéu qua vé moi
truong, kinh té va an toan trong qua trinh trién khai EOR.

Bén canh nhimg wu diém vuot troi thi phwong phap nay ciing ¢6 nhiing han ché lién quan toi dia diém
thuc hién trién khai va lap dat cac hé théng nang lugng mat troi phai dam bao thu nhan dugc lugng bic xa
mit troi toi thicu la 1800 kW/m2, thuong la nhitng khu vue c6 vi 9 trung binh- cao. Déi twong ap dung
trong phuong phéap nay thuong la da chua phi truyén thong, ¢ do tham thap.

Mac du Viét Nam dugc danh gia 1a co tiém nang 16n vé& nang luong mat troi nhung cac mo dau tidm
ning ctia Viét Nam chu yéu nim ngoai khoi, nén viéc 4p dung phwong phap Solar EOR 1a khong kha thi.
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ABSTRACT
Application of solar ennergy to ennhance oil recovery

Tran Thi Oanh'*, Le Ngoc Anh?, Bui Thi Ngan?, Nguyen Duy Muoi?,
Pham Bao Ngoc?, Doan Ngoc San?, Nguyen Thi Hai Ha®, Do Thi Thuy Linh?
! Petrovietnam University
2 Hanoi University of Mining and Geology

Nowadays, solar energy has been renowned for its numerous applications in real life. In the oil and gas
industry, the use of solar energy in enhanced oil recovery is becoming increasingly popular and applying
in some areas in the world. This paper presents an overview of the application of solar energy in a number
of oil recovery improvement projects. This is a technique that brings considerable advantages such as:
reducing emissions into the environment, minimizing production costs, improving safety in the
implementation process. On the other hand, its disadvantage is that this method can only be applied to
onshore oil fields, in order to facilitate the operation and make the most of the economic benefits from solar
energy. Vietnam is a country with enormous potential for solar energy but the oil fields are mainly located
offshore, therefore the possibility of applying this method is not readily feasible at the moment. However,
the authors suggest that more studies are needed for the technique to be applicable to new oil fields in
Vietnam in the future.

Keywords: Benefit and drawback; enhanced oil recovery; solar energy.
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Giai phap téi wu thiét bi 10ng giéng nham ngin ngira va kiém soat cat
gieng ngoc hien - 1P mo Song boc, bé Malay Thé Chu
Tran Anh Quan®*, Nguyen Hai An!, Nguyén Thé Vinh?, Nguyén Tién Hung?

Téng Cong ty tham do Khai thac Dau khi
2Trirong Pai hoc M6 - Pja chadt

TOM TAT

Ngoc Hien 1P (NH - 1P) 1a mét trong 11 giéng khai théc dau thuoc mo Song Déc. Giéng duoc dua vao khai
thac ban dau 1a giéng hoan thién don, duoc tram xi mang va bin mé via san pham tai cap dng chéng 77
Giai doan dau, do céc dy béo khong chinh xac nén cac bién phap kiém soat cat khi dura giéng vao khai thac
da khong duoc sir dung. Sau mét thoi gian ngén dwa vao khai thac, cat bat dau xuét hién trong chét luu khai
thac va ham lugng c6 xu hudng ting rat nhanh, din dén phai dong giéng tam thoi. Mot vai nghién ctu cai
tién bo thiét bi long giéng nham kiém soat cat da dwoc thyc hién, tuy nhién chua dat duoc higu qud cao.
Trong bai viét nay, nhém tac gia da stir dung phuong phap nghién ctu ly thuyét vé kiém soét cat két hop
Vi nhiing tinh toan dua vao cac s liéu thuc té dé dé xuat nhitng giai phap cu thé nham ngan ngira va kiém
soat cat cho giéng NH-1P mo Song Déc.

Tir khéa: Kiém soat cét; thiét bi long giéng; bé Malay - Thé Chu.

1. Pit véan dé

L6 46/13 nam ngoai khoi thém luc dia Tay-Nam Viét Nam, phia Bic caa khu vuc khai thac chung PM-
3 CAA, cach miii Ca Mau 205 km vé phia Nam va cach mo Bunga Kekwa 15km vé huéng Tay-Bic. Hién
tai tai mo Song Doc ¢6 11 giéng dang khai thac dau trong cc dia ting Mioxen va Oligoxen voi dé chira la
cac tap cat két. Trong do, gleng NH-1P) dang khai thac dau trong tap 1-50 tudi Mioxen sém v&i dat da chi
yeu la cat két ddng bang ven bién, sét két va I6p than mong xen kep. C4c tap cat két dang nay c6 d6 day tur
5 dén 25 m v&i d6 rdng trung binh khoang 22 - 26%, c6 dic tinh bé roi va muie do gin két yéu, c6 nguy co
cat xam nhap vao giéng khai thac. Viéc thu thap cac thong tin dir liéu vé dia chat, dia vat Iy, cong nghé mé
trong khu vyc gap nhiéu tré ngai, kho c6 thé dura ra phuong an hoan thién giéng khai thac tét nhat, dan dén
trinh trang cat xam nhap vao trong chit luu khai thac, ham lugng cét c6 xu huéng tang nhanh va phai dong
giéng tam thoi. Vi vy, viéc phan tich, tinh toan nham dwa ra cac giai phép cu the ngén ngura va kiém soéat
cat cho giéng NH - 1P mo Song Béc, bé Malay - Thé Chu mang tinh thoi sy va cap thiét.

2. Co s ly thuyét va phwong phap nghién ciru

Mot vai nghién ciru da duoc thuc hign nham kiém soat cat cho céc giéng tai mo Song Doc (Helix Energy
Solution, 2006; Cong ty diéu hanh chung Truong Son, 2009), trong do, co thé ké dén phuong phap chén
soi trong éng Chong Viéc thiét ké soi chén da duoc thyc hién bang phuong phap sang va dua trén két qua
phan tich dudng cong phan bé kich thudc hat. Sau khi phan tich, tinh toan va dua trén diéu kién thuc té
luéi loc kich thuée 1,9” da duoc lya chon. Tuy nhién, do ludi loc va so6i chén khong twong thich, d6 day
cua l6p soi khong du dé ngdn ngura cac hat cat xam nhap nén phuong 4n nay da duoc loai bo.

Sau nay, phuong an bin mé via lai va chen soi vao cac kénh dan da dwoc dé xuat. Ban dau, quy trinh
dugc dé xuét bao gom cac budc: 1am sach gleng bang ong cudn, bin mé via lai, bom chén soi. Tuy nhién,
trong qué trinh thyc hién, sau khi lam sach giéng bang ong cudn, nhan thay cac nut cat da duoc giai phdng
va dong chét Iuu xuat hién tro lai nén chi thuc hién ban ma via lai va diéu chinh ché do dong chay hop Iy
nham kiém soat cat ma khong tién hanh cheén soi. Sau mot vai thang, cat bat dau xam nhap tro lai, san luong
khai thac cua giéng giam manh (Hinh 1). Llc nay,viéc nghién ctiu lai cic phuong phap dé kiém soat cat
cho giéng NH - 1P trong d6 c6 phuong 4n chén so6i nham dua ra phuwong 4n t6i uu 1a hét stc can thiét. Trén
co s& d6 nhom tac gia da nghién ctru danh gia va dé xuat bién phap va phuong an thi cong kiém soat cat
cho giéng NH - 1P.

*Tac gid lién h¢
Email: quanta@pvep.com.vn
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Hinh 1. San lirong khai thac cia giéng NH - 1P theo thoi gian

Cheén so6i 1a phuong phap phé bién dwoc st dung trong viéc ngin ngira va kiém soét cat. Theo nghién
ctru ctia Saucier, kich thude toi wu cta soi chén va 13 caa luéi loc duge xac dinh lan luot 12 6,0 va 1,5 1an
kich thudc caa cac hat min tir thanh hé (R.J Saucier, 1974). Véi cac két qua thu duoc tir viéc phan tich mau
dét da va cat cua giéng NH - 1P, nhém téc gia tién hanh lya chon kich thuéc so6i chén thuong mai ¢6 sin
trén thi trudng phu hop (Bang 1) (Heriot Watts’s Petroleum Institue, 2015) Trong d6, wu tién lwa chon kich
thudc soi chén thuong mai gan véi can dudi caa két qua tinh todn va tao ra khe ha hop ly nham tranh hién
tuong bit nhét (Hinh 2).

Bang 1. Cdc kich thude ledi loc, s6i chén thirong mai Va cac thong sé di kem

Grain Median Median Gravel Recommended
U.S. Mesh Diameter Range | Grain Diameter | Grain Diameter Permeability Screen
Size Range {inches) {inches) {microns) (darcies) Gauge
6-10 1320 - .0787 .1054 2677 2703 50
B8-12 .0937 -.0661 .079% 2029 1969 40
10-20 .0787 - .0331 .0559 1420 652 20
12-20 .0661 - .0331 .0496 1260 518 20
| 16-25 | .0463-.0280 .0388 986 391 18
16-30 .0469 - .0232 .0351 892 398 16
20-40 .0331 - .0165 .0248 630 136 10
30-40 .0232 - .0165 .0199 505 138 10
30-50 .0232 - .0117 .0175 445 100 8
40-60 .0165 - .0098 .0132 335 61 6
50-70 .0117 - .0083 .0100 254 32 6

(Ghi cha: screen gauge - kich thieéc 16 loc ciia hedi loc thwong mai; size range - kich thuéc cua lé sang;
diameter range - duong kinh cia séi chen; granvel permeability - d¢ tham cua l6p séi chén va luéi loc)

20/40 gravel

D/d=6.5

D5, =630 microns

Hinh 2. Md hinh cét bit nhét 16 rong tao béi soi chén
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Nguyén téc thiét ké va lra chon hat soi chén 1a cac hat tron, nhin, tron va c6 kich thude dong nhét, kich
thudc hat soi chén gip 6 lan kich thuéc hat cat can kiém soat (Heriot Watts’s Petroleum Institute, 2015).
Viéc thir nghiém, tinh toan, lya chon kich thudc Iudi loc va soi chén duoc thuc hién theo phuong phap
sang. Két qua thir nghiém cho thay, loai sang 12/20 (theo tiéu chuan M¥) va kich thudc soi twong tng (Bang
1) cho két qua tét nhét so vai cac loai khac, dwdng cong phéan bé kich thudc hat dwoc thé hién trong Hinh
3. Déi voi loai sang 12/20, cac hat cat bi giit lai ¢ kich thudce tir 978,37-1214,62 um (Hinh 4).

Sieve Analysis Plot
100

95%
90%

50%

40%

pauejay Juasied aAneINWNY

10%
5%

10,000 1,000 100 10 1
Diameter (microns)

Formation Sand Summary
d10=423 um d50 = 247 pum

d90 = 105 um SNGluleeeCiEiEpivey  12/20gravel |
Hinh 3. Két qua phan tich mdu hat min giéng NH - 1P khi si dung céc logi sang khac nhau.

978.37 u

1214.62u

Hinh 4. Kich thuéc cac hat min bj giiz lai sau khi dung logi sang 12/20

V6i cac giéng dang khai thac, viéc sir dung phwong phap chén soi nham kiém soat cat can huy dong gian
khoan dan dén chi phi thi cong cao va doi hoi cong tac hau can 16n, khéng phu hop cho cac mé nho, mé
can bién hay céc giéng co luu lugng khai thac thap do khong dat hiéu qua kinh té. Bé khic phuc véan dé
nay, nhém tac gia dé xuat str dung 6ng loc “Vent screen” dé thi cong chén soi qua éng khai thac san co.

Qua trinh thi cong c6 thé sir dung cép toi hay 6ng cudn, trong dé viéc sir dung 6ng cudén mang lai nhiéu
uu viét do két hop duoc vai qué trinh 1am sach cat & day giéng. Cac thiét bi can thiét cho qua trinh thi cong,
bao gom (Jon Carlson, 1986):
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- Nut chan dudi;

- Luéi loc;

- Ong ndi;

- 6ng loc “Vent screen”;

- Nt chan trén dugc tién ren dé két ndi véi thiét bi tha bén trén;

- Cum thiét bi tha va tuan hoan.

Quy trinh thi cong ldp dat bo hoan thién giéng sir dung phuong phap 6ng loc “Vent screen” dugc thé

hién trong Hinh 5.

Deploy vent Pump Build sand Continue Wash out Pull vent Land Set packer
screen assembly slurry column on pumping with | plug. isolation and
to bottom. down ' blank pipe. ' slowly. 3 indicator overshot produce
production overshot. and packer well.
Vent plug thiey. | Fhid enters aatembly
vent screen
| | and sand
bridges
Vent s Mechanical (e
o 3croen | screen. packer and packer
ul i 14l L ER
]| gravel
| Pressureis | . © Slurry 8 |k Overshot pack from
equalied TR | Send latches and s
inside blank column seals on P
Blank pipe =1 e ] covers Maximum Ly, mandrel. -
| - " *' screen column height
J : and builds reached;
f:::;e\::::u B B biookpipe. pressure
| f increase
! shears
3 H | ~ sand height 3 4 H
: : » " * control valve. : : : o ™
1] 1 1 A
! - ;
- -~ - - - - - -

Hinh 5. Quy trinh thi cong ldp dat ong loc Vent screen si dung éng cugn

Thiét ké nay sir dung hai dng loc duc 16 duoc tha xudng do sau thiét ké, tai khoang ban ma via va duoc
ndi véi nhau boi mot doan 6ng tron. Chét luu khai thac chi di vao phan éng loc phia dudi nham dam bao
hiéu qua cua viéc soi duoc chén day trong cac kénh dan tao ra khi bian mé via va ciing nhu hiéu qua cua
16p soi chen.

Qua trinh thi céng chén so6i cho giéng NH - 1P gap nhiéu thach thuc khi giéng co do nghiéng tuong ddi
I6n (63°). Thong thudng, véi cac giéng dang nay, trong khoang khong vanh xuyén phan mat dugi cua phan
hoan thién giéng d& dang duoc chén ddy soi, trong khi phan mit trén c6 nguy co séi khong dwoc lap day
do 4&p suét bom ép duoc thiét ké khong hop 1y, khong du I6n hodc du 16n nhung co nguy co gdy nut v via
Iam han ché hiéu qua caa qué trinh thi cong (Hinh 6). Bé khic phuc véan dé nay, trong qué trinh thiét ké thi
cong phai tinh toén ap suét va luu lwong bom ép phit hop véi &p suit v via dé lap day soi chén vao cac
kénh din ma khong 1am ton hai dén via chtra. Theo két qua tinh toan di vai giéng NH - 1P, téc do di
chuyén hop ly cua soi chén 14 5 ft/s, mat d6 soéi chén dao dong trong khoang 0,5 - 1,0 ppg nhiam ngan ngira
cac nat chan hinh thanh trong qua trinh chen soi.

Washpipe

Crossover
packer

) After settling
Hinh 6. D¢ nghiéng cua giéeng danh huong téi qué trinh thi cdng chén soi
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3. Két qua va thao luan

Dé tinh toan diém &p suit hoat dong cua giéng, duong dic tinh cua via, nhém tac gia tién hanh chay mo
hinh mé phong dng khai théc bang phan mém Wellflo véi cac dir liéu dau vao khac nhau nham thir nghiém,
phan tich, danh gia dé lya chon ché do dong chay, mat do bin ma via, loai dan bin, kich thudc Iudi loc va
soi chén tbi wu.

Hinh 7 thé hién mirc 6 anh huong caa loai va mat do dan bin mé via téi luu lwong khai théc. Biéu do
nay cho thay, khi sir dung loai dan né GP (Grave Pack) luu lwong khai thac dat Ién hon so véi dan xam
nhap sau DP (Deep Penetration); luu lwong khai théc ting tuyén tinh khi ting mat d6 bin mé via. Cac phan
tich trong béo céo ndi bo trude day cho thdy, néu khong tién hanh bin mé via thém, luu lwong khai thac
dat rat thap. Tur cc két qua phan tich trén, nhom tac gia dé xuat sir dung phuong phap bén via lai bang loai
dan nd GP voi mat do 6 vién/ft.

1000

M Case 1 (DP Charges) PWH = 200 psia
900 A M Case 2 (GP Charges)

800

700

600

Liquid Rate, STB/day

2 4 6

Effective Shots Per Foot

Hinh 7. Anh hirong cua logi va mdt dg dan bin mé via téi luu heong khai thac

Dé nghién ciu anh huong cia kich thudc dng loc va soi chén toi luu lugng khai thac caa giéng, nhém
tac gia da tién hanh thay d6i mé hinh mé phong, trong do tap trung vao kich thudc cta 6ng loc va soi chen.
Trong thiét ké ban dau, sir dung 6ng loc c6 dudng kinh trong 1,9” (dwong kinh ngoai 2,35”), trong khi dng
khai thac 3,5” c6 duong kinh trong 2,8”. Thong thuong, dé dam bao kha ning kiém soat cat va han ché
nguy co bit nhét boi cat cua lop soi chén, khoang khdng vanh xuyén thuong dugc thiét ké vai khe ho toi
thiéu 1a 0,4” nham dam bao d6 day cua I6p so6i chén. Nhu vay, trong trudng hop nay khe hé khoang khéng
vanh xuyén giira 6ng khai thac va ong loc chi 14 0,45, 16n hon khong nhiéu so véi yéu cau téi thiéu (0,4”).
Diéu nay din dén tiém an nguy co bit nhét cac kénh dan va han ché kha niang kiém soét cat cua thiét ké
nay. Vi mé hinh méi, nhom tac gia st dung 6ng loc c6 dudng kinh trong 1,66” (duong kinh ngoai 2,117)
nham so sénh hiéu qua cta cong tac chén soi so vai truong hop sir dung 6ng loc c6 dudng kinh trong 1,9
(Hinh 8).

Biéu do (Hinh 8) cho thay, khi thay d6i duong kinh dng loc tir 1,9” xudng 1,66, luu lugng khai thac
ctia giéng khong c6 su thay doi Ion, tuy nhién viéc lya chon dng loc dudng kinh 1,66” s& lam ting do day
cuia I6p soi chén, gitp tang hiéu qua cua viéc kiém soat cat; luu lugng khai thac ting dén 50% khi tién hanh
tang kich thudc soi chen.
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Hinh 8. Anh hirong ciia dieong kinh ong loc va kich thuéc séi chén, hudi loc téi luu hirong khai thac

V6i két qua phan tich nhu trén, nhom téc gia lwa chon dng loc dwdng kinh 1,66 két hop véi soi chén cé
kich thugc tuong ng vai loai 12/20 (Bang 1) cho giéng NH-1P nham gia ting luu luong khai thac cia
giéng va dam bao d6 day tdi thiéu cua Iop soi chén gitip ting hiéu qua cua qué trinh kiém soat cat (>0,4”).
Dong thoi, thiét ké nay cho phép mot luong cat nhat dinh ton tai bén trong 16p soi chén, cac hat cat nay
gitip gia ting kha ning kiém soat, ngan chan qué trinh xam nhap cua cac hat min c6 kich thudc nho hon so
véi kich thude trung binh cua ching.

Vi 6ng loc va soi chén co kich thude twong tng loai 30/50 c6 thé ngan ngira c4c hat cat c6 duong kinh
I6n, tuy nhién theo s6 liéu thyc té, d6 tham caa 16p soi chén trong truong hop nay thap 1am giam luu lwong
khai thac va dnh huong toi kha nang lam sach vung can day gleng Ong loc va so6i chén c6 kich thuée twong
ng loai 12/20 cho luu lugng khai thac 16n nhung lai tiém an rui ro bit nhét cat trong tuong lai. M6 Song
Déc cé thoi gian thiét ké khai thac ngin, nén viéc tdi wu luu lrong khai thac can duoc wu tién. Do d6, nhém
tac gia dé xuét s dung dng loc va soi chén c6 kich thude twong Gng loai 12/20. Di vai cong tac bén mo
via lai, nhom tac gia dé xuat st dung loai dan né GP véi mat do 6 vién/ft nham tao ra khoang khong tbi da
dé soi cheén c6 the lap day vao cac kénh dan va tao ra do tham tot hon, dong thoi ting kha nang lam sach
vung can day giéng. Ngoai ra, dé tang kha nang lam sach cac 15 ban mo via va vung can day giéng ching
t6i dé xuat tién hanh thi cong trong diéu Kién dudi 4p suat can bang (4p suat day giéng nho hon ap suét via)
tir 200-300 psi.

4. Két luan va kién nghi

Qua nghién ctu ly thuyét va thir nghiém mé hinh mé phong bang phan mém Wellflo ddi véi cac phuong
an cheén soi cho giéng khai théac dau khi NH-1P nhém tac gia rdt ra cac két luan va kién nghi nhu sau:

- Ong loc va soi chén co kich thudce twong ung Véi loai 12/20 cho luu lugng khai thac l6n hon so véi
loai 30/50. Tuy nhién, phwong an nay tiém an rai ro bit nhét cac kénh dan bén trong 16p soi chen.

- Ong loc va s6i chén c6 kich thuée twong (ng loai 30/50 dam bao dwoc yéu cau kich thudc soi chén
tuong duwong 1,96 lan kich thudc cac han minnhung cho d6 thim thép hon so v6i phurong 4n sir dung 6ng
loc va soi cheén c6 kich thude tuong tng voi loai 12/20. Diéu nay dan dén lam giam luu lugng khai théc va
tang nguy co nhlem ban viing can day giéng

- Viéc sir dung 6ng loc dwong kinh 1,66 két hop véi soi chén c6 kich thude twong wng vai loai 12/20
cho giéng NH-1P gitip tang luu lwgng khai thac ciia giéng va do day cia lop soi chén lam tang hiéu qua ctia
qua trinh kiém soat cét.

- Bé ngdn nglra cac ndt chan hinh thanh trong qua trinh chén soi nén sir dungtc do di chuyén cua soi
chen la 5ft/s, mat d soi chén dao dong trong khoang 0,5 - 1,0 ppg.

- Dé t6i wu luu lugng khai thac d6i vai cac giéng khai thac dau tai mo Song Ddc nén sir dung 6ng loc va
s6i chén c6 kich thude twong tng loai 12/20.
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- Str dung loai dan nd GP véi mat d6 6 vién/ft cho cong tac ban ma via lai, nham tao ra khoang khong
t6i da dé soi chén ¢ thé lap diy vao céc kénh dan va tao ra d¢ tham tét hon, gitp ting kha ning lam sach
ving can day giéng.

- Thi cong trong diéu kién dudi ap suat can bang (&p suat day giéng nho hon 4p suat via) tir 200-300 psi
dé tang kha ning lam sach céc 16 bdn m¢ via va viing can day giéng.
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ABSTRACT

Sand control by optimization well completion for Ngoc Hien -1P,
Song Doc oil field in Malay Tho Chu basin

Tran Anh Quan?, Nguyen Hai An' Nguyen The Vinh?, Nguyen Tien Hung?
! PetroVietnam Production and Exploration Corperation
2 Hanoi University of Mining and Geology

The NH - 1P well is an oil - producing well in Song Doc oil field and is one of 11 wells in the field
which is located in Malay - Tho Chu basin. The original design of the well was set as a monobore 3 1/2”
tubing well, cemented and perforated inside of a 7" liner. Sand control was not identified as a need for the
well, and the well went on production. After a few months sand began to be produced rapidly and the well
was suspended as a result. Studies were conducted shortly afterwards to design and provide sand control
for the completion. Sand control theories combined with the field data were used to study and propose sand
control solution for well NH - 1P in Song Doc oil field.

Keywords: Sand control; well completion; Malay - Tho Chu basin.
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Nghién cru tong hop chit xuc tac quang hod trén co s& khoang vat
tu nhién halloysite irng dung trong xt ly 6 nhiém nudc thai

Ng6 Ha Son®*, Nguyén Thi Thanh Ta%, Tran Ngoc Tuan', Pham Xuén NGi**
! Truomg Pai hoc Mo - Dja chat

TOM TAT

Trong nghién ctu ndy, vat liéu dng nano halloysite s& duoc ché tao tir khoang vat halloysite tu nhién va
dugc sir dung lam chat hd trg cho pha hoat dong xtc tac quang trén co so TiO,. Vit liéu dugc dic trung
tinh chat bang cac phuong phap hoa Iy hién dai nhu XRD, SEM, BET, phd UV-vis. Theo d6, halloysite
tinh ché c¢6 kich thugc nano véi chiéu dai khoang 1,3 pm va kich thudc mao quan khoang 5 nm. Sau khi
dua Ag-TiO; Ién halloysite, bé mat riéng cua vat liéu do dugc bang phuong phap BET 1a khoang 60 m%/g.
Ning lwong viing cdm cua vat liéu tong hop dugc ciing dwoc cai thién rd rét so voi TiO, nguyén chat gidp
cho vat liéu c6 kha nang hip thu cic bude song anh sang dai hon dé tham gia vao qué trinh xdc tac. Xdc
tac quang trén co s& Halloysite va TiO, thé hién hiéu qua rat cao Ién toi hon 95% trong qua trinh phan huy
chat hiru co gay 6 nhiém dién hinh RR-195. Két qua nay cho thay trién vong Ién trong viéc sir dung cac
qua trinh oxy hoa néang cao trong xt Iy méi truong.

Tur khoa: Halloysite; TiO,; Ag-TiO,; xUc t&c quang hod; RR-195.

1. Pit véan dé

Thudc nhudém hoat tinh 12 mét trong nhiing tién b vé ky thuat quan trong nhét & thé ky 20 trong linh
vuc thudc nhuém. Chung dugc sir dung ngay cang nhiéu vi chiing ¢6 mau séc tuoi sang, phong phii va c6
d6 bén mau cao. Hién nay, lwong thudc nhuom hoat tinh trong nganh dét nhuém chiém khoang 50% téng
lwong thudc nhuom duoc st dung trén thi truong. Tuy nhién, di kém theo d6 1a nhitng vin d& méi truong,
nuoc thai chira cac hop chat nhuom ton du va phu gia héa hoc dugc st dung trong quéa trinh nhuém (Bagane
va nnk, 2000). Chit thai nay rat nguy hiém cho méi truong, dic biét 1a méi truong séng thuy sinh néu
khong dugc xu ly triét @& (Imamura va nnk, 2002), do kha niang hoa tan trong nudc va tinh én dinh véi
nong do tir thap dén cao. Do d6, viéc loai bo thuéc nhuém nhan duoc sy quan tm cua cac nha nghién cuu.

Hap phu sir dung than hoat tinh tir 1au da duoc st dung dé loai bo nhiéu chat 6 nhidm trong nudc. Tuy
nhién, hap phu chi c6 thé thu gom chat & nhidm ma khong xir ly triét dé duoc céc chat nay. Day 1a 1y do tai
sao nhiéu nha khoa hoc di nghién ctu tinh kha thi cua viéc s dung cac vat ligu ré tién, c6 san trén thi
truong lam tac nhan loai bo thudc nhuém bang nhitng qué trinh ¢6 hiéu qua cao va khdng phét sinh & nhidm
thu cap.

Gan day, halloysite, mot nguyén lidu cé gia thanh ré, ngudn cung doi dao, véi cac wu diém nhu kha
nang phén tan tbt, cac nhém hoat dong phong phu, doc tinh thap, tinh twong thich sinh hoc tbt, than thién
véi moi trudng va cd san trong tu nhién da thu hat sy quan tdm sau rong, hia hen kha ning sir dung nhu
mot chat mang xuc tac dé loai bo thude nhuém hiéu qua (Zhang va nnk, 2016; Kamble va nnk, 2012).

Trong linh vuc quang xtic tac dé xir Iy méi treong, vat liéu nano tiéu biéu duoc thé gisi nghién ciu hién
nay la vat lidu trén co so nano TiO,. TiO; 1a vat lidéu khong doc hai, pho bién trong cac ung dung trong linh
vuc nang luong mit troi va dac biét 1a xir Iy moi truong bai tinh quang xdc tic manh va bén viing héa hoc
cua ching (Amin va nnk, 2009). Tuy nhién, TiO, c6 nang lugng ving cdm Ién doi hoi chiéu xa tia cuc tim
dé kich thich kha nang xtic tic. Hon nira, sy tai két hop nhanh chong cua cap electron - 1 tréng c6 thé 1am
giam dang ké hiéu suat lugng tir. Do do, thu hep nang luong viing cam cua TiO2 dé tang phan tng hap thu
anh sang nhin thay 1a phuong phép thuong duoc st dung dé cai thién hiéu suat quang xdc tac (Rooj va nnk,
2010). Cac phuong phéap dé thu hep nang lugng ving cam thuong dugc su dung la dua thém céc kim loai,
oxit kim loai, ciia cac nguyén té khac nhau vao trong mang tinh thé TiO, nhu Zn, Fe, Cr, Eu, Y, Ag,
Ni...hodc dwa thém cac phi kim nhu N, C, S, F, Cl... hodc ddng thai dua hdn hop cac nguyén tb vao mang
tinh thé TiO,... Hau hét nhitng san phém duoc bién tinh c6 hoat tinh xuc tac cao hon so véi TiO, ban dau

*Tac gid lién h¢
Email: ngohason@humg.edu.vn; phamxuannui@humg.edu.vn.

135


mailto:ngohason@humg.edu.vn

trong vuing anh sang nhin thay (Dong va nnk, 2010). Trong d6, bac la mot trong thanh phan c6 hiéu qua
cao (Guo va nnk, 2009).

Do d6, trong nghién ctru ndy, ching toi hudng dén viéc ché tao vat liéu quang xuc tac trén co so HNT
v6i pha hoat tinh 12 TiO, dwoc pha tap Ag ddng thoi danh gia hoat tinh cua chat xdc tac nay trong qua trinh
phan huy quang hoa chat mau RR-195, mot chat gay 6 nhiém co trong nuéc thai dét nhuom.

2. Thyc nghiém
2.1. Hoa chat va dung cu

- Thiét bi: ti say; ta nung; may khuay co hoc; may khudy tir gia nhiét; can phan tich dién tir; may i tam;
bom hut chan khong va mot s6 thiét bi khac.

- Dung cu: coc dong thuy tinh cac loai; sinh han héi Iuu; binh dinh muc; pipet cac loai; nhiét ké: binh
cau ba co, hai co; gidy bac; gidy do pH; cdi va chay md nao; mang boc va mét sb dung cu khéc.

- Hoa chat: nguyén liéu halloysite tho duoc ldy tir mo cao lanh thd; Axit Sulfuric (H2SO04, 98%); Etanol
(C:HsOH); Axit axetic (CH3COOH, 99%); Titanium isopropoxide (TTIP) (Ti(OCsH7)4); Bac nitrat
(AgNOs); Glucose (CeH1206); Dung dich NHs; Hydro peroxide (H20-); Reactive Red - 195 (RR195); Nuéc
cat; Ba lanh.

2.2. Tinh ché halloysite (HNT)

Halloysite thd ciia nhém cao lanh dugc nghién nho, sang loai bo cac hat san va siy khé & 100 °C, sau d6
ldy 40 g cao lanh thd hoa tan vgi 55 ml H,O cat. Thém tir tir 2 ml H,SO4 98%, sau d6 khudy tir & 90 °C
trong vong 90 phut, thu dwoc dung dich 1. Loc, rira nhiéu lan dung dich 1 bang nudc cat dé loai bo hét
H,SO4 dur roi siy kho. Thém 1,5 lit H,0 cét vao hdn hop vira duoc sy khd (¢ bude 3). Khuiy co hoc trong
vong 24 gio, thu duoc dung dich 2. Bé ling dung dich 2 trong vong 96 gio va loc, gan lay phan trén cua
dung dich 2, bo di phan cin dudi day, thuc hién I3p lai budce 4 va budce 5 trong 3 lan. Sau d6 loc ly tam, sdy
khé, thu dugc halloysite tinh khiét.

2.3. Téng hep Ag-TiO2/HNT

3,3 mL CH3COOH dugc lam khan trong moéi truong da lanh cho téi khi dong bang hoan toan. Thém
6,6 ml C.HsOH, khuay khoang 30 phut, dé thu duoc dung dich 1 hoan toan trong suét. Tiép tuc thém 3,3
ml TTIP khudy trong 30 phut, thu dugc dung dich 2. Thém 0,1 g glucozo vao dung dich 1, khudy nang
nhiét tir tir 18n 80°C trong vong 45 phut, thu dugc dung dich 2. Thém tur tir 280 ml AgNOs/NHs(au) 0,002M
vao dung dich 2, khudy nhanh trong vong 15 phut, thu duoc sol Ag- TiO2. Ha nhiét tir tir sol Ag-TiO, xudng
65°C, roi thém 3 g halloysite tinh khiét da tinh ché khudy & 65°C trong vong 24 gio, sau d6 dem di u trong
autoclave 5 gio ¢ 180°C, thu duoc dung dich 3 va cudi cung loc, rira dung dich 3, rdi say khé ¢ 70°C, thu
duoc vat lieu Ag- TiO, — HNT.

2.4. Xur Iy két qud
Hoat tinh cta xuc tac quang dugc danh gia thong qua phan tng phan huy quang hoa thuéc nhuém RR-
195. Hiéu suat caa phan tmg nay dugc tinh dua trén viéc xac dinh nong do thudc nhuém trude va sau phan
{ing bang phwong phap phé tir ngoai UV-vis. Cu thé, hiéu suat dugc tinh theo cong thirc nhu sau:
H (%) = (Co - C)/Co 1)
Trong d6: Co - ndng d6 ban dau cia RR-195 (ppm)
C: - ndng do tai thoi diém t (phat) cua phan tng (ppm)

3. Két qua va thao luan
3.1. Ddc trung cua vt ligu
3.1.1. Két qua ddc trung cdu trdc tinh thé va hinh thai cia vat lieu HNT

Pé xac dinh peak dic trung cua vat liéu halloysite tinh ché duoc, phd nhidu xa X-ray dugc xac dinh
trong khoang 20 tir 5 - 80°. Két qua do XRD cuia vat ligu halloysite dwoc dua ra & Hinh 1.

Pho X- ray g6c 1on ciia mau halloysite da tinh ché dugc cho thdy su xuat hién cac peak dic trung cia
dng nano halloysite. Trong d6, cac goc phan xa dic trung & gid tri 26 tai 12,2° (001); 19,9° (100):
24,84°(002); 35,02° (110); 37,98° (003) va 54,34° (211) pht hop véi dir ligu nhiéu xa tia X tiéu chuan
cua 6ng nano halloysite (HNT).

3.1.2. Két qua ddc tring vat liéu halloysit bang phwong phdp kinh hién vi dién tir quét (SEM)

Dé xac dinh hinh thai bé mat dac trung cho vat ligu halloysite tinh ché thi phuong phap SEM duoc tién
hanh va két qua anh chup hién vi dién tir quét (SEM) nhu Hinh 2.

Qua anh SEM cho thay halloysite tinh ché dugc da s déu c6 dang ong véi kich thudc nano, cau tric
x6p rong dic trung va c6 do ddng déu cao. Cu thé vé chiéu dai 1a 1,3 um, kich thude duong kinh 1a 130
nm, cho thay halloysite tinh ché la cac éng halloysite c6 kich thuée nano (HNT) [8]. Qua céc két qua trén
ching minh d3 tinh ché duoc éng nano halloysite (HNT) tir ngudn halloysite tho & Viét Nam.
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Hinh 2. Hinh dnh SEM cua vt liéu halloyszte da duoC tinh Che

3.1.3. Két qud ddc trung vat ligu HNT bangphu"o‘ngphap BET

Dé xac dinh dién tich bé mat riéng, thé tich mao quan va duong k|nh mao quan cua HNT, phuong phap
dang nhiét hap phu Nito & 77,3 K theo BET dugc tién hanh ddi véi mau vat liéu 6ng nano halloysite.

Két qua duoc xac dinh & Hinh 3 cho thay dang dudng dang nhiét hap phu- nha hap phu cia HNT trén
thuoc kiéu sb IV tuong (ng véi vat liéu mao quan trung binh va c6 duong dang tré H3 dic trung cho vat
liu mao quan trung binh cau trc I6p theo phan loai ciia IUPAC. Pudng cong phan b kich thudc mao
quan cho thay duong kinh mao quan trung binh ciia HNT 13 4,8 nm.
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Céc thong s6 dac trung ciia HNT thu duoc tir két
qua do BET:

- Dién tich bé mat riéng (Sger): 28,0186 m2/g

- Téng thé tich mao quan (Vpore): 0,137840
cmd/g

- buong kinh mao quan (Dgjn): 21,8489 nm.



3.1.4. Cac két qua ddc trung ciia vdt lidu quang xdc tac Ag-TiOo/HNT

Céc két qua dac trung XRD, UV-vis ran, EDX va SEM cua vat liéu Ag-TiO/HNT duoc thé hién trong
Hinh 4,5,6va7.
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Hinh 6. Két qua phan tich EDX ciia vat ligu Ag-  Hinh 7. 4nh SEM (a va b), HR- TEM (c va d) cua
TiO,- HNT Ag- TiO2-HNT

Phd X-ray cua vat liéu Ag-TiO/HNT (Hinh 4) vén thé hién cic peak dic trung cua TiO; diéu ndy chung
to khong co sy thay doi cau tric cua vat liéu TiO,, ddng thoi xuat hién thém 2 peak tai 26 = 38,1° (111);
64,4° (220) va peak c6 cudong do yéu hon & 26 = 44,3°(200) dic trung cho sy hién dién cua bac kim loai
(JCPDS 65- 2871). Nhu vay, cac két qua chi ra rang viéc dua TiO, va Ag- TiOz Ién chat mang HNT khong
c6 anh huéng dén cau trac dng nano halloysite.

Bén canh do6, phd nhidu xa nang luogng tia X cua vat liéu Ag- TiO2- HNT véi ving ning luong lién két
tir 0 - 10 keV & Hinh 6 cho thay tin hiéu twong ing cua cac nguyén té tao nén xdc tac Ag- TiO,- HNT va
khong xuat hién bat ki nguyén t6 nao khac ngoai nhiing nguyén t6 thanh phan tao nén vat liéu véi ti 1é phan
tram khdi lugng cua cac nguyén t6 kha tuong thich véi tinh toan ban dau dung dé tong hop Ag- TiO/HNT.

Anh SEM, HR- TEM & Hinh 7 d3 chirng t6 duoc khi dua truc tiép Ag- TiO; 1én cac 5ng nano halloysite
thi ciu triic dng cua halloysite khong bi mét di. Hinh anh cho thiy sy phan tan kha dong déu cua cac thanh
nano Ag- TiO,trén cac 6ng nano halloysite (HNT) va cAc hat nano Ag dugc gan chat trén bé mat cia cac
thanh nano TiO> tao ra cc thanh nano Ag- TiO> véi kich thuéc trung binh khoang 10- 20nm.

Ag- TiO/HNT c6 dién tich bé mat 16n hon gép doi va thé tich mao quan ting dang ké I6n hon so véi
chat mang HNT boi Ag- TiO; ciing c6 dién tich bé mat riéng va ciing co cac mao quan caa nd, ching to
¢ su hién dién cua cac thanh nano Ag- TiO; trong Ag- TiO.- HNT (Bang 1).
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Bang 1. Cdc théng sé dic trung cua vit liéu Ag- TiO2- HNT

Théng s6 Gia tri
Dién tich bé mit (Sger - m?% g) 57,3668
Puong kinh mao quan trung binh (D - nm) 10,6906

3.2. Hogt tinh xUc tac caa vit ligu Ag-TiOz/HNT
3.2.1. So sénh hoat tinh cia Ag-TiO2/HNT va céc vat liéu xiic tdc da tong hop

Qua trinh phan hay quang thudc nhuém RR- 195 dugc thuc hién ¢ nhiét do phong véi cac thong s6 cu
thé sau: nong d6 RR- 195 ban dau: 20ppm, 1ml H20z, 0,05 g xUc tac, khudy tdi 3 gio dé dat can bang hap

phu, sau d6 chiéu sang bang dén UV. Két qua so sanh hoat tinh x(c tac cua céc vat liéu dugc trinh bay &
Hinh 8.
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Hinh 8. So sanh hoat tinh xlc tac cua cac vat liéu

Két qua thu duoc cho thay vt liéu xdc tac Ag- TiO- HNT tong hop tryc tiép cé hoat tinh quang xtc tac
manh nhét. Diéu ndy c6 thé giai thich do khi dwa Ag cac thanh nano TiO; lam glam nang luong ving cim
cua TiO2 (2,6 eV). Ngoai ra, Ag® con c6 thé chuyén tiép dién tich va cé kha ning biy cac electron cao ngin
can kha nang tai két hop cua electron quang sinh va 16 tréng quang sinh trén bé mat TiO.. Bong thoi, Ag
con ¢6 hiéu ung cong huong Plasmon, cac electron dugc sinh ra s& nhay vao ving dan cua TiO,, tir d6 sé
hinh thanh cac cip electron va 15 trong, do d6 1am kéo dai thoi gian hoat dong cia céc 16 tréng dn dén san
sinh nhiéu hon gbc *OH va ting hiéu qua quang Xuc tac.

3.2.2. Anh hwoéng ciia ham lrong chat xdc tac

Su anh huong cua ham luong chat xuc tac dén do chuyén hoé cua thudc nhuom RR- 195 trén xuc tac

Ag- TiO2- HNT duoc khao sat. Cac két qua dugc trinh bay trong Hinh 9.

100

80+
< 60
g
£
z
g 404
N
—=—0.05g
20 1 —e—0.1g
—a—0.15 ¢
0 T T T T T
0 60 120 180 240 300 360

Reaction time (min)
Hinh 9. Anh huong cia ham lwong chat xuc tac
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Két qua thu dugc cho thdy, sau 360 phat chiéu sang UV dung xdc tic Ag- TiOz- HNT (truc tiép) véi
khéi lugng 0,15 g thi hiéu suat khir RR- 195 dat 96%, cao hon xic tac c6 khdi lwgng 0,05 g va 0,1 g (66%
va 90%). Biéu ndy c6 thé giai thich nhur sau: khi lugng xtc tac tang 1én thi lugng thm hoat tinh xtc téc cling
tang 1én, 1am cho tdc do khuéch tan cua cac anion RR- 195 dén bé mit tim hoat dong ting, dan dén ting
kha ning chuyén hda RR- 195. Con s6 96% thé hién viéc phan huy hau nhu hoan toan chat gay 6 nhiém
ngay tai diéu kién thuong.

4. Két luan

Nghién ciru nay da thu duoc mot s két qua dang chii ¥ véi hé vat liéu quang xiic téc trén co sé khoang
vt ty nhién halloysite con khd mai mé. Cu thé, da tinh ché duoc dng nano halloysite (HNT) tinh khiét tir
ngudn halloysite thd lay tir mé cao lanh vai dién tich bé mit riéng 1a 28,0186 m2/g, chiéu dai 1a 1,3 um,
kich thudc duong kinh 12 130 nm. Sau dé, vat liéu quang xuc tac Ag- TiO,- HNT da dugc tong hop va danh
gia hoat tinh quang xtc tac. Két qua thé hién rang xuc tac Ag- TiO,- HNT c¢d hoat tinh xtic tic vuot troi
hon so vé6i cac xuc tac con lai 1a TiO,; Ag- TiOz; TiO2-HNT nho sy ¢6 mit Ag ciing nhu cua chat mang
xUc tac HNT. Ag- TiO,- HNT gan nhu di phan hay hét RR- 195 ngay & nhiét d6 thuong va méi truong pH
trung tinh. Didu nay cho thay vat liéu Ag- TiO2- HNT mang lai tiém nang tng dung vé cuing hta hen trong
cac qua trinh xtr Iy nudc thai 6 nhiém
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ABSTRACT

Synthesis of photocatalyst based on natural halloysite nanotube for the
removal of contaminants in waste water

Ngo Ha Son?, Pham Xuan Nui! Nguyen Thi Thanh Tu?, Tran Ngoc Tuan*
! Hanoi University of Mining and Geology

Environmental pollution, especially water pollution at present, is a global problem and seriously affects
human health. Recently, advanced oxidation processes (AOP) using semiconductors - "green" catalysts,
have been studied and widely used to remove organic pollutants in wastewater. Carriers such as activated
carbon, zeolite or mesoporous materials have been used to overcome the disadvantages of photocatalysts.
However, these carriers are still prepared from expensive and pure chemical sources. In this study, the

140


https://www.sciencedirect.com/science/journal/02613069/31/4

halloysite nanotube material will be fabricated from a natural halloysite mineral and used as a support for
the photocatalytic activity phase based on TiO,. The material is characterized by modern physical and
chemical methods such as XRD, SEM, BET, UV-vis spectrum. Photocatalyst based on Halloysite and TiO;
exhibited very high efficiency up to more than 95% in decomposition of RR-195 - a typical organic
pollutant. This result shows great potential of using halloysite mineral in environmental treatment
processes.

Keywords: Halloysite; TiO2; Ag-TiOz; photocatalyst; RR-195.
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E R;S E ~_ HOINGHI TOAN QUOC KHOA HQC TRAI AT
EARTHSCIENCES AND VA TAI NGUYEN VO PHAT TRIEN BEN VNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ctu sir dung dung dich vi bot goc nuéc cho tang méng
mo Bach Ho

Vii Thiét Thach!*, Lé Van Nam?
YTruong Dai hoc M6 - Dia chat

TOM TAT

Trong qué trinh khoan vao ting méng mo Bach Ho thuong gap di thudng &p suat am gay mat tuan hoan
dung dich, d6 ludn 1a van d& can quan tdm trong qua trinh khoan vao cac via c6 di thuong ap suat &m. Hién
tuong mat tuan hoan dung dich xay ra khi cé su chénh léch &p suat gitra 4p suét thuy tinh cta cot dung dich
va ap suit via, dung dich khoan di chuyén vao via (cac d6i hang hoc, niit né) gay nhiém ban thanh hé. Vi
vay, khi xay ra hién tugng mit tuan hoan ma khdng c6 giai phap khéc phuc thi bit budc phai ngirng khoan,
trong mot s6 trudng hop phai d6 cau xi ming dé huy giéng khoan lam gia tang chi phi ciing nhu 6 nhiém
méi truong. Hién nay da c6 nhidu giap phap khéc phuc nhung chwa hoan toan c6 két qua.

Trong bai bao nay nhdm tac gia dé xuit mot giai phap c6 tinh kha thi cao la sir dung dung dich vi bot (la
dung dich c6 ty trong thap) dé khoan vao tang méng mé Bach Ho. Trén thé gidi ngudi ta da sir dung dung
dich vi bot gdc nuéc chdng mat tuan hoan dung dich thanh cong va cho ning suat khoan cao cho nhiéu dbi
tugng co ap suat via phac tap.

Tir khéa: Dung dich khoan; Mé Bach H6; dung dich vi bot; mat tuan hoan dung dich.

1. Mé dau

Trong qua trinh khoan cac giéng dau khi dé tranh xay ra hién twong mét tuan hoan dung, ching ta can
chi y téi ty trong dung dich ciing nhu cai thién chat luong dung dich, sao cho dung dich khoan dwoc st
dung it xdm nhap nhat dén via chira gidp giam céc chi phi goi dong, bao dudng giéng, ting tudi tho giéng
va nang cao hiéu qua khai thac.

Dung dich khoan vi bot géc nuéc 1a hé dung dich khoan mai, ¢6 thé diéu chinh ty trong thap, tai sir dung
va c6 chi phi thip. Day 1a hé dung dich khoan gbc nudc, thdng qua viéc sir dung cac chat hoat dong bé mat,
hé polymer tao nhét va cac chat 1am 6n dinh dé tao ra dung dich véi cac hat vi bot ¢6 ciu truc dic biét, cé
kha ning chiu dugc &p suat cao ma khong bi phéa v&. Bong thoi, cé kha niang boi tron, giam ma sat, toc do
khoan nhanh, do d6 tang hiéu qua cua cdng tac khoan.

Tang méng Mo Bach Hb duoc dura vao khai thac ngay 06/9/1988, than dau trong d4 méng truée Kainozoi
moé Bach H6 ¢6 cau triic dac biét phuc tap va da chta than dau trong da méong mo Bach H thuoc loai da
chua phi truyén théng, hau hét cac da bi nit né, ca nat phong hoa va sau d6 trai qua qué trinh bién d6i hay
nhiét véi mirc do rat khéc nhau vé khong gian va thoi gian. Vom trung tam Bach H6 chu yéu gap da Granit
duoc goi tén dya trén su c6 mat cua khoang vat mau, theo kién trdc va theo muc d6 bi ca nét trén thé gigi
chua c6 nhiéu chuyén gia cd kinh nghiém nghién ctu.

Bang 1. Cac thdng sé vdt Iy tang méng mé Bach Ho

Théng s6 Gia tri Pon vi
Loai than dau Via khoi
Loai da chtra Nut né
Chiéu day bdo hoa dau 393.5/271.2 m
Do rong 0.001-0.0038 %
Do tham 0.135 mD

*Tac gid lién h¢
Email: vuthietthach@humg.edu.vn
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B&o hoa dau 0.85 %

Ap suat via ban dau (gia tri/ diém do) 14,2/3650 Mpa

Nhiét d6 via ban dau (gia tri/diém do) 142/3650 °C

Hé s6 san pham 100 T/ngd. Mpa
Do nhét cua dau trong diéu kién via 0.436 Mpa.s

Hé sb thé tich 1.533

Hé sb nén cua via 25.3 1.104Mpa

2. Mat tuan hoan dung dich khoan va céc giai phap khic phuc.

Vén dé mét tuan hoan dung dich trong qué trinh khoan xdy ra c6 thé do dia tang bi nit né manh, hang
héc carto, hogc sudi ngam. Tuy nhién, cac tic nhan d6 con gy nén sy chénh 4p trong d6 ap suat cot dung
dich trong giéng khoan l6n hon 4p suat ngoai thanh hé thi méi xay ra mat tuan hoan dung dich. Bgi vi lic
d6 dung dich khoan bom xudng s& chay ra ngoai giéng khoan di vao thanh hé. Mat tudn hoan dung dich Ia
mot hién twong phic tap, gay nhiéu khé khin cho qué trinh khoan va thuong rat vat va, tbn kém trong viéc
khéc phuc. Ngoai ra, con c6 thé dan dén ket bo dung cu khoan 1am chéay hong méy khoan.

Trudng hop mét tuan hoan dung dich trong qué trinh khoan vao via san pham d6i véi giéng khai thac
dau khi con tai hai hon vi khéng nhitng gay rac rbi ddi véi thi cong khoan ma con gay nhiém ban nang ving
can day giéng va via san pham, lam tang hiéu tmg skin, giam do tham. Bai dung dich khoan con mang theo
ca mun khoan nén nhan tb gay tac hai ¢ déy 1a téng hop ca dung dich khoan va mun khoan. Do vay lam
giam nang suat gleng phai tién hanh xir Iy viing can day giéng rat kho khan va ton kém. Ngoai ra con gay
nén suy giam chat luong san pham khai thac do dung dich va man khoan Ian vao.

Giai phap khac phuc mét tuan hoan dung dich trong qua trinh khoan ¢ nhiéu phuong thirc khéc nhau.
Giai phap truyén thong 1a sir dung cac loai chat xo, pha ran nhe tron vao dung dich (nhu c¢6 kho, rom, ra
bam nho, vo trau...). Pay 1 cac vat lidu ré tién, dé kiém va cé kha niang két ty tai nhirng chd khe ho hep,
k& nurt chia nhanh, hoic bé mat k& he xu xi. Su két tu Ay tao nén cac lugi chan, mang chin c6 tac dung gii
c4c vat lidu bit nhét khac nhu bun sét, mun khoan tich tu lai, 1am tic céc khe ranh, chin cac dong chay dung
dich vao thanh hé. Nhd d6 ma phuc hdi dwoc su tuan hoan dung dich trong qua trinh khoan. Ngoai ra, cé
truong hop ngudi ta con dung bong (chin bong cii) thi khic phuc dwoc con nhanh hon. Tuy nhién, day lai
1a giai phap bat loi khi khoan vao via dau khi do gay nhidm ban nang, viéc phuc hdi do thim s& khé khan.

Trong thuc té, nguoi ta con str dung cac tc nhan tram véi nong do thap dé tram vao céc ké ha, hoic tao
nén cau ndi cho cac vat liéu khac nho d6 ma han kin chd ha. Song giai phap nay c6 truong hop gay hiém
hoa. Do vit liéu trdm nay bé sung nhiéu lan vao dung dich khoan dé duy tri tuan hoan nén tao ra ban c6
ham luong pha rén cao, khé rira giéng khoan, tham chi c6 thé dan dén tic giéng khoan.

Ngay nay con c6 phuong phap khoan duéi can bang (under balance drilling) dang dugc quan tdm rong
rdi nham cai thién hon, thay thé cac phuong phép néi trén. Trong phuong phép nay dung dich khoan c6
trong luong riéng du nho dé tao &p suét tuy tinh & day giéng can bang véi &p suit 16 rdng cua thanh hé &
viing c6 &p suat thap nhat. Day la phuong phap da dwoc cac cong ty tu ban trén thé gisi 4p dung thanh céng
nhiéu noi. Tuy nhién, phurong phéap nay doi hoi kém theo nhitng thiét bi bd sung cong kénh, phuc tap va dé
xay ra hién tuong sap 1¢ thanh giéng khoan, ciing c6 thé gap rai ro mat dung dich vao via.

Dua vao nguyén Ii két hop tir cac phuong phép trén ngudi ta sir dung dung dich khoan vi bot vira khéc
phuc dwoc mat tuan hoan dung dich vira cai thién duoc cac ton tai & cac phuong phéap néu trén.

3. Céu tric va dic tinh caa vi bet.

Dung dich vi bot do F.Sebba sang ché nam 1984 (US Patent No. US 44886333), d6 1a hé dung dich géc
nudc Vi viée sir dung céc chat hoat tinh bé mat, hé polymer tao nhot va cac chat 1am 6n dinh dé tao ra céc
hat vi bot (aphron) c6 ciu tric dic biét, cd kha niang chiu dugc 4p suit cao ma khdng bi pha va, co trong
lugng riéng thap, cé thé tai str dung, cé chi phi thap.

Hinh 1 minh hoa céu triic hat vi bot, n6 khdng gidng céc bong bong khi thong thurong. Chung ta biét
bong bong khi thong thuong c6 16p bo ngoai rat mong nhung 16p vo ngoai cua vi bot (aphron) gom ba tang
chat hoat tinh bé mat tao nén cau tric bén viing. Ba tang nay gom lép mang chat hoat tinh bé mit & trong
cung dwoc bao boc béi mét 16p nuée c6 dd nhét cao, va bén ngodi 1a tang chét hoat tinh bé mit hai l6p,
khién cho céu trac nay c6 do thAm kém, d6 bén (rigidity) cao va Iam cho vi bot c6 tinh chit wa nuéc. Mic
du céc vi bot cd ban chét dinh nuéc cua 16p vo nén cé thé tuong hop véi khdi gbe nude nhung cac vi bot
lai it ¢ ai luc vai nhau.
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(@) (b)

Hinh 1. Cdu tric cia hat aphron khi khdng c6 hogt chat bé mdt bao ngoai (a) c6 hoat chat bée mat bao
ngoai (b)

V& d6 bén cho thay voi bong bong khi thong thudng bi v khi chiu &p suat chi vai trim psi, nhung vi bot
c6 thé ton tai & &p suat 1én toi 4000 psi (27 MPa) trong khoang thoi gian kha lau.

Vi bong bong khi théng thuong va vi bot khi chiu sy ting ap suat dot ngot (khoang vai trim psi), chiung
bi co lai theo dinh luat Boyle. Tuy nhién bong bong khi thong thudng bi mét khdng khi nhanh do khuyéch
tan qua mang bong bong va khéng khi hoa tan vao méi truong xung quanh. Con vi bot ciing bi mét khong
khi nhung qué trinh mét cham hon rat nhiéu. Téc do co rat cua né phu thudc vao thanh phan chat léng, kich
c& bong béng va téc d6 ting hodc giam p suit.

Do céu trac dién hinh caa nd, vi bot 1a mot chat két ndi (bringing material) dac biét, véi ban chat vira la
bot, vira gidng vat lidu két ndi ran nhung mém déo. Khi chui vao cac 15 héng, khe nirt cac vi bot tao ra mot
mbi trudng Vi bot trong mang ludi ké ho ndy, c6 kha nang tram bit nhirng vi nuat né va tao ra mot 1ép dém
cho cac vit liéu tram khac két tu dé tram bit cac khe hé to. Ciing gidng nhu bat ki vat liéu két néi nao, ndng
d6 va kich thudc cia cac vi bot 1a nhimng dai luwgng rat quan trong dbi véi viéc han gan k& ho ciing nhur doi
vé6i dung dich khoan str dung dé chéng mat tuan hoan. Téc dung cua vi bot tram bit khe nit dwoc minh hoa
nhu & Hinh 2.

Hinh 2. Co ché tram bit céc khe nut cia cac hat aphron

144



4. Dung dich khoan vi bet géc nwéc

Dung dich vi bot lan dau tién dugc T.Brookey &p dung lam dung dich khoan vao nim 1998 (Brookey va
nnk, 1998). Trong dung dich nay cac vi bot dugc phan tan déu trong dich dich goc nuéc. Viéc ap dung &
day, dung dich vi bot duoc sir dung dé kiém soat mét tuan hoan dung dich va lam giam t6i mic t6i thiéu
t6n hai dén via chira thude khu vyc da ngam dolomit hang héc, c6 &p suat thap Qua két qua ap dung ching
to dung dich vi bot gdc nude nay cho phep khoan dén chiéu sdu mong mudn va can thiét sir dung dé kiém
so4t mat tuan hoan dung dich ¢ thanh hé c6 ap suét via thap

Tai Nam My 4p dung hé dung dich vi bot géc nudc ndy so véi cac phuong phap va dung dich khoan
khéc, ké ca phuong phép khoan dudi can bang ching to n6 uu viét noi troi. Trong khi cdc phuong phép va
dung dich khac khong thé khoan t6i do sau mong mubn Vi p suit via thap, mat tuan hoan dung dich, thanh
giéng kém 6n dinh thi dung dich khoan vi bot goc nudc ¢ kha nang ngan chan mat tuan hoan rét tét (hau
nhu khéng c6 sy mat dung dich xuét hién) va tao d¢ 6n dinh thanh giéng khoan rét tot ngay ca phan da
phién gay nhiéu kho khin trude d6 do khong ap dung hé dung dich nay (Ramirez va nnk, 2002).

Két qua nghién ctu cia D.Kinchen va cong su cho thay khoan vao da dolomit nut né, d6 rdng cao su
dung dung dich khoan vi bot gbc nudc rat thanh cong, ké ca khi khoan tham do c6 1dy mau I6i. Ngoai viéc
qua trinh kiém soét tbt mat tuin hoan dung dich con cho ning suat khoan cao. Cu thé la ciing thiét bi khoan,
cuing loai miii khoan va cing chiéu sau giéng khoan khi st dung dung dich khoan vi bot gc nudc thi cong
xong giéng khoan chi trong vong 4 ngay trong khi khoan bing dung dich khoan khac phai mét trung binh
tir 30 dén 60 ngay (Kinchen va nnk).

Theo M. Gregvire va nhiéu ngudi khéc cho biét tai Yemen c6 chuong trinh khoan st dung dung dich
khoan vi bot gdc nudc khoan vao da granit nit né, két qua cho phép thi cong rat nhanh chong céc giéng
khoan hé (khéng phai chéng 6ng) ma khéng can phai xt ly gi ca. Bén canh tac dung chéng mat dung dich,
lam sach day giéng nhanh chéng con cho ning suat khoan cao hon nhiéu so vai bat ky loai dung dich khoan
nao trudc day.

5. Nhu cau cong tac khoan, tinh trang kiém soat mat tuan hoan dung dich khoan, va kha ning sir
dung & Lién doanh dau khi Viét - Nga (Vietsovpetro)

M6 Bach H6 12 mo dau 16n nhat ciia VSP ciing nhu cua Viét Nam, nhung dén nay da budc vao thoi ki
hau khai thac, san luong khai thac da suy giam nhiéu. Ngoai ra thugc VSP con c6 moé Rong va di khoan
tham do phat hién thém cac mo Méo Tring va Gau Trang nhung ciu tao dia chat déu tuong ty & mo Bach
H6 vi chung déu thugc tram tich bé Ctru Long. D6 1a nhitng mé nhé hon nhiéu so véi mo Bach Ho.

Qua trinh nghién ctru, van hanh va khai thac mé cho thay rang than dau d4 mong nirt né c6 dic trung dia
chat véi nhiéu diém khac biét so voi cac ddi tuong tram tich thong thuong. Tang méng dang khdi chua
collector granin nut né c6 hang hdc va 16 rdng, trong cac khe nut va vi khe nit c6 chiéu gay 0.3-3mm; do
rdng khong 3-5% va do tham thiu thay ddi trong pham vi rong tir 0,004-464 D (trung binh 12 0.135 D).
Nhiét do via dao dong trong khoang trung binh khoang 130-155°C va &p suit via thay doi tir 200-320 at (do
& d6 sau 3650m). Theo két qua nghién ctru, d4 mong moé Bach Ho duogc tao thanh cha yéu tir da granit. Khi
khoan vao tang mong thuong gap di thuong ap suat am, c6 khi con gap ca ranh giai tiép xuc gitra Oligoxen
va mong, gay hién twong mat dung dich & cac mirc o khéac nhau. Tang méng mo Bach Hé 1a da gbc granit
nit né, hang héc véi mie do khac nhau (macro va micro). Theo sé liéu théng ké do chénh léch ap suat thay
tinh trong giéng khoan Ién hon 4p suét via gay nén hién twong mat dung dich trong 10 nam tir 2010 dén
2020 theo cac nudc nhu sau:

- Mit dung dich nhe (<2m%h): 8 lan, chiém 11.3%

- Mit dung dich trung binh (tir 2 - 6 m3/h): 10 lan, chiém 14%

- Mét dung dich nghiém trong (>6m?h): 39 lan, chiém 55%

- Mit dung dich hoan toan: 14 1an, chiém 19,7%

- Téng sb 1an mat dung dich: 71 14n/10 nim

Qua s6 liéu néu trén cho thiy mét dung dich nghiém trong chiém dén 55% va mét dung dich hoan toan
chiém 19,7% la rat nguy hiém trong qué trinh khoan. Hon nita VSP khoan véi dung dich khoan géc nudc
va thuong ap dung phuong phap khic phuc bang cach dwa cac chit rom ra kho bam nho hoic vo trau nén
c6 truong hop khong giai quyet tinh trang mét tuan hoan dung dich. Trong truong hop do nguoi ta tién
hanh khoan “mo” vira ton rat nhiéu dung dich vira gay hau qua xau cho via san pham va tiém an nhiéu rai
ro cho qua trinh khoan. Ching ta biét thuong khi khoan vao d4 granit tang méng ché d¢ bom rira théng
thuong 1a (16+22) I/s tuc 1a vao khoang (57,6+79,2) m¥h. Nhu véy, khoan “mo” bao nhiéu tiéng dong ho
thi khéi lvong dung dich trdi vao thanh hé chung ta tudng trong sé ton kém dén nhu thé nao.

Tir d6 cho thdy can cé thém giai phap khic phuc tinh trang mét tuan hoan dung dich phai khoan “mo”.
Ngay ca nhiing trudng hop mét dung dich nghiém trong ciing tiéu hao dung dich khong it va ciing d& gay
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ra sy ¢d. Cho dén nay hé dung dich khoan vi bot gdc nuéc c6 kha nang chéng mét tuan hoan dung dich ma
tram bit khe hong khong can mang theo vt liéu ran chua dugc nghién ciu (g dung.

Vi dic diém c6 kha nang khac phuc mat tuan hoan dung dich, c6 kha ning tai sir dung va chi phi thap
1a nhitng chi tiét chung ta can xem xét nghién ctru ap dung. Hon nita, chiing ta da c6 kinh nghiém ap dung
hé dung dich vi bot goc nu6e nay cua thé gidi 1a co so tin cay dé tham khao. V6i muyc dich gia ting san
luong dau khi cho Té qu00 va su tién bo cong nghé khoan - khai thac dau khi chdng ta nén nhanh chong
cap nhat nhitng ki nghé tién tién ciia thé gi¢i da phat minh, mt khac con c6 thé nghién ctru phat huy hon
nira hiéu qua ctia phuong phéap hoac tir d6 c6 thé c6 dé tai méi tdi uu hon.

Tai liéu tham khao

US Patent No. US 44886333.
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ABSTRACT

Research on the use of water-based micro foam drilling fluid for
the basement of Bach Ho oil field

Vu Thiet Thach?, Le Van Nam?!
! Hanoi University of Mining and Geology

In the process of drilling at Bach Ho oil field, there is often negative pressure arnomal causing loss of liquid
circulation, which is always a problem that needs to be considered during drilling into the seams with
negative pressure anomalies. The loss of fluid circulation occurs when there is a pressure difference
between the hydrostatic pressure of the column of the solution and the reservoir pressure, the drilling fluid
moves into the seam (cavity zones, cracks), causing contamination to the wall. system. Therefore, when
there is a loss of circulation without any solution, it is imperative to stop drilling, in some cases to pour a
cement bridge to destroy the well, increasing costs as well as environmental pollution. Currently, there are
many remedial armor methods, but not completely.

In this paper, the authors propose a highly feasible solution that is to use micro foam solution (a solution of
low density) to drill into the basement of Bach Ho mine. In the world, people have used water-based micro
foam solution to prevent circulatory loss successfully and give high drilling productivity for many objects
with complicated seam pressure.

Keywords: Bach Ho oil field, Drilling fluid, based foam.
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Cong nghé tén cha khi thién nhién hoa long - mot phuong an ton trir
hiéu qua dé dam bao an ninh niang luong qudc gia
Cong Ngoc Thang®*, Hoang Anh Tuén?2

! Truong Pai hoc Mo - Dia chdt
2 Tdp doan Dau khi Viét Nam

TOM TAT

Véi nhu cau sir dung niang luong ngay cang tang cao dé phuc vy myc tiéu tang truong kinh té ciing véi san
lwong khai thac khi trong nuéc dan dan suy giam, viéc nhap khau khi dé bu dap nhu cau sir dung hién hitu
va dép g cac khach hang méi (dac biét 1a cac Nha may dién) la hét suc cap bach. Vi vay, Tap doan Dau
khi Viét Nam da va dang trién khai céc du an nhap khau khi thién nhién héa long (LNG) dé dam bao an
ninh nang luong va dap wng nhu cau tiéu thu ngay cang cao cua cac khach hang. Khi thién nhién héa long
- dwoc nhép tir cac nude xuat khau va van chuyén vé Viét Nam bing cac thu LNG chuyén dung - s& dugc
ton trir tai cac bon chira LNG chuyén dung dat tai Kho cang nhéap khau LNG, sau d6 dwoc tai hoa khi dé
cung cap cho cac khach hang. Day la cong ngh¢ t6n trir LNG lan dau tién duoc sir dung tai Viét Nam nén
van con méi mé, can duoc lam rd. Trong bai b4o nay, nhom tac gia tap trung gici thiéu cong nghé san xuat,
van chuyén, tiéu chuan chat luong va dac biét 1a cong nghé ton chira LNG dé gop phan chuyén tai xu huéng
cdng nghé méi chuan bi duoc dua vao ap dung trong nganh cong nghiép khi Viét Nam.

Twr khéa: khi thién nhién; khi thién nhién héa long; LNG; cong nghé LNG

1. Pit véan dé

Khi thién nhién héa long (LNG - Liquefied natural gas) la san pham c6 ngudn géc tir khi thién nhién,
thanh phan chi yéu la khi metan (CHa) chiém trén 85% mol, dwoc héa long trong khoang tir -166 °C dén -
157 °C tai &p suat khi quyén. LNG la chit long khong gy an mon, khong mau, c6 khéi lugng riéng khoang
420 - 470 kg/md. Theo thong 1€, mét (01) tricu tan LNG quy d6i twong duong 1,36 -1,40 ty m? khi (phu
thudc vao thanh phan céac ciu tir trong LNG). Khi chuyén khi ty nhién thanh LNG thi thé tich giam di 600
lan, do 6, LNG dugc tdn chira va van chuyén rat d& dang.

Tinh dén cudi nam 2018, trén thé gisi c6 19 qudc gia xuét khau va 36 qudc gia nhap khau LNG, trong
s6 @0, Qatar 1a qudc gia gitr vi tri ding dau, cung cip 24,9% (78,7 triéu tan) tong san lugng LNG cua thé
gioi. Uc chiém vi tri tha 2 véi san lwong dat 68,6 triéu tin. Theo tai liéu nam 2019 cua Hiép hoi khi thé
gidi - International Gas Union (IGU), san lvong LNG giao dich trén thé gi¢i nam 2018 dat 316,5 triéu tin
trong d6 nhom cac qudc gia Chau A - Thai Binh Duong tiéu thu khoang 240 triéu tin LNG, chiém 76%
tong cau LNG thé gigi. Nhat Ban (83,2 triéu tan), Trung Quéc (54,8 triéu tan) Han Qudc (38,6 triéu tin)
1a 03 quéc gia nhap khau LNG nhiéu nhat, chiém 55,7% san lugng LNG thé gigi. Vé nhu cau LNG, dén
nam 2020, trén thé giGi hién c6 38 qudc gia tham gia nhap khiu LNG, trong d6 khu vuc Dong Nam A hién
co Thai Lan (2011), Singapore, Malaysia (2013) va Indonesia, Myamar va Philipine (2019-2020). Trung
tam tiéu thu LNG chinh cua thé gidi van & khu vige Chau A Thai Binh Dwong véi céc nha nhap khau LNG
I6n nhu Nhat Ban, Trung QUOC Han Quéc va An Db.

Theo danh gia cua tu van IHS, tdng nhu cau tiéu thu LNG trén thé gidi giai doan 2020-2030 vao khoang
360 dén 450 trigu tan. Du Kién trong giai doan 2018-2025, nhu Cau LNG gia tang nhanh chong tir gan 300
trigu tan/nam 1én dén gan 400 triéu tn/nam chi yéu 1a do nhu cau tiéu thu nang luong tai Trung Quéc, An
D¢ va cac nudc Dong Nam A. Céc thi truong dang trong giai doan hinh thanh nhu tai My Latinh va Béc
Phi ciing gop phan vao sy gia ting nhu cau tiéu thu khi/LNG tuy nhién tong nhu cau van & mac vira phai,
du kién trung binh x4p xi 50 triéu tin/nam cho cac thi trudong nay giai doan 2018-2025.

2. Tinh hinh trién khai nhap khay LNG tai VigtNam
2.1. M6 hinh sdn xudt - vgn chuyén - ton chira LNG (Chuai gid tri LNG)

*Tac gid lién h¢
Email: congngocthang@humg.edu.vn
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Trén thé gisi, LNG duoc sir dung dé thay thé khi tu nhién ¢ nhitng khu virc xa ngudn cung cip khi ciing
nhu ding dé bu dap vao ngudn khi cung cap bi thiéu hut. Mac du, chi phi dau tu, didu kién va chi phi van
hanh cho dy 4n LNG 16n hon ddi véi du an duong 6ng, hau hét cac nudc phat trién trén thé gisi van cho
trién khai dong thoi hai giai phap ndy nham da dang hod ngudn cung cap khi ty nhién, kip thoi diéu hoa
cung cau khi tu nhién cho h¢ thong duong dng nham giam tdi da viéc dot khi ty nhién du do nhu cau sir
dung khi tw nhién cua cac nha may dién thay doi tirng thoi diém ngoai ké hoach. Hinh 1 giéi thiéu mé hinh
chudi gié tri LNG dang duoc sir dung.

Khai thac San xuat Van chuyén Ton chira Tiéu thu
Hinh 1. Chudi gia tri LNG (Inkyu va nnk, 2017)

Can cr vao can ddi cung - cau khi tai Viét Nam, ngudn khi tu nhién khai thac trong nuéc méi chi dap
rng nhu cau cuc bd tai ting khu vue (Dong Nam bd, Tay Nam bo...), trong khi d6, nhu cau sir dung ning
lwong tai Viét Nam ngay cang ting cao, dac biét 1a nhu cau khi cho cac Nha may dién sir dung khi trong
tuong lai gan. Lugng khi thiéu hut can phai c6 nguon bé sung bang LNG va/hogc bang khi nhap khau qua
duong ong.

2.2. So sdnh cdc phwong thirc vin chuyén khi

Hinh 2 gioi thiéu mo hinh danh gia kha ning va cong nghé sir dung dé van chuyén khi thién nhién dua
trén khoang cach dén noi tiéu thu. Theo Hinh 2, uu diém Ién nhat cua LNG 1a dé cung cap khi cho cac ho
tiéu thu & xa ma khéng thé van chuyén bang duong ng ma su van chuyén nay thuong bang tau bién. Day
chinh 1a mét trong nhimg wu diém 16n nhat cua Viét Nam, boi vi nude ta 6 mot hé thdng b bién rat 1on
(3260 Km), trai dai tir Bic vao Nam nén thuan lgi khi trién khai nhap khau/cung cip LNG bang duong
thuy.

10° Sm®/ngay
Kha ning
25 va
cong nghé
10
str dung
§ khi
1 nhién
L\l 1 1 1 I
0 1000 2000 3000 4000 5000
Khoang cach - Km
Viét tat

LNG: Liquid Natural Gas

GTL: Gas to Liquid

CNG: Compressed Natural Gas
HVDC: High Voltage Direct Current

Hinh 2. Phuwong dn sir dung va vdn chuyén khi thién nhién (KOGAS)
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Viéc nhap khau LNG cung cap cho cac khéch hang hién hiru (dién, dam, cong nghiép...) va bu dip thiéu
hut ngudn cung cip khi trong nudc 1a van dé tit yéu caa Viét Nam giai doan t6i day. Theo quyét dinh
60/QD-TTg ngay 16 thang 01 nam 2017 cua Thu tuéng Chinh pha va viéc phé duyét Quy hoach phét trién
nganh céng nghiép khi Viét Nam giai doan dén 2025, dinh hudng dén 2035, Viét Nam s& bat diu tham gia
vao thi truong nhap khau LNG tir nam 2022 véi ké hoach nhap khau LNG dy kién trong giai doan 2021 -
2025 1a 1 - 4 ty m3¥nam va giai doan 2026 - 2035 14 6 - 10 ty m¥%nim. Cac du an nhap khau LNG di c6
trong Quy hoach phat trlen nganh cong nghiép khi Vit Nam dugc gidi thieu trong Bang 1. Co thé thay
rang, dé dap ung nhu cau trong nudc, Vit Nam s& phai xay dung nhiéu kho cang nhap khau va ton trix
LNG véi quy md tuong ddi I6n. Hinh 3 md ta so bo so dd tong quan nhap - ton trir - tai hoa tai mot kho
chira LNG. Pay chinh 1a mé hinh dy kién s& duoc str dung tai kho cang nhap khau LNG Thi Vai véi cong
suat 1 triéu tin LNG/nim (PVGas).

Bang 1. Quy hoach cé&c dir &n nhdp khdu LNG cua Viét Nam

TT Dw 4n Thoi diém Cong suat
vén hanh (trigu tdn/nim)

1 | Kho LNG Thi Vai 1 triéu tan nim Q2/2022 1
Kho LNG Thi Vai mé rong 3 triéu tan nam 2024 3

2 | Kho LNG Son My (Binh Thuén) - giai doan 1 2024 1-3
Kho LNG Son M¥ (Binh Thuén) - giai doan 2 2027-2030 3
Kho LNG Son My (Binh Thuan) - giai doan 3 2031-2035 3

3 | Kho LNG Tay Nam B¢ (Ca Mau) - giai doan 1 2023-2025 1
Kho LNG T&y Nam B - giai doan 2 Sau 2025 1-2

4 | Kho LNG Péng Nam B6 (Tién Giang) 2022-2025 4-6

5 | Kho noi LNG (FSRU) Théi Binh 2026-2030 0,2-0,5

6 | Kho LNG Mién Bic (Hai Phong) 2030-2035 1-3

7 | Kho LNG Khénh Hoa 2030-2035 3

8 | Kho LNG Hai Linh - giai doan 1 (120.000 m®)
Kho LNG Hai Linh - giai doan 2 (100.000 m?) Q2/2021 1-2

— LNG
NG
w— Nuwé'c bién
Chat mui
BOG

Nhap LNG Clo héa

Bo'm nuéc bién

—* BomlLP

Bo6n chira

@

SMV
Po dém
(=
May nén BOG
B tai ngung Thiét bi tao mui
budcdst () 1:) @ Tiéuthy Nha may
: khi dién

Hinh 3. So' d6 tong quan nhdp - ton triz - tai héa tai mét kho chiza LNG

2.3. Céc tiéu chudn kj thugt chinh si- dung thiét ké kho chira LNG
2.3.1. Yéu cau ky thugt khi thiet ke bon chira LNG

Thié‘g ké cac bon chira LNG phai tuan thu theo cac tiéu chuan Quéc té va tiéu chuan Viét Nam, mot sb
thong so6 ky thuat chinh phai tinh toan dé Iya chon:

- Thong sb thiét ké: Thé tich chira, Ap suat, nhiét d6 (Design and services data)
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- Kich thudc chinh: Dudng kinh, chiéu cao (Main dimensions)

- Lép trong/L6p ngoai (Inner tank/outer tank)

- Bdo 6n/Cach nhiét (Insulation)

- He thong duong 6ng trong/ngoai (Internal and external piping)

- Thiét bi an toan va dleU khién (Instrumentatlon and safety devices)

Bang 2 giGi thiéu mot sb tiéu chuan Quéc té va tidu chuan Viét Nam dugc sir dung trong thiét ké céc
bon chira LNG (Bo Khoa hoc va Cong nghé, 2010).

Bang 2. Tiéu chudn thiét ké bon chiza LNG

Tiéu chuan Viét Nam

TCVN 8610:2010

Khi thién nhién hoa long (LNG) - Hé thong thiét bi va lap dat - Tinh chat chung
cua LNG.

TCVN 8611:2010

Khi thién nhién hoa Iong (LNG) - Hé thong thiét bi va lap dat - Thiét ké h¢
thong trén bo;

TCVN 8612:2010

Khi thién nhién hoa long (LNG) - H¢ thong thiét b va lap dit - Thiét ké va thur
nghiém can xuat nhap.

TCVN 8613:2010

Khi thién nhién hoa long (LNG) - Hé thong thiét bi va lap dat - Quy trinh giao
nhéan san pham;

TCVN 8614:2010

Khi thién nhién héa long (LNG) - Hé thdng thiét bi va ldp dat - Thir nghiém
tinh tuong tl}ich cua cac loai vong dém duogc thiét ké cho dau ndi bang mat bich
trén duong ong LNG,;

TCVN 8615-1:2010

Thiét ké, ché tao tai cong trinh bé chira bang thép, hinh tru dimg, déy phing
di}ng dé chua Céf: loai Khi hoa long duoc 1am lanh & nhiét @6 van hanh tur 0°C
dén -165°C - Phan 1: Qui dinh chung;

TCVN 8615-2:2010

Thiét ké, ché tao tai cong trinh bé chtra bang thép, hinh tru dimg, déy phing
dung dé chira Cép loai Khi hoa long duoc 1am lanh & nhiét @6 van hanh tu 0°C
dén -165°C - Phan 2: Céc bd phan kim loai;

TCVN 8615-3:2010

Thiét ké, ché tao tai cong trinh bé chira bang thép, hinh tru dimg, day phang
dung de chura cép loai Khi hoa long dugc lam lanh & nhiét @6 van hanh tir 0°C
dén -165°C - Phan 3: Céc b phén bé tong;

TCVN 8616:2010

Khi thién nhién hoéa long (LNG) - Yéu ciu trong san xuét, ton chira va van
chuyén;

Tiéu chuan Qudc té

NFPA 59A

Standard for the Production, Storage, and Handling of Liquefied Natural Gas
LNG. (Tiéu chuan cho san xuat, ton trit va xtr ly khi thién nhién héa long LNG)

IP Part 9

Liquefied Petroleum Gas

Volume 1: Large Bulk Pressure Storage & Refrigerated LPG - Model Code
Safe Practice Part 9.

(Khi dau mo héa long

Quyén 1: Bdn chira LPG loai &p luc va loai nhiét do lanh - Phan 9: Bo quy tic
thyc hanh an toan)

BS 7777

Flat-bottomed, vertical, cylindrical storage tanks for low temperature service.
(Bon tru dimg, day phang st dung ¢ nhiét d6 thap)

API 2000

Venting Atmospheric and Low-pressure Storage Tanks.
(Tiéu chuan vé xa khi cho bon chira khdng 4p suat va &p suat thap)

2.3.2. C4c logi bon chira LNG dién hinh

Hién nay, trén thé gisi dang sir dung 03 loai bon chira LNG chu yéu sau: 1) Bon chia thanh don (Single
Containment Type), 2) Bon chira thanh déi (Double Containment Type) va 3) Bon chir thanh toan bo (Full
Containment Type). Hinh 4, 5 va 6 gi6i thiéu so lugc vé cac loai bdn chita LNG nay (KOGAS).

3. Bon chira LNG dung tich 200 000 m?

Bdn chira LNG dung tich 200 000 m? 12 loai bdn dang dwoc ding hién nay va du kién duoc xay dung ¢
mot sb kho cang LNG caa Viét Nam. Cac thdng sb ky thuat caa bon chira LNG dung tich 200 000 m? dugc
cho trong Bang 3. Hinh 7, 8 va 9 mé ta so bo cau tric bé chira LNG loai 9% Ni 6 thanh toan bo, mat cit
ngang bon chira LNG 200 000 m2 va muc chira ciaa bon LNG 200 000 m? nay (PVGas).
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Hinh 4. Bon chita thanh don (Single Containment Type) (KOGAS)
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Hinh 5. Bon chiza thanh déi (Double Containment Type) (KOGAS)
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Hinh 6. Bon chiza thanh toan bg (Full Containment Type) (KOGAS)
Bang 3. Thong sé ki thudt cua bon chiza LNG dung tich 200 000 m?

Théng s6 k§ thuat Théng s6 Ghi chu
Cong suat chira 200 000 m3 Gross capacity
Ap suét thiét ké 290 mbar Design pressure
Ap suit van hanh 250 mbar Operating pressure
Ty 1€ hoéa hoi/ngay 0.05% Design BOR
Murc long thiét ké 36.22m Design liquid level
Kiéu gia nhiét day Brine/Electric heating Type of base
Kiéu mai Concrete dome Type of roof
Lop trong Diameter 84.0 m Inner tank
(9% nickel steel) Height 37.6 m (9% nickel steel)
Lép ngoai Diameter 86.4 m Outer tank
(Pre-stressed concrete) Height 52.8 m (Pre-stressed concrete)
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TANK_SPECIFICATION

Hinh 7. Cdu tric bé chiza LNG logi 9% Ni, bon chira thanh toan bg (Full Containment Type) (PVGas)
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Hinh 8. Mgt cat ngang bon chiza LNG 200 000 m3 (PVGas)
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Hinh 9. Mizc chira ciia bon LNG 200 000 m? (PVGas)

152



4, Két luan

Tap doan Dau khi Viét Nam da dwgc Chinh phi giao cho trién khai dau tu xdy dung cac du 4n nhap
khau LNG dé duy tri cung cip cho cac khach hang trong nuée (Pién, Pam, Cong nghiép) - dy 1a mot trong
nhitng muc tiéu nham dam bao chién luoc an ninh ning lwong Qudc gia.

Nhap khau LNG la xu hudng tit yéu dé bu vao ngudn khi khai thac trong nudc dang suy giam, trong do,
sir dung cong nghé nhap khau bang tau LNG va ton chira trong LNG trong cac bon chira chuyén dung tai
cac kho nhap khu - 1a giai phap tdi uu hién nay. Cong nghé ton chira san pham LNG 1a méi tai Viét Nam,
hé thong thiét bi cong nghé dugc nhap khau tryc tiép tir cac nudc phat trién. Hién tai, Tp doan Dau khi
Viét Nam/Tong Cong ty Khi Viét Nam dang trién khai xay dung Kho nhap khau LNG 1 tri¢u tan tai Thi
Vai va du kién s& di vao van hanh tir nam 2022. Co quan quan 1y Nha nudc cua Viét Nam ciing da va dang
hoan thién Hé thong tiéu chuan dé ap dung trong thiét ké, xay dung va van hanh kho LNG.

Bai viét tong quan vé cong tac lya chon thiét ké va xdy dung bon chira LNG tai dyu 4n dién hinh dang
trién khai tai Viét Nam. Qua d6, ngudi doc c¢6 thé nim bit duoc vé dic tinh co ban cua nhién liéu LNG va
hinh dung day chuyén nhap khau LNG vé Viét Nam gdm cac khau: Mua ban - Van chuyén - Ton chira.
Dong thoi, tac gia cling da hé théng héa mot sé tiéu chuan Qudc té va Viét Nam tiéu biéu dang ap dung
trong linh vyre LNG, tong quan vé phan loai bon chira LNG va céc thong s dién hinh ctia bon chira LNG
thé tich 200 000 m?3 dang duoc thi cong tai Viét Nam.

Tai ligu tham khao

Inkyu Lee, Jinwoo Park, 1l Moon, 2017. Key issues and challenges on the liquefied natural gas (LNG)
value chain: A review from the process systems engineering point-of-view, Industrial & Engineering
Chemistry Research 57 (17), 2017.

KOGAS, LNG Tank Development Project.

PVGas, Bao cdo Nghién ctru kha thi Dy 4n kho cang LNG Thi Vai 1 triéu tAn/nam.

B6 Khoa hoc va Cong nghé, 2010, Quyét dinh s6 3017/QD-BKHCN ngay 31/12/2010 ctia B6 Khoa hoc
va Cong nghé v& ban hanh danh muc cac Tiéu chuin Viét Nam linh vuc LNG.

ABSTRACT

Liquefied natural gas (LNG) storage technologies - effective storage
methods for national energy security

Cong Ngoc Thang?, Hoang Anh Tuan?
! Hanoi University of Mining and Geology
2 VietNam Oil ang Gas Group (PetroVietnam)

This paper introduces an overview of liquefied natural gas (LNG), national and international regulations
and specifications and also technologies for LNG storage. In this paper, the authors also briefly summarizes
about the LNG chain value and LNG projects and the usage of LNG for national energy security in Vietnam.
The LNG storage tank of 200 000 m? is introduced as an example of LNG tanks for the Thi Vai LNG
terminal project of one million of tons.

Keywords: Natural gas; LNG - Liquefied natural gas; LNG technologies.

153


https://www.researchgate.net/journal/0888-5885_Industrial_Engineering_Chemistry_Research
https://www.researchgate.net/journal/0888-5885_Industrial_Engineering_Chemistry_Research

E R:S, E HOI NGHI TOAN QUOC KHOA HQC TRAI BAT
EARTH SCIENCES AND A A - 3 z 2 > ~
e« VA TAINGUYEN VOI PHAT TRIEN BEN VIPNG (ERSD 2020)
SUSTAINABLE DEVELOPMENT

Nghién cuu giai phap dam bao dong chay cho tuyén dng thu gom
van chuyén san pham tir gian BK-20 vé gian CTK-3 mé Bach Ho
Nguyén Van Thinh'*, Nguyén Thi Hai Yént, Nguyén Dirc Chinh?

) ! Truong Pai hoc Mo - Dia ghcft
2Tong Cong ty Tham do Khai thac Dau khi (PVEP)

TOM TAT

Bach Ho 1a mo dau khi 16n nam & L6 09-1 bé Ctru Long, hién dang duoc van hanh va khai thac bai Lién
doanh Dau khi Viét-Nga (Vietsovpetro). Trai qua trén 30 nam hoat dong, lwong dau khai thac trén cac gian
hién nay dang c6 xu huéng giam manh. Diéu nay doi hoi can phai phat trién thém cac gian méi dé dam bao
duy tri san lwong khai thac. D& phuc vu cho muc dich trén, gian BK-20 dugc xay dung. San pham khai thac
tir gian nay dwoc van chuyén vé gian cong nghé trung tam CTK-3. Bé qua trinh van chuyén san pham dam
bao an toan va hiéu qua, can phai x4c dinh duoc cac thdng sb nhiét va thuy dong luc hoc phii hop cho viéc
van chuyén san pham. Bai bao trinh bay céc nghién ciru vé qua trinh dam bao dong chay cho hdn hop dau
khi tir gian BK-20 vé gian cdng nghé tung tim CTK-3 duwa trén céc tinh toan thuy lrc va phan tich s6 liéu
tir thuc té san xuat. Cac két qua nghién ctiu chi ra rang truong hop khai théc voi luu luong téi da va dua
hdn hop khi long vé CTK-3 thi &p suat tai riser cua BK-20 s& dat gié tri 1a 25 atm va 19,5 atm twong ing
v6i phuong an khai thac khong c6 nude bom ép va cd nude bom ép. Pong thoi, can dua duong dng van
chuyén nuéc bom ép vao van hanh ngay tir khi khoi dong gian dé phuc vu viéc xdc rira duong 6ng nham
tranh hién tuong ling dong paraffin.

Tir khoa: Bao dam dong chay, M6 Gau Tring, M6 Bach H6, Budng dng van chuyén dau

1. Mé dau

Bach Ho 1a mo dau khi 16n cua Viét Nam dugce didu hanh va quan ly bai Lién doanh Viét-Nga
(Vietsovpetro). Ké tir khi dugc phét hién va dua vao khai thac tir nim 1986 dén nay, san luong ciia mo
Bach Hé dang trén da suy giam manh. Trude tinh hinh d6, Lién doanh Vietsovpetro da c6 nhiéu giai phap
khac nhau dé duy tri san lwong khai thac hang ndm ctia mé nhu bom ép nudc (Nguyén Vian Thinh va Pham
Thé Anh, 2018), bom ép khi... Song song véi cac giai phap do, 1a viéc phat trién thém quy giéng va xay
dung thém cac gian nhe trong khu vic cia mo. Gian BK-20 duoc xay dung xuat phat tir bdi canh nhur vay.
Gian nay duoc xay dyng tai khu vuc Tdy Nam moé Bach Hé, cach gian cong nghé trung tam CTK-3 7,3 km
vé phia Tay Nam va cach gian nhe BK-9 5,9 km vé phia Tay Bic cia mé Bach H6 (Hinh 1). San pham khai
thac trén BK-20 duoc van chuyén bang dudng 6ng ngam vé gian CTK-3 duéi dang hdn hop dau khi dé tiép
tuc xur Iy. DE qua trinh van chuyen san pham dugc dam bao an toan, can xay dung cac kich ban van chuyén
khac nhau, dua trén cac s liéu khai thac du klen ddi voi qua tr|nh phat trién mo. Be phuc vu cho qué trinh
tin toan cac thong sé nhiét thay luc cua duong ong van chuyen can co cac thong s6 lién quan dén tinh chat
héa ly cia san pham. Trén co s& do6, cac mau dau tir 6 d6i twong thir via cua giéng MTD-1X da duoc thuc
hién vao nam 2018. Cac két qua phan tich mau dau dwoc trinh bay trong Bang 1.

Bang 1. CAc tinh chdt héa ly cia dau da tach khi cia gieng MTD-1X, gian BK-20

1 | Tén giéng MTD-1X
2 | bosau, m DST#2 3820
3 | Ngay lay mau 16/01/18

4 | Ngay nhan mau 25/01/18

5 | Ty trong & 20°C, glcm?® 0,7975

6 | Ham luong nudce, % thé tich 0,9

7 | Ham luong mudi clorua, mg/l

8 | Ham luong tap chit co hoc, % khdi luong 0,015

*Tac gid lién h¢
Email: nguyenvanthinh@humg.edu.vn
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9 | Nhiét do dong dic, °C 16
10 | P6 nhét ¢ 50 °C, mm?/s 1,99
11 | B6 nhét ¢ 70 °C, mm?/s 1,53
12 | Do tro, % khdi luong 0,013
13 | Ham lugng luu huynh, % khdi lugng 0,0538
14 | Ham lugng paraffin, % khdi lugng 13,13
15 | Nhiét do néng chay paraffin, °C 57
16 | Ham lugng asphalten, % khoi lugng 1,67
17 | Ham lugng nhuya, % khdi lugng 3,03
18 | Ham luong than cdc, % khdi lugng 0,402
19 | Khdi lugng phan tir, g/mol 180,55
20 | Ham luong kim loai Ca-Fe-Ni-V, ppm 1,005/0,660/0,228/0,081
21 | Nhiét d6 bét dau sdi, °C 75
Thanh phan chung cat, % thé tich: dén 100°C 55
dén 150°C 52,5
dén 200°C 38
” dén 250°C 48
dén 300°C 60
dén 350°C 73,5
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2. Xay dung phwong an dam bao dong chay cho cho tuyén 6ng van chuyén san pham

Dua trén cac két qua phan tich trinh bay trong Bang 1 cho thdy, dau khai thac tai BK-20 chira nhiéu
paraffin, ham lugng cac chat nhya-asphalten cao. Pay 1a mot trong nhiing théch thic I6n doi véi qua trinh
van Chuyen san pham (Tur Thanh Nghia va nnk, 2015). Boi vi khi ham lugng paraffin trong dau ting cao
dan dén viéc van chuyén dau gap rat nhiéu khé khan do van dé ling dong paraffin bén trong duong ong
(Phung Dinh Thuc va nnk, 2003; Tran Vin Vinh va nnk, 2015). Khi van chuyén, tai diéu kién nhiét do tiém
can nhiét d¢ dong dac cua dau, s& xay ra hién tuong ling dong manh paraffin - keo nhya trén bé mat thanh
duong 6 ong khai théc cling nhu duong dng thu gom van chuyen dau, lam giam kha nang luu thong cua luu
chét trong duong dng (Téng Canh Son vannk, 2015). Dleu nay s& lam tang ton hao &p suat trong qua trinh
van Chuyen ddng thoi gay ra nguy co tic nghén duong ong Déi véi tuyen ong van chuyén san pham tur
BK-20 vé CTK-3, dé dam bao qua trinh van chuyén san pham khai thac dén CTK-3 duoc an toan, dong
thoi dé c6 thé két ni véi cac cong trinh khéc, tuyén ng thu gom van chuyén tir BK-20 vé CTK-3 cin dugc
boc céach nhiét.

Két qua phan tich dwoc trinh bay trong Bang 1 ciing cho thdy, nhiét d6 dong dac cua san pham ¢ muc
thip (16°C), do vay viéc xu ly san pham cua BK-20 bang céc chit giam nhiét d6 dong dac trong giai doan
dau cua qua trinh khai thac 1a khdng can thiét.

Dua trén két qua phan tich vé tinh chit caa dau tai BK-20 va dic tinh caa tuyén dng van chuyén tir BK-
20 vé CTK-3, trén co s& dam bao an toan cho qué trinh van chuyén san pham, ¢ thé xem xét cac phuong
an sau:

- Puong 6ng dugc boc cach nhiét nham han ché téc do ling dong paraffin trén thanh dng, dam bao kha
ning két ndi véi céc cong trinh tiém ning trong twong lai téi BK-20;

- Dya trén céc két qua phan tich cho thay, kha nang bam dinh trén bé mat duong 6ng cua san pham khai
thac cua BK-20 khdng cao. Chinh vi vay, trong qué trinh van hanh duong éng, can dinh ky bd sung nudc
vao hé thong van chuyén dé day I6p ling dong paraffin mém nay khoi duong ong;

- Trén BK-20 duogc b tri lip dat hé théng chemical injection dé c6 thé sir dung trong trudng hop can
thiét, khi c6 sy thay d6i tinh chat cua dau thd trong qué trinh khai thac, hozc khi két néi véi cac cong trinh
1an can dé van chuyen san pham co tinh chét théc khac biét.

Céc phuong 4n dé xuat & trén cho phép dam bao kha nang van chuyén dau tir BK-20 dén CTK-3, dong
thoi van dy phong cho cac trudng hop phat sinh ky thuat c6 thé phat sinh trong twong lai. Céac thong s6 khai
thac va van chuyén san pham cua céc giéng trén BK-20 theo timg nam ddi vai timg truong hop khac nhau
duoc trinh bay trong Bang 2 va 3.

Bdng 2. Cac thdng sé khai thac va védn chuyén san pham BK-20 trong trieong hop khéng cé bom ép nuwéc

- Qi Quone Quece, Hég:r gzc;mg ‘ Khai thac khi, nghin m%gjd
m3/ngd m3/ngd m3/ngd % \/ dong hanh |  gaslift tong
2019 384,6 5154 130,8 254 79,74 41,0 120,7
2020 1039,7 1526,4 486,8 31,9 619,77 195,0 814.,8
2021 530,1 12948 764,6 59,1 870,92 219,0 1089,9
2022 32,3 131,8 99,4 75,5 44,12 88,0 132,1
2023 12,4 45,7 33,3 72,9 9,88 39,0 48,9
2024 12,5 48,0 35,6 74,0 6,55 36,0 42,6
2025 9,2 45,2 36,0 79,6 2,78 32,0 34,8
2026 7.4 34,7 27,3 78,7 1,89 25,0 26,9
2027 6,3 27,5 21,2 77,0 3,08 20,0 23,1
2028 4,3 22,6 18,3 80,9 1,08 16,0 17,1
2029 3,8 16,8 13,0 77,6 0,84 11,0 11,8
2030 3,5 15,7 12,2 77,6 0,71 11,0 11,7
2031 3,2 13,7 10,4 76,2 0,66 8,0 8,7
2032 2,8 11,4 8,6 75,3 0,58 8,0 8,6
2033 24 9,2 6,8 74,1 0,57 7,0 7,6
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2034 2,1 7,8 5,7 72,8 0,51 6,0 6,5
2035 19 6,9 50 72,6 0,37 4,0 4,4
2036 1,7 6,2 4,6 73,4 0,28 4,0 4,3
2037 15 53 3,8 72,3 0,22 4,0 4,2
2038 1,4 4,6 3,3 70,8 0,19 4,0 4,2
2039 13 4,3 3,0 70,3 0,15 4,0 4,1
2040 1,2 4,0 2,8 70,4 0,12 4,0 41
2041 11 3,7 2,6 70,6 0,10 3,0 3,1
2042 1,0 3,4 2,4 71,4 0,08 3,0 3,1
2043 0,9 3,2 2,2 70,7 0,07 3,0 3,1

Bdng 3. Cac thdng sé khai thac va vdn chuyén san pham BK-20 trong trieong hop cé bom ép nuréc

, Ham lugng Khai théc khi, nghin m%ngd

Nim diéuy gléngl Q:Snuécl nll'(’)'C, . . ] .

m®/ngd m3/ngd m°/ngd 9% thé tich dong hanh gaslift tong
2019 384,6 515,4 130,8 25,4 79,88 41,0 120,9
2020 1010,6 1431,5 420,9 29,4 495,97 166,0 662,0
2021 626,4 1425,0 798,6 56,0 407,87 137,0 5449
2022 379,9 13714 991,5 72,3 227,20 159,0 386,2
2023 243,2 1257,4 1014,2 80,7 88,52 167,0 255,5
2024 182,8 1219,7 1036,9 85,0 43,56 165,0 208,6
2025 146,7 1204,9 1058,2 87,8 26,84 159,0 185,8
2026 122,8 1198,7 1076,0 89,8 19,04 160,0 179,0
2027 105,1 1195,9 1090,8 91,2 15,04 158,0 173,0
2028 89,3 1194,6 1105,2 92,5 12,88 161,0 173,9
2029 75,7 1193,7 1117,9 93,7 12,35 161,0 173,4
2030 64,7 1192,6 1127,9 94,6 12,46 161,0 173,5
2031 56,3 1191,8 1135,5 95,3 12,26 162,0 174,3
2032 49,5 1191,1 1141,6 95,8 11,95 164,0 175,9
2033 44,0 1190,6 1146,6 96,3 11,49 165,0 176,5
2034 39,5 1190,2 1150,8 96,7 11,05 166,0 177,0
2035 35,6 1189,9 1154,3 97,0 10,54 167,0 1775
2036 32,3 1189,7 11574 97,3 10,14 168,0 178,1
2037 29,3 1189,4 1160,1 97,5 9,77 168,0 177,8
2038 26,7 1189,2 1162,5 97,8 9,41 169,0 178,4
2039 24.4 1189,0 1164,6 97,9 9,07 170,0 179,1
2040 22,4 1188,9 1166,5 98,1 8,77 172,0 180,8
2041 20,6 1188,7 1168,1 98,3 8,53 172,0 180,5
2042 18,9 1188,5 1169,6 98,4 8,28 173,0 181,3
2043 17,5 1188,4 1170,9 98,5 8,05 173,0 181,1
2044 16,1 1188,3 1172,1 98,6 7,83 173,0 180,8
2045 15,0 1188,2 1173,2 98,7 7,65 173,0 180,6
2038 27,9 1189,6 1161,7 97,7 10,53 169,0 179,5
2039 25,5 1189,4 1163,9 97,9 10,18 170,0 180,2
2040 23,4 1189,2 1165,8 98,0 9,84 172,0 181,8
2041 21,5 1189,0 1167,6 98,2 9,49 172,0 181,5
2042 19,7 1188,8 1169,1 98,3 9,20 173,0 182,2
2043 18,2 1188,7 1170,5 98,5 8,96 173,0 182,0
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Tu Bang 2 va 3 cho thay, san luong khai thac tdi da theo 1ong va theo khi trén BK-20 trong truong hop
khong c6 nude bom ép dién ra vao ndm 2020 véi san lwong dat 1526,4 m? chit long/ngd, ham lugng nuéc
31,9% thé tich. Luong khi ddng hanh va khi gaslift s& 12 1089,9 nghin m3/ngd. Trén co s& d6, qué trinh van
chuyén an pham tir BK-20 vé CTK-3 duoc thyc hién ¢ dang hdn hop khi long dwoc xem xét 4p dung theo
so db van chuyén ¢ Hinh 2.
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Hinh 2. So' dé cdc dwong ong van chuyén ciia BK-20 trong trirong hop khai thac khong c6 nude bom ép
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Hinh 3. So' dé cdc dwong ong van chuyén ciia BK-20 trong trirong hop khai théc c¢6 nude bom ép

3. Két qua tinh toan nhiét thily dong luc van chuyén hdn hep khi léng tir gian BK-20 vé gian cong
nghé trung tdm CTK-3

Céc thong sb van chuyén hon hop khi long BK-20 bang duong 6ng tir BK-20 vé CTK-3 trong truong
hop san lugng khai thac dat muc t6i da va cac két qua tinh todn nhiét thuy dong luc duoc trinh bay trong
cac Bang 4, 5va 6.

158



Bdng 4. Cdc théng s van chuyén hon hop khi long bang dwong ong BK-20 -> CTK-3

. . BK-20 -> CTK-3
Thong so van chuyén
Truwong hop khong bom ép Truwong hgp c6 bom ép
Quong, t/ngd 1526,4 1431,5
Ham luong nudce, % 31,9 29,4
Qkni déng hanh, NGNIN M¥/ngd 619,7 496,0
Quni gastift, Nghin m*/ngd 195,0 166,0
Do dai, km 7,3
Puong kinh, mm 323,8x15.9

Bdng 5. Két qua tinh todn nhiét thity déng lec van chuyén hon hop khi long fir BK-20 -> CTK-3
trong truwong hop khong bom ép, luu luong khai thac lon nhat
BK-20 CTK-3
P, atm T, °C P, atm T, °C
25 50 15 42

Bdng 6. Két qua tinh todn nhiét thity dong lec van chuyén hon hop khi long tr BK-20 -> CTK-3
trong truong hop co bom ép, lwu lwong khai thdac lon nhat

BK-20 CTK-3
P, atm T, °C P, atm T, °C
19,5 50 14 442

T cac két qua trong Bang 5 va 6 cho thay, & thé tich khai thac t6i da va dwa hdn hop khi-long vé CTK-
3, gia tri &p suat tai riser cia BK-20 s& dat 25 atm va 19.5 atm tuong (ng vai truong hop khong bom ép va
c6 bom ép.

Trén co s& cac phan tich duoc trinh bay trong cac phan ¢ trén, dé dam bao an toan cho qué trinh van
chuyén, ta chon giai phap duong éng duoc boc cach nhiét ddng thoi trong qud trinh van hanh duong éng,
can dinh ky b6 sung nuéc vao hé thong van chuyén dé day Iop lang dong paraffin mém nay khoi duong
ng. Chinh vi vay, khi khoi dong va trong khoang thoi gian dau van hanh duong dng BK-20 -> CTK-3, ¢an
dua vao van hanh duong ong van Chuyen nudce bom €p ngay tir khi khéi dong gian.

Khi thuc hién van chuyén san pham BK-20 & dang hdn hop khi long, lic nay viéc tach khi s& dugc thuc
hién trén CTK-3, sau d6 dwa khi dén gian nén khi trung tam CCP. Trong Bang 7, thé hién céac két qua tinh
toan van chuyén khi déng hanh tir CTK-3 dén CCP bang duong 6ng dan khi hién co, duong kinh 406*16
mm va dai 2708 m trong truong hop van chuyén ciing véi khi BK-20 (phuong an 1) va khong van chuyén
cung va6i khi BK-20 (phuong an 2).

Bdng 7. Cdc két qua tinh todn théng sé thity dong liee van chuyén hon hop khi long
bang dwong ong BK-20 -> CTK-3

CTK-3 CTP
Phwong an
Qxhi, nghin m¥/ngd | P, barg P, barg
Hién tai 1200 10,5
V6i lugng khi téi da phuong an 1 2300 12,8 9
V6i lugng khi téi da phuong an 2 1860 11,5

4. Két luan

Viéc xay dung va dua vao van hanh gian nhe BK-20 ¢6 vai tro rat quan trong trong viéc duy tri san luong
khai thac dau & mo Bach Ho trong giai doan hién nay. San pham khai thac tir gian BK-20 dugc van chuyén
& dang hdn hop dau khi v& gian cong nghé trung tam CTK-3 dé tiép tuc xu ly. Khi van chuyén trong truong
hop khai thac tbi da thi 4p sudt tai riser cia BK-20 s& dat gié tri 13 25 atm va 19,5 atm tuong (ng véi phuong
an khai thac khong co nudc bom ép va ¢6 nude bom ép. Gia tri nhiét do khong thay ddi (duy tri & gié tri
50°C) & ca hai truong hop. Cac két qua nghién ctru da chi ra rang, san phdm khai théc tai BK-20 ¢6 ham
lugng paraffin trong dbi cao. Do vay, dé xay ra hién tuong lang dong paraffin 1am giam kha ning luu thong
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cta luu chit trong duong 6ng, tang tén hao &p suat trong qua trinh van chuyén dong thoi gay ra nguy co
tac nghén duong 6ng. Trén co s céc phan tich dugc trinh bay trong cac phan ¢ trén, dé dam bo an toan
cho qua trinh van chuyen giai phap boc cach nhiét duong ong duoc lya chon. Dong thoi trong qud trinh
vén hanh duong bng, can dinh ky b sung nudc vao hé théng van chuyen dé day l6p ling dong paraffin
mém nay khoi duong dng. Chinh vi vay, can dua vao van hanh dudng 6ng van chuyén nudc bom ép ngay
tir khi khoi dong gian.
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ABSTRACT

Flow assurance solutions of crude oil transportation from BK-20
to CTK-3 platform at Bach Ho oil field

Nguyen Van Thinh®*, Nguyen Thi Hai Yen?, Nguyen Duc Chinh?
! Hanoi University of Mining and Geology
2PetroVietnam Exploration Production Corporation (PVEP)

Bach Ho, a large oilfield located at Block 09-1 Cuu Long basin, is operated and exploited by Vietsovpetro.
Over the 30 years of operation, production from the platforms at this oilfield has decreased sharply. It has
become an urgent need to construct new platforms or develop more oil fields in order to maintain the total
production. Therefore, the BK-20 platform was built in this area to meet this demand. Exploited products
from this offshore rig are transported to CTK-3 platform by subsea pipelines. To ensure the safety and
effectiveness of this transportation, it is necessary to appropriately determine hydrodynamic and thermal
parameters of the transmitted fluids. The article presents the research on flow assurance for the transport of
oil and gas from BK-20 platform to CTK-3 platform basing on hydraulic calculations and data analysis
from the current production process. The results of the research show that in the case of exploiting with
maximum flow rate and the transporting fluid to CTK-3 platform is the liquid gas mixture, the pressure at
the riser of BK-20 will reach to 25 atm and 19.5 atm respectively relevant to the production without and
with water injection. Moreover, the water injection pipeline should be operated immediately after the
commence of the platform so that the pipeline could be flushed to avoid paraffin of working platform is
necessary to serve pipeline flushing and to avoid paraffin deposition.

Keywords: Bach Ho oil field; Flow assurance; BK-20 platform.
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E RSE HOI NGHI TOAN QUOC KHOA HQC TRAI BAT
EARTH SCIENCES AND A A - 3 z 2 > ~
e« VA TAINGUYEN VOI PHAT TRIEN BEN VIPNG (ERSD 2020)
SUSTAINABLE DEVELOPMENT

Nghién ctu giai phap dam bao dong chay cho tuyén ng thu gom
van chuyén dau tir mo Gau Trang vé gian CTK-3 mo Bach Ho

Nguyén Vian Thinh!*, Nguy&n Thi Hai Yén, Trinh Tién Thang?, Téng Canh Son®
L Truong Pai hoc M6 - Pia chat
2T6ng Cong ty Tham do Khai thac Dau khi (PVEP)
3Lién Doanh Ddu khi Viét - Nga (Vietsovpetro)

TOM TAT

Mo dau khi Gau Tring, thugc L6 09-1 bé Ciru Long, hién dang dwoc Lién doanh Viét - Nga (Vietsovpetro)
quan ly va van hanh. San pham khai thac tir mo dugc van chuyén bang duong dng boc cach nhiét vé gian
CTK-3 mo Bach Hé. Trong qué trinh van chuyén, do nhiét do san pham tai miéng giéng khai thac va nhiét
d6 méi truong nudce bién thap, dan dén nhiét do cua dong san pham vé gian trung tam rét thap (dao dong
& mirc 26-28°C). Mat khac, dau thd khai thac tir mé Géu Tring co ham lugng paraffin va nhiét do dong
dic cao, dan dén nhiéu kho khan khi van chuyen bang duong ong ngam . Bé dam bao an toan cho hé théng
duong ong van chuyen dau, nhiét d6 cua chat luu van chuyen thuong phai cao hon nhiét d xuat hién tinh
thé parafin t5i thiéu 1a 5°C. Bai béo trinh bay cac giai phap dé dam bao an toan van chuyén dau tir mo Gau
Tring (gian GTC-1) vé gian CTK-3 mo Bach H6 thong qua viéc phan tich cac sb liéu thuc té va hiéu qua
lam viéc cua duong dng hién thoi tai mo va cac sé liéu thu duoc tir mé hinh héa dya trén phan mém chuyén
dung OLGA. Két qua nghién cau cho thay uu diém cia duong 6ng méi dugce xay dung tir mé hinh méd
phong van chuyén san pham tir gian GTC-1 vé gian BK-14 mo Bach H6 dudi dang hdn hop khi-long, sau
d6 cung vai cac san pham cia BK-14 van chuyén bang hai duong ng song song dén CTK-3. Ngoai ra, két
qua nghién ciru cho thay khi duy tri 4p suit & cac éng ding GTC-1, BK-14 lan luot 12 19,2 atm va 17,7
atm, c6 thé giam luong khi gaslift dang ké, tir 46 nang cao hiéu qua caa qué trinh khai thac va van chuyén.

Tir khoa: Bao dam dong chay, M6 Gau Tring, M6 Bach H6, Budng dng van chuyén dau

1. Mé dau

Trong nganh cong nghiép dau khi caa Viét Nam, van dé khai thac cac mo dau khi nho, mo can bién dang
ngay cang dugc quan tam do hién nay, san lwong khai thac tai mot s6 mo I6n nhu Bach H6, Rong. .. da qua
thoi ky dinh cao cua san lugng khai thac va dang ngay cang sut giam. Mat khéc, viéc khai thac cdc mé nho,
mo6 can bién ¢ thé tan dung co s¢ ha tang ciing nhu kinh nghiém quan Iy - van hanh cua cac mé Ion
(Nguyen Vi Truong Son va nnk, 2015). Trong qua trinh van chuyén san pham khai thac n6i chung va van
chuyen san pham tir cd&c mo nhod, moé can bién vé cac mo lén noi riéng, viéc dam bao dong chay dé van
chuyen an toan san pham nhét 1a d6i véi san pham van chuyén cé nhiéu paraffin dang ngay cang trd 1én
cap thiét (Tir Thanh Nghia va nnk, 2015; Phung Dinh Thuc va nnk, 2003; Hyun Su Lee, 2008; Ellision va
nnk, 2000).

Trong s6 c&c mé nho, mo can bién dang dwoc Lién doanh Viét-Nga (Vietsovpetro) khai thac c6 mo Géu
Tring. Mé nay dugc chinh thire dua vao khai thac tir nam 2013. Dau khai thac tai day c6 ham lwong paraffin
va nhiét d6 dong dac cao (Tran Van Vinh va nnk, 2015). Tai mo Gau Trang, dau duoc khai thac tir gian
nhe GTC-1 (nam céch gian BK-14/BT-7 6 km va cach gian CTK-3 mo Bach H6 7,7 km theo hudng Nam).
San pham khai théc trén GTC-1 & dang hdn hop khi-long dwoc van chuyén vé BK-14/BT-7 bang duong
ong ngam, sau d6 cung voi san pham khai théc tai cac gian nay duoc dua dén CTK-3 dé tach khi va nuéc.
Sau d6, dau da xir Iy dugce bom ra tau chita (UBN) dé Iuu trit va xuat bén.

* Tinh chdt héa ly cia ddu mé Gau Trang

Tai khu vuc mo GAu Trang da khoan céc giéng tham do GT-1X, GT-2X va tién hanh lay mau déi voi
giéng GT-1X cho 2 d6i tugng dé phan tich. Két qua phan tich dwoc trinh bay trong Bang 1. Céc két qua

* Tac gia lién hé
Email: nguyenvanthinh@humg.edu.vn
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phan tich nhiing tinh chat ly héa ciia cac mau chat long cho thay: dau tai mo Gau Trang c6 ham luong
parafin, asphalten va nhya cao; hé sb khi trong dau thap 48 m3/tin ; dau c6 d6 nhot cao. O trang théi tinh
va & nhiét d6 thap, dau tao thanh cu tric viing chic. Diéu ndy dan dén su can thiét phai xir Iy dé cai thiét
céc tinh chat nham phuc vu cho qué trinh van chuyén dam bao an toan.

Thuc té cho thiy, nhiét do cua via twong di thap (740C), didu nay doi hoi su can thiét phai sir dung
phuong phap xir Iy san pham trong long giéng bang cach bom cac hoa pham ha diém dong theo cac duong
ong xung luong vao giéng & do sau 2000 - 2500 m.

GTC1

6 km

BK-14/BT-7

Hinh 1. So' dé vdn chuyén san pham mé Gdu Trang vé CTK-3 mé Bach Ho

Bang 1. Tinh chdt héa Iy ciia ddu tach khi gieng GT-1X mé Gdu Trdng

Chi tiéu nghién ciru Ned Miocen N5 Miocen

Do sau lay mau, m 2784-2836 m 2675-2745 m
Ngay lay mau 20h45' 24/07/2011 01h00' 06/08/2011
Khdi lwong riéng & 20°C, g/cm? 0.9020 0.8814
Khéi lwong mol, g/mol 414.7 341.0
Ham luong nuéc, % thé tich. 6.0 0.2
Ham lugng NaCl mg/| 1290 10
Ham lwong tap chat co hoc, % khdi lugng. 0.149 0.029
Do nhét tai 50 °C, mm?/s 42.49 29.51
b6 nhét tai 70 °C, mm?/s 34.45 14.24
Nhiét d¢ dong dic, °C 40.0 37.5
Ham luong tro, % khoi lugng 0.4406 0.0152
Ham luong luu huynh, % khéi luong 0.1457 0.1071
Ham luong paraffin, % khdi lugng 22.4 23.1
Nhiét &6 ndng chay paraffin, °C 59 59
Ham luong asphalten, % khdi lwong 8.56 4.54
Ham luong nhua, % khdi luong 13.55 11.10
Ham luong cbc, % khdi lwong -
Nhiét d6 bat dau soi, °C 126 90
Thanh phan chung cat phan doan, %thé tich.

dén 100°C 0.3

dén 150°C 1.5 6.0

dén 200°C 6.5 12.0

dén 250°C 13.0 18.0

dén 300°C 22.0 25.5

dén 350°C 36.0 39.0

2. Giai phap véan chuyén san pham tir mé Gau Tring vé CTK-3 mé Bach Hé
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Dé giam thiéu téi da lwong nhiét ra moi truedng, qué trinh van chuyén san pham duoc thuc hién thong
qua hé thdng dudng dng boc cach nhiét, véi cac giai phap cu thé nhu sau:
2.1. Hoat dpng cé dinh ciia dwong éng GTC-1 -> BK-14

Trong giai doan dau khai thac, san pham ciia cac giéng trén gian nhe GTC-1 & dang hdn hop khi long
dugc van chuyén dén BK-14, sau d6 ciing véi san pham trén BK-14 (& dang hdn hop khi long) duoc van
chuyén vé& CTK-3 dé xu Iy dén dau thwong pham. Céac thdng sé lam viéc cua duong ng GCT-1->BK-14
khi van chuyén ¢é dinh, dugc thé hién trén Hinh 2 va Hinh 3. Phan duong dng nay chi ding dé van chuyén
san pham khai thac tai GTC-1. Cong suat van chuyén chat long trong khoang 600-800 m3/ngay dém. Cac
dir liéu trén Hinh 2 va 3 cho thay, san lugng dau khai thac thay doi tir 450 dén 620 m3/ngay dém. Thé tich
khi gaslift str dung dé khai théc dau tai GTC-1 nam trong khoang tir 180 dén hon 200 nghin m®ngay dém.
Ap suit dng ding trén GTC-1 dao dong tir 28 dén 30 atm, con &p suat dng dung tai BK-14 dao dong tir 25
dén 26,5 atm. D6 giam ap trén doan 6ng nay thay doi tir 2,0 dén 2,5 atm, gid tri trung binh 1 2,2 atm.

Ty thugc vao khdi lugng dau van chuyén trong dudng 6ng ndy, nhiét do cia hdn hop dau dén dng ding
BK-14 dao dong tir 28 dén 32 0C. Nhiét d6 san pham tai GTC-1 trong nim thay doi tir 32 dén 36°C (Hinh 3).
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Hinh 2. Luu lrong dau, chdt long va khi gaslift dwoc van chuyén bang dwong ong GCT-1->BK-14
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26 ;-
24
22 4
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—+—  Apsuit trén Ong ding GTC-1, atm  —e— Nhiét 4 trén dng ding BK-14, oC
—a— Nhigt 48 trén dng ding OTC-1, o —s— Ap suft trén fng ding BI-14, atm

Whidt d8 (C) va Ap sudt (atm)

Hinh 3. Cac thdng sé vdn chuyén bang dirong éng GCT-1 -> BK-14
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Céc thong s 1am viéc cua doan duong dng BK-14 -> CTK-3 khi van chuyén ¢ dinh, dugc trinh bay
trén Hinh 4 va Hinh 5. Poan duong dng nay dugc dung dé van chuyén hdn hop san pham khai thac tai
GTC-1 va BK-14. Cong suét van chuyén chat long 1a 3100-3600 m3/ngay dém. Lwong dau khai thac thay
ddi tir 1900 dén 2100 m3/ngay dém. Thé tich khi gaslift sir dung dé khai thac dau tai GTC-1 va BK-14 nam
trong khoang  tir 510 dén hon 530 nghin m%/ngay dém. Ap suat dng dung trén BK-14 dao dong tir 25 dén
26,5 atm, con 4p suat dng ding trén CTK-3 dao dong tir 14 dén 16 atm. D6 giam ap trén doan duong dng
nay thay déi tir 9,0 dén 11,5 atm, gid tri trung binh 1a 10, 5 atm.

Tay thugde vao luong dau van chuyén qua doan duong ng nay, nhiét d6 cua hon hop dau dén 6ng dung
CTK-3 dao dong tir 29 dén 31°C. Nhiét d6 caa hdn hop san pham GTC-1 + BK-14 trong nim thay ddi tir
46,5 dén 52 °C (Hinh 5).
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Hinh 4. Lueu lirong dau, chat long va khi gaslift diroc vdn chuyén bang dwong ong BK-14 -> CTK-3
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Hinh 5. Cac thdng sé vdn chuyén bang dirong éng BK-14->CTK-3
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2.2. Mb hinh héa qua trinh vdn chuyén san pham tir GTC-1 -> BK-14 -> CTK-3

Trén co s& phan tich hoat dong cua hé thong duong éng GTC-1 -> BK-14 -> CTK-3, chling ta c6 thé
xac dinh rang: dé van chuyén san phém khai thac trén GTC-1 dén CTK-3 can phai c6 &p suat cao & cac 6ng
diing GTC-1 (tir 28 dén 30 atm) va BK-14 (tir 25 dén 26,5 atm), diéu nay anh huong dén hoat dong ciia céc
gleng gasllft va can mot lugng 16n khi gaslift. Van dé nay c6 cac huong giai quyét nhu sau: Dé glam ap
Suét trén cac 6ng ding BK-14 va GTC-1, ¢6 hai phuong an van chuyén hdn hop san pham GTC-1 va BK-
14 dén CTK-3 dugc dua ra:

- Céc san pham trén GTC-1 & dang hdn hop khi long duoc van chuyén dén BK-14, tai day, cuing véi cac
san pham BK-14 s& dugc tach khi trong thiét bi tach khi so bd (UBOG) va sau d6 hdn hop sdn pham khai
thac ¢ dang dau bio hoa khi dugc van chuyén dén CTK-3. Khi tach ra duoc van Chuyen den gian céng nghé
trung tdm s6 2 (CTP-2) va dén gian nén Khi trung tam (CTP) dé nén. Dé lam diéu nay can xay dung duong
6ng dan khi BK-14 - BK-4 ¢6 duong kinh 325*16 mm va dai 12 000 m (Phuong 4n 1);

- C4c san pham trén GTC-1 ¢ dang hdn hop khi long duoc van chuyén dén BK-14, sau d6  cung Vi cac
san pham cua BK-14 dugc vén chuyén béang hai duong dng song song dén CTK-3, dudng dng mai sé di
qua BK-9. Bé lam diéu nay can xay dung duong 6ng boc cac nhiét BK-14 - BK-9 c6 dudng kinh 325*16
mm va dai 6700 m (Phuong an 2).

Cin cir vao tinh hinh thyc té tai moé Gau Tring va cac so dd thu gom, van chuyén san pham tai mo bach
Hd, phuong an 2 dwoc lya chon. So db van chuyén san pham mo Gau Tring dén CTK-3 mo Bach Ho sau
khi xay dung duong dng mai dugc trinh bay trén Hinh 6.

GTC-1

6 km

BK-14/BT-7 Yo 4 g

Hinh 6. So' do vdn chuyén san pham mé Gau Trang dén CTK-3 mé Bach Hé sau khi xay ding diong ong
mai

D¢ so sanh hiéu qua cua viéc xay dung duong ong song song mai, céc tinh toan vé nhiét thiy lyc da

duoc thuc hién doi voi qua trinh van chuyén cac san pham cua GTC-1 va BK-14 ¢ dang hon hop khi long

dén CTK-3 bang mot duong ong va hai duong 6ng song song vaéi cac thdng so6 khai thac nhu trong Bang 2.

Bdng 2. Cac thdng so khai théc trén c4c gian

Céc thong sb GTC-1 BK-14 BK-9
Thé tich san pham khai thac m¥/ngay dém 1200 3000 950
Ham lugng nuéc, % 75 39 80
Nhiét d¢, °C 39 48 87
Thé tich khi gaslift, m3/ngay dém 170000 250000 100000

2.3. Két qud tinh toan va mé hinh héa

a. Truwong hop sit dung dwong ong hién tai

Trén Hinh 7 thé hién luong chit long dwoc van chuyén bang duong éng hién tai tr GTC-1 dén BK-14,
sau d6 cung vai san pham tai BK-14 van chuyén vé CTK-3 vai téng lwong chit long dwoc van chuyén vé
CTK-3 1a 4200 m3/ngay dém. Két qua tinh ton vé gié tri p Suit tai cac 6ng dung tai GT-1, BK-14 va
CTK-3 lan luot la 27,6 atm; 26 atm va 14 atm (Hinh 8).
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Hinh 7. Cong sudt chdt léng duroc van chuyén bang dwong ong hién tai GTC-1->BK-14 va BK-14->CTK-3
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Hinh 8. Ap sudt trén c&c ong dirng GTC-1 va BK-14 khi vadn chuyén bang dwong ong hién tai GTC-1->
BK-14 va BK-14->CTK-3

b. Truwong hop si dung dwong éng méi
Khi sir dung dudng 6ng méi, gia tri 4p suat tai cac dng ding tai GT-1, BK-14 va CTK-3 lan luot 13 19,2
atm; 17,7 atm va 14 atm (Hinh 9).

2.4. Thdo lugn két qud

Vi céc thdng s6 dugc cho trong Bang 2, két qua tinh toan duoc thé hién trong Bang 3. Nhin vao cac két
qua tinh toan nhiét thay luc (Bang 3) cho théy, khi xay dung duong 6ng mei BK-14 - BK-9 (duong kinh
325*16 mm va dai 6700m), ap Suat trén ong dung BK-14 va GTC-1 co the giam tir 8,3 atm dén 8,6 atm.
Khi &p suat trén cac miéng gieng giam s& dan dén giam luong khi gaslift can dung va nhu vay s& dan dén
giam manh ton hao &p suét trén cac ong dimng BK-14 va GTC-1. Cac két qua tinh toan dugc thé hién rat ro
trén céc Hinh 7-9 khi van chuyén han hop khi long tir GTC-1 dén BK-14 va dén CTK-3 bang duong dng
hién tai va bang hé dwong dng mai.
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Hinh 9. Ap sudt trén c&c ong dirng GTC-1 va BK-14 ¢ s¢ dé vdn chuyén méi

Bdng 3. Cac két qua tinh toan khi khdng c6 va c6 duwong ong phu boc cac nhiét BK-14-> BK-9

C&c phwong &n van chuyén Ap suat trén ong ding, atm

: GTC-1 BK-14 BK-9 CTK-3
Khéng cé duong ng méi BK-14 => BK-9 27,8 26,0 - 14,0
C6 duong dng méi BK-14 => BK-9 19,2 17,7 15,6 14,0

Khi tién hanh so séanh két qua cua hai truong hop van chuyén (duong dng ban dau va duong dng mai) ta
thay rat ro su khac bigt vé &p suat trén ong dimg, dong thoi thiy dwoc su uu viét cua vige Ip thém tuyén
dng mai tir BK-14 dén BK-9. Theo so d6 van chuyén hlen tai thi gia tri ap suat trén dng dung tal GT-1,
BK-14 lan luot 14 27,8 atm va 26 atm, khi thém dwong 6ng méi gid tri 4p sut tuong Ung giam xudng con
19,2 atm va 17,7 atm (Hinh 10, 11). Diéu nay da giam dang ké luong khi gaslift cin dung, do d6 giam dugc

ap suét trén 6ng dung.

>

oOLGH
= PT [barg] (BRAN-1.TOPSIDE_GT.2) "GTC_BK14_BK9n.tpl™
= PT [barg] (BRAN-1.TOPSIDE_GT.2) “GTC_BK14_CPP.tpI"
28
27
20
.25
A
P
suat
(barg) 23
22
21
20
—— N A
19
o 500

Theri gian (phat) 1,000
Hinh 10. Ap sudt trén ong diing GTC-1 theo vdn chuyén hién tai va so dé van chuyén méi
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Hinh 11. Ap sudt trén éng diing BK-14 theo vén chuyén hién tai va theo so dé méi

3. Két luan

Khi van chuyén dau trong diéu kién nhi¢t do thap hon nhiét do xuat hi¢n paraffin, chat long s& o trang
thai phi Newton, gay ra cac phuc tap trong qua trinh van chuyén do do nhét tang, dan dén nguy co lang
dong parafﬁn trong duong o ong cao. P6i véi mo Gau Tréng, cac san pham trén gian GTC-1 duoc van chuyen
& dang hon hop khi long dén BK-14, sau do cung voi cac san pham cua BK-14 dugc van chuyen bang hai
duong 6 ong song song dén CTK-3, duong dng mai s& di qua BK- 9. Khi véan chuyén theo so d6 nay &p suat
trén 6ng dung tai GT-1, BK-14 s& giam tir 27,8 atm va 26 atm xudng con 19,2 atm va 17,7 atm tuong tng.
Nhu vay, ap suat trén éng dtng tai BK-14 va GTC-1 c6 thé giam tir 8,3 atm dén 8,6 atm. Khi giam &p suét
trén cac miéng giéng sé dan dén giam lugng khi gaslift can dung, lam tang hiéu qua cua qua trinh khai thac,
xir Iy va van chuyén san pham.
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ABSTRACT

Pipeline and flow assurance solutions of crude oil transportation from
Gau Trang oil field to CTK-3 platform at Bach Ho oil field

Nguyen Van Thinh®, Nguyen Thi Hai Yen?, Trinh Tien Thang?, Tong Canh Son®
1Hanoi University of Mining and Geology
ZpetroVietnam Exploration Production Corporation (PVEP)
3 Russia-Vietnam Joint Venture (Vietsovpetro)

Gau Trang oil field, located at Block 09-1 Cuu Long basin, is now under the management of Vietsovpetro.
The product exploited from this field is transported to CTK-3 platform, Bach Ho oil field, by a thermal
insulation subsea pipeline system. Low temperature of the crude at the production wellhead and the
surrounding environment lead to a considerable temperature drop of the transported products, ranging 26 -
28°C as recorded at the central processing platform. Moreover, crude oil from Gau Trang oil field contains
high paraffin content and has a high freezing point, which alternatively causes many difficulties in
conveying itself by using pipelines. Thus, to ensure the safety of the transport, the transported fluid flow
should be retained at least 5°C above the freezing point of paraffin. The article concentrates on solutions to
maintain the safety of the transportation basing on analysis of field data and the capability of the current
subsea pipeline in the comparison with data gained from models carried out by using OLGA software.
Modelling results show advantages of the new pipeline systems to carry exploited product in the mixture
of gas-liquid from GTC-1 platform to BK14, Bach Ho oil field and then, together with other products from
this site, they are transported to the CTK-3 platform through two parallel pipeline systems. Besides, they
also suggest the sustaining of pressure in the risers of GTC-1, BK-14 at 19.2 atm and 17.7 atm respectively
helps to significantly reduce the amount of gas requested in gaslift operation, and therefore greatly improve
the efficiency of the production and transportation.

Keywords: Flow assurance; Gau Trang oil field; Bach Ho oil field; Oil and gas transportation pipeline.
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E RSE ~_ HOINGHI TOAN QUOC KHOA HQC TRAI DAT
RARNI BOREES D VA TAI NGUYEN V@I PHAT TRIEN BEN VNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ctu giai phap bao dam dong chay cho tuyen ong
van chuyén khi-long tir gian RC-DM (mo Nam RAng-Doi Mbi)
vé gian RP-1 (mé Rang)

Nguyén Van Thinh'*, Nguy&n Thi Hai Yén?, Tran Thanh Hai?

i 1Trwdng Dai hoc Mo - Dia chat
2Cong ty Coé phan Xay lap dau khi Mién Nam (ALPHA-ECC)

TOM TAT

M6 Nam Rong-Boi Mbi, nam & L 09-1 va 09-3 thuoc Bé Ciru Long, duoc dua vao khai thac thuong mai
thang 01/2010. San pham khai thac ciia mé dugc van chuyén vé gian RP1 mo Rong. Sau mét thoi gian dai
dua vao khai thac, hién nay qua trinh van chuyén san pham tai mo nay dang phat sinh nh1eu vén d& lam anh
huong dén kha nang luu thong cua dong chay trong duong 5ng. Nguyén nhan chu yéu la do tinh chét luu
bién cua dau thay doi, ham luong nudc trong san pham khai thac ting 1én két hop véi ham luong paraffin
cao. D& dam bao higu qua qua trinh van chuyén san pham, doi hoi phai ¢ cac nghién ciru bo sung dé dua
ra cac giai phap phu hop. Bai bao trinh bay céac két qua nghién ctu vé tinh chat lru bién va cac thong sé
cdng nghé van chuyén cia san pham trong giai doan hién nay dua trén cac sé liéu thuc té két hop vai quéa
trinh mé hinh héa. Bén canh d6, bai bao con chi ra hda pham PAO-32930 Ia lya chon phi hop dé giam
nhiét d6 dong dic cua dau thd tai mo Nam Rong-Doi Moi. Két qua nghién ciu s& 1a co so dé ap dung vao
thuc té qué trinh van chuyén san pham tai mo.

Tir khda: Mo Nam Rong-Doi Mbi; Bao d¢am dong chay; Lang dong paraffin.

1. Mé dau

Hién nay, cac mo dau khi 16n caa Viét Nam nhu Bach H6, Rdng, Pai Hung. .. dang trong giai doan suy
giam san luong manh, diéu nay doi hoi cong tac thu gom va van chuyén san pham cua nhitng Mo nay cling
can phai c6 nhimg diéu chinh pht hop (Nguyen Hoai Vi, 2018). Bén canh d6, nham duy tri én dinh san
lwong khai thac dau hang nam, cong téc tim kiém tham do va khai thac ddi véi cac mo can bién dang dugc
dugc ddy manh. Ngay cang nhiéu mo duoc phaét trién hiéu qua vai su tich hop cua viéc str dung co so ha
tang hién c6 caa cac mo trong khu vuc lan can. Bay la mot trong nhiing yéu té guan trong trong cong tac
khai thac dau khi xa bo. Khi két ndi cac mé nho, mé can bién véi cac cong t|nh ¢6 dinh trong khu vuc, van
dé dam bao dong chay ciing nhu cong tac an toan cho qua trinh van chuyén can phai duoc dat ra (Tur Thanh
Nghia va nnk, 2015). Nhirng thach thirc trong qué trinh van chuyén san pham can phai dugc xir ly, nhat 1a
khi van chuyén san pham c6 chira nhiéu paraffin (Tong Canh Son va Lé Dinh Hoe, 2015; Phung Dinh Thuc
va nnk, 2003).

Trong s cac mé nho, mo can bién dang dwoc khai thac hién nay, ¢ thé thdy mé Nam Rang -DBoi Moi
do Lién doanh Viét-Nga (Vietsovpetro) dang hoat dong rat hiéu qua. M6 nay nam & phia Nam khu vuc mo
Rong thude Lo 09-1 va 09-3 ngoai khoi thém luc dia Viét Nam. Mé gom 02 gian dau giéng RC-DM va
RC-4, san pham khai thac dwoc van chuyén bang duong 6ng ngam vé gian RC-5 va sau d6 dua vé gian RP-
1 mé RéNg rdi van chuyén ra tau chira FSO (Hinh 1). Giai doan dau caa qué trinh khai thac dau tai mo Nam
Rong -Boi Moi, da co nhitng cong trinh nghién ciu vé qua trinh thu gom va van chuyén san pham tai khu
vuc mo (Nguyen Van Thinh va nnk, 2008). Tuy nhién, sau mot thoi gian dai khai thac, can ¢6 cac danh gia
cu thé vé qua trinh van chuyén san pham ctia m6 Nam Rong-Doi Moi trong giai doan hién tai.

Trong khoang thoi gian tir thang 1 dén thang 12 nam 2019 san pham khai thac cia RC-DM, RC-4 va
RC-5 di qua thiét bj tach khi so bo trén gian, sau do khi tach ra s& duoc van chuyén vé gian RP-3 mo Rong.
Luong pha long (gém dau va nu6c) s€ dugc van chuyen vé RP-1 mo Rong dé tiép tuc xir Iy va van chuyén
ra tau FSO-6. Bic tinh cua tuyén duong éng van chuyén RC-DM — RC-4 — RC-5 — RP-1 duoc trinh
bay trong Bang 1.

* Tac gia lién hé
Email: nguyenvanthinh@humg.edu.vn
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Hinh 1. So d6 vén chuyén san pham tgi mé Nam Rong-Boi Moi

Bdng 1. Pdc tinh ciia tuyén ong vin chuyén RC-DM — RC-4 — RC-5 — RP-1

Dir liéu Théng s6 Gia tri
Duong kinh ngoai, mm 323.8
Chiéu day, mm 15.9
Thép ng Vat ligu API 5L X65
Hé s truyén nhiét, W/(m*K) 45
Mat do, kg/m® 7850
Chiéu day, mm 0.15
Lép chdng an mon vat I!éu 3 - FBE
H¢ so truyen nhiét, W/(m*K) 0.300
Mat do, kg/m? 1450
Chiéu day, mm 37
S . Vit liéu Composite
L6p vatlieu cach nhiét Hé sb truyén nhiét, W/(m*K) 0.07
Mat do, kg/m® 600
Chiéu day, mm 6
Lép vat liéu gia ti Vatligu Steel wire
T H¢ so truyen nhiét, W/(m*K) 45
Mat do, kg/m? 7500
Chiéu day, mm 5
S B P Vit liéu Neoprene
L6p vatlieu chong tham He sb truyen nhiét, W/(m*K) -
Mat do, kg/m? 1400

2. Phan tich trang thai dong chiy ciia cac tuyén éng van chuyén
2.1. Tuyen ong RC-DM — RC-4

Céc thong sé van hanh cua tuyén éng RC-DM — RC-4 dugc thé hién trén cac Hinh 2. Gia tri 4p suat,
nhiét d6 va liéu lvong héa pham sir dung dwoc trinh bay trong Hinh 3-5. San phidm cia RC-DM duoc van
chuyén véi luu luong khai thac tir 600-620 m3/ngay. Trong nim 2019, ham lwong nuée thay doi tir 44,9 -
50,1% thé tich, trung binh san luong khai thac 12 302 m3/ngay. Ap suit tai 6ng ding gian RC-DM thay d6i
tir 12,6 barg dén 19,2 barg, trong khi d6 ap suit nay tai RC-4 1a 11,2 barg dén 16,5 barg. Giam é&p trong
dudng dng thay dbi tir 0,8 barg dén 1,9 barg (trung binh 12 1,0 barg). Nam 2019, da tién hanh sir dung héa
pham PAO-32930 véi liéu luong 1 1200 dén 1250 ppm dé ha nhiét do dong dic cua dau thd. Luc nay nhiét
d6 dong dac cua dau tho thay doi tir 29,5°C dén 31 °C. Trén Hinh 4 thé hién gia tri nhiét d¢ tai RC-DM
thay doi tir 41°C dén 49°C. Trong nam 2019, nhiét d¢ tai riser cua RC-4 thay dao dong trong khoang 35°C
dén 38°C.
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Hinh 4. Nhiét @6 trung binh tai riser tuyén sng RC-DM — RC-4

172



37 2,000

(9%}
[}

L 1,500

S~

W

[S]

- 1,000

Pour point, oC
W |95} [95] [958}
Dosage, ppm

w
o o

- 500

[39]
el

—+—Pour point —+—Dosage of PPD

[3¥]
co

27 0
28-Nov 2-Jan 6-Feb 13-Mar 17-Apr 22-May 26-Jun 31-Jul 4-Sep 9-Oct 13-Nov
Data

Hinh 5. Liéu liwong hoa pham sir dung va nhiét dé déng ddc cua dau RC-DM

Déu ciia RC-DM c¢6 ham lugng paraffin cao, khi van chuyén bing dudng éng thuong kém theo sy ling
dong, bam dinh paraffin trén thanh 6ng dan deén lam giam duong kinh trong cua ong. Do vy, can thict phai
st dung hé thong pig dé lIam sach duong 6ng.

2.2. Tuyén éng RC-4 — RC-5

Déi vai tuyén dng nay, céc thong s van hanh dugc thé hién trén Hinh 6, cac thong s vé ap suét, nhiét
d6 va liéu luong héa phan duoc thé hién trong céc hinh tir Hinh 7-9. Han hop dau khi tir RC-DM va RC-4
dugc van chuyén vé RC-5 thong qua duong dng ngam. Luu lugng van chuyén dao dong trong khoang tir
473-518 m3/ngay. Ham luong nudc thay doi tir 54,5 -59,3% thé tich. Ap suat tai RC-4 dao dong tir 10,4-
16,6 barg. Ap suat tai dng dting cua RC-5 thay ddi trung binh tir 8,5-13,2 barg. Gia tri giam ap thay doi tir
0,8-3,3 barg.

Tuong ty nhu d6i véi tuyén ng trudce, trong ndm 2019, da tién hanh xir Iy bang héa pham PAO-32930
dbi véi tuyén dng RC-4 — RC-5 véi lidu luong 12 1000 dén 1100 ppm. Lic nay, nhiét d6 dong dic caa dau
tho thay doi tir 30,0 °C dén 30,5 °C. Trén Hinh 8 thé hién gia tri nhiét do tai 6ng dimg cua RC-5 thay doi
tir 35°C dén 45,8 °C.
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Hinh 6. Thong sé van hanh cua tuyén ong RC-4 — RC-5
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Hinh 8. Nhiét d¢ trung binh tai ong dimg RC-4 — RC-5
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Hinh 9. Liéu liwong hoa pham si: dung va nhiér dé dong dac cua dau tai RC-4

2.3. Tuyén éng RC-5 — RP-1

Déi vai tuyén dng nay, cac thdng sb van hanh, &p suat, nhiét do, liéu lugng héa pham sir dung duoc thé
hién trén céac hinh tir Hinh 10-13. H3n hop dau khi tir RC-DM, RC-4 va RC-5 dugc van chuyén vé RP-1
thong qua duong éng ngam. Luu lwong van chuyén dao dong trong khoang tir 1131-1500 m¥/ngay. Ham
lugng nudc thay doi tir 53,5 -55,5% thé tich. Ap suat dng dung tai RC-5 dao dong tir 9,6-13,7 barg. Trong
khi do, &p suat tai dng dtng ciia RP-1 thay ddi trung binh tir 3,9-8,2 barg. Gié tri giam ap thay ddi tir 3,4-
7,0 barg.

174



Trong ndm 2019, da tién hanh xir Iy bing héa pham PAO-32930 véi liéu lugng 1a 800 dén 900 ppm.
Nhiég d6 dong dac cua dau tho thay doi tr 30,0 °C den 31,0 °C. Tay ;huéc vao chat luong dau tho dugc van
chuyén, gia tri nhiét do tai ong ding cta RP-1 thay doi tir 39,0°C dén 41,6 °C.
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Hinh 11. Ap suat trung binh tgi éng ditng RC-5 — RP-1
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Hinh 12. Nhiér dé trung binh tgi éng diing RC-5 — RP-1
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Hinh 13. Liéu hwong hda pham si dung va nhiét @ dong dic cua dau tgi RC-5

3. Hi¢u qua str dung hoa pham giam nhiét d¢ dong dic ddi véi dau tai mé Nam Rong-DPdi mai.

Céc két qua phan tich dwgc thyuc hién trong phong thi nghiém, dau thé dugc ldy mau tai RC-DM, RC-4
va RC-5, dugc xtr ly bang hda pham PAO 32930 vai lidu lugng 1200 ppm, 1000 ppm va 800 ppm ddi véi
dau tai RC-DM, RC-4 va RC-5 tuong tng. Qué trinh nghién ciru dwoc thuc hién & cac méc thoi gian khac
nhau, cu thé |1a vao céc thang 1, 4, 7 va 10/2019. Két qua nghién ctru dugc thé hién trong cac Bang 2 va cac
Hinh 14-17.

Bang 2. Nhiér d¢ dong dac va ty 1é ldng dong paraffin cia dau tazi RC-DM, RC-4 and RC-5 ndm 2019

MAu dau Thoi gian Nhiét do dong dac, °C Ty ¢ lang d‘g”g paraffm,
kg/m® ngay
01/2019 29 3,79
04/2019 30 3,95
RC-DM
07/2019 30 4,15
10/2019 31 4,15
01/2019 29 3,95
RC-4 04/2019 30 4,05
07/2019 30 4,15
10/2019 31 4,10
01/2019 29 4,17
RC-5 04/2019 30 4,10
07/2019 28 3,85
10/2019 31 3,92

4. Thao luan

Cac két qua nghién ctru dugc thé hién ¢ trén doi véi dau tai mo Nam Rong-Boi Mdi cho thiy ham lwong
paraffin khi van chuyen thuong kem theo sy Iang dong, bam dinh paraffin trén thanh ong dan dén lam giam
duong kinh trong coa ong. De giai quyet vén d& nay can phai tién hanh st dung hoa phdm ha nhiét d6 dong
dic cua paraffin, dong thoi can thiét phai sir dung hé thong pig dé 1am sach dwong dng. Cac nghién ciru cho
thdy hiéu qua rat tich cuc khi s dung héa pham PAO 32930. Sy phu thudc nhiét do vao do nhot cua dau
thé hién trén céc hinh tir Hinh 14-17 cho thay, véi gia tri nhiét do giao dong xung quanh mirc 30°C tré 1én,
d6 nhét caa dau khong c6 sy thay doi nhiéu. Nguoc lai, & muc gia tri nhiét do tir 30°C tré xudng ta thay do
nhét cia dau tang 1én rat nhanh, gia tri nhiét do cang thap thi do nhét ciia dau cang cao. Tir cac két qua
nghién ctu cho thay, hiéu qua rat rd cua viéc s dung hda pham PAO 32930 da cai thién dang ké nhiét do
déng dic cua dau thd tai mo Nam Rng-Doi Moi. Bé bao dam qua trinh van chuyén san phim di véi dau
tr mé Nam Rdng-Ddi Mdi vé gian RP-1 mé Rong, can phai tién hanh ddng bo cac bién phap két hop st
dung héa phiam ha nhiét d6 dong dic, dong thoi can thiét phai st dung phai st dung hé thong pig dé 1am
sach duong ng.

176



01/2019

23000 | —+—RC-DM —+—RC-4 —+RC-5

Nhiét @9, °C
Hinh 14. Su phu thuge dé nhét vao nhiér dé cia dau tai RC-DM, RC-4 va RC-5 thang 01/2019
4/2019

6000

5000

24 000

mPa

-3 000 ——RC-DM ——RC-4 ——R(C-5

000

Di,nhﬁ't

1 000

G L
20 25 30 35 40 45 50

Nhiét d§, °C
Hinh 15. Su phu thuge dé nhét vao nhiér do cia dau tai RC-DM, RC-4 va RC-5 thang 4/2019
7/2019

6000

5000

4000

——RC-DM —*-RC4 —*RCS

P§ nhét, mPa.s
(2= [#%]
= [ ]
= =]
= =]

20 25 30 35 40 45 50
Nhiét 4§, °C
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Hinh 17. Sw phu thuge dé nhét vao nhiér dé cia dau tai RC-DM, RC-4 va RC-5 thang 10/2019

5. Két luan

M6 Nam Rdng- Bdi Mbi dugc dura vao khai thac thuong mai tir nam 2010. Trai qua 10 nam hoat dong,
tinh chit ciia san pham khai thac di c6 nhiéu thay d6i, ham lugng nudc trong san pham khai thac ting 1én
két hop vé6i ham lwong paraffin cao cua dau thd mé Nam Rong-Doi Mbi da gy ra nhimg tac dong khéng
tot cho qua trinh vén chuyén san pham Thong gua cac nghlen ctru bd sung vé qua trinh bao dam dong chay
ctia san pham tai mo Nam Rong-Doi Moi vé gian RP-1 mo Rong trong giai doan hién nay cho thay, dé han
ché kha nang lang dong paraffin trén thanh dng, can tién hanh sir dung hda pham ha nhiét do dong dac cua
dau. Hoa phan PAO-32930 Ia lya chon phu hop dé giam nhiét do dong dac. Nam 2019, da tién hanh su
dung héa pham PAO-32930 véi lidu lwong 1a 1200 dén 1250 ppm (dbi véi RC-4) nhiét do dong dic cua
dau tho tai day thay ddi tir 29,5 °C dén 31 °C. Béi véi tuyén bng RC-4 — RC-5 lwong héa pham sir dung
dao dong tir 1000 dén 1100 ppm d3 1am nhiét d6 dong dic cua dau thé thay doi tir 30,0 °C dén 30,5 °C. Déi
véi tuyén dng RC-5 — RP-1, lugng hoa phdm sir dung trong khoang tir 800 dén 900 ppm. Ldc nay nhiét
d6 dong dac cua dau thd thay dbi tir 30,0 °C dén 31,0 °C. Céc két qua vé nhiét do tai riser cia RC-4 va RP-
1 cho thay nhiét do cua san phim tai day luén cao hon nhiét d6 déng dic cua diu tho. Pidu dé cho thiy
hiéu qua rat tich cuc cua viéc sir dung hoa pham ha nhiét do dong dac PAO-32930. Bén canh do, dé dam
bao qua trinh van hanh tuyén dng dugc an toan, can két hop sir dung bién phap phéng pig lam sach duong
ong.
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ABSTRACT

Flow assurance solutions of gas-liquid transportation from RC-DM
platform (Nam Rong-Doi Moi oilfield) to RP-1 platform
(Dragon oilfield)

Nguyen Van Thinh!, Nguyen Thi Hai Yen?, Tran Thanh Hai?
1Hanoi University of Mining and Geology
2 Southern Petroleum construction J.S Company (ALPHA-ECC)

Nam Rong-Doi Moi oilfield, located at Blocks 09-1 and 09-3 Cuu Long basin, officially started to operate
in January 2010. The products exploited from this oilfield are transported to RP1 platform at Dragon
oilfield. After 10 years of operation, many problems arise related to the crude oil transportation from this
oilfield that affect the circulation of the flow in subsea pipeline. In which, the major cause is the change in
the rheological properties of crude oil, an increase the water cut and the high paraffin content. In order to
maintain the performance of transport, additional studies are required to provide appropriate solutions. This
study presents results of the research on rheological properties and transportation parameters at the present
state of the field establishing by analysis of field data and numerical models. Additionally, the results show
that the chemical matter PAO-32930 is a satisfactory choice to reduce the freezing temperature of crude oil
at Nam Rong-Doi Moi oilfield. The results of research will be a basis which helps in selecting appropriate
solutions to transport products at this oilfield.

Keywords: Nam Rong-Doi Moi oilfield; Flow assurance; Paraffin deposition .
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E RSE ~_ HOINGHI TOAN QUOC KHOA HQC TRAI DAT
RARNI BOREES D VA TAI NGUYEN V@I PHAT TRIEN BEN VNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién cu cac cdng trinh bién, kha ning phat trién
khai thdc mo nho, mo can bién nho ap dung xay dung cong trinh
gian nhe rut gon
Dang Xuén Thuy »*, Dinh Dic Huy?, L& Quang Duyén3, Phi Manh Tung!

! Vietsovpetro

2 Vign dau khi Viét Nam
3 Truong Dai hoc Mo - Dja chat

TOM TAT

Bai bao la mot phan két qua nghién ctru cua dé tai khoa hoc va cong nghé cap Qudc gia “Nghién ciiu, ing
dung thi nghiém cbng nghi¢p Va dénh gid hiéu qua thyc té gigi phap nang cao h¢ so thu hoi dau cho mét
doi twong dai dien thuge tang tram tich luc nguyén cua bé Ciu Long”, ma s6 PTDLCN. 28/19.

Trong bdi canh gia dau bién dong hién nay, chi phi phat trién cac moé nho mo can bién can dwoc danh gia
va xem xét than trong trén co s& can nhéc hién trang hoat dong diéu hanh khai thac cua lién doanh Viét -
Nga (Vietsovpetro). Truéc nhing théch thirc va khiing hoang méi, can ¢6 hudng nghién ciu tiép can toan
dién dir liéu trén nhiéu linh vuc nhu dia chan, dia chit mo, cong nghé mo, khai théc, van chuyén, xay dung,
t6i wu van hanh khai thac, bom ép, gaslift...nham d& xuét giai phap giam thiéu rui ro va phaét trién thanh
cdng mo can bién mang lai hiéu qua kinh té, dam bao an ninh ning luong va déng gop cho sy phat trién
kinh té cua dat nuoc.

Twr khda: Mo nho; mo can bién; gian nhe.

1. Mé dau

Mo dau khi can bién ¢ quy md nho, trir luong c6 thé thu hdi thap, didu kién phét trién mo doc lap gap
kho khin va néu phét trién khai thac trong diéu kién kinh té, tai chinh, ky thuat hién tai thi nha dau tu chi
dat mirc can ngudng hoa vén. Tuy nhién, mé dau khi can bién c6 thé s& mang lai hiéu qua kinh té néu thay
ddi mot sb diéu kién vé kinh té, tai chinh hozc ap dung cac cong nghé, ky thuat tién tién, t6i wu hon vé chi
phi dé phét trién.

Dé c6 thé phat trién cac mo dau khi can bién can phai xem xét mot cach toan dién, tir cac co ché vu dai
vé tai chinh dén céc giai phap ky thuat, cong nghé 4p dung trong qua trinh phat trién mo. Bai bao gidi thiéu
cac giai phap k¥ thuat va thiét ké xay dung cong trinh dé phuc vu phét trién cdc mo nho, can bién da va
dang duogc &p dung trén thé gisi, ciing nhu tai Lién doanh Viét - Nga “Vietsovpetro”.

2. Tiém ning diu khi khu vuec A mé Bach Hé

L6 dau khi 09-1 duoc phat hién va diéu hanh bai xi nghiép lién doanh Viét-Nga, dong gop quan trong
trong nhiéu giai doan phat trién kinh té cia dt nudc véi cac moé dau 16n nhu Bach H6, Rong; nhiéu tang
san pham nhu Mong, Oligoxen dudi, Olifoxen trén va Mioxen dudi. Tuy nhién, nhitng nim gan day san
luong dau syt glam manh do d6 ngap nudce tang, nang luong via suy giam, Vietsovpetro da ¢y manh tham
do cac khu vuc ¢6 cau tao tiém nang hodc cAc cau tao da dugce tham do co trir lugng nho, kho phat trién.

Theo béo cdo chuong trinh tan thim do Lo 09-1 nam 2017 cua Vietsovpetro cho thay mét s6 khu vuc
tiém ning co trir lugng dau thu hoi thép, dudi 1,5 tricu m?3 nhu: Pong Bic Bach H6 (BK 19, BK21), Dong
Nam Bach Ho(BK20) Pong Bic Rong (RC10). Cac CAU tao tiém nang nay dugc danh gia co mic do rui ro
dia chét cao nhu: c4u triic dia chat phirc tap, cAu tao bién d6 nho, nam & chiéu sau lon, phan bé hep, roi rac,
dic trung thAm chira bién ddi phuc tap, quy mé trit lugng khong lén. Vi thé, cac ciu tao, khu vuc tiém nang
nay chi yéu dugc xép vao loai mo/phat hién dau khi can bién, khé phat trién doc 1ap. DBé co thé phat trién
cac khu vuc nay hiéu qua can phai xem xét mot cach toan dién, tir cac co ché wu dai vé tai chinh dén cac
giai phap ky thuat, cong nghé ap dung trong qué trinh phat trién mo, bai bao di sau vao giai phép céng nghé
xay dung cong trinh bién nham phat trién khai thac mo.

* Tac gia lién hé
Email: thuydx.rd@vietsov.com.vn
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2.1. Pdc diém thong tin dja chit

Céc két qua phan tich tai liéu dia chat, dia vat ly, tai liéu giéng khoan trong khu vuc cho thdy bdi canh
c4u tridc - kién tao cua khu vuc hét stic phuc tap do cac hoat dong kién tao xay ra trong giai doan suét thoi
ky Kainozoi dan dén hinh thanh hang loat cac hé thong dut gy Ion theo huéng Pong Bac - Tay Nam.

Lt cat dia chét cua khu vure dugc chia thanh ba ting cau trac: Méng trude Kainozoi, Oligoxen va Mioxen
- Pleitoxen. Tang Oligoxen nam ké &p tryuc tiép Ién bé mat mong, phat trién mang tinh ké thira dia hinh bé
mat mong. Céc hoat dong kién tao tir ting mong hau hét dugc tiép tuc phat trién trong Oligoxen som va
giam dan vao giai doan Oligoxen muon. Tang Mioxen-Pleitoxen dugc dic trung boi dia hinh tuong doi
bang phang. Hé théng dut gay dugc hinh thanh cha yéu do hoat dong dong 1Gn chim nhiét.

Khu vuc nghién ciu A nam & phia Nam cua mé Bach Ho céch khu vuc BK-9, BK-8, BK-14 khoang
5,5-6 km vé phia nam, do d6 mang day du cac dic trung vé dia tang, kién tao va diéu kién tram tich mo
Bach Ho (Hinh 1).

Theo két qua khoan, cau tao A gém 03 ting kién trac chinh 1a Mong trudc Kainozoi, tram tich Oligoxen
va tram tich Mioxen-Pleitoxen. Tuy nhién, theo két qua khoan giéng A-1X va A-2X dia tang caa khu vuc
méi dwoc mé dén trim tich Oligoxen C. Do d6, thanh phan thach hoc cua cac phuc hé con lai dugc du béo
tuong tu mé Bach HS. Phan chia dia ting at cat khu vue dugc thuc hién trén co sé tai lieu DPVLGK va lién
két, so sanh vai cac giéng khoan Ian can. Pic trung thach hoc-tram tich dwoc thé hién trén cot dia tang téng
hop .
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Hinh 1. Lién két phan chia tdp san pham giéng khoan khu viec Nam Bach Ho

2.2. Tri¥ lwpng dau va khi hoa tan

Tir két qua minh giai tai liéu dia chdn, DPVLGK, lién két chi tiét cic ting san phdm, dbi tugng chira diu
khi trong Mioxen dudi khu vuc mé A dugc chia ra thanh 05 tap san phém: 22,23, 24,25 va 26. Trong do
tap san pham 22, 23, 24 mdi tap c6 03 via san pham, tap san pham 25, 26 mdi tap c6 04 via san pham (Hinh
6.1-6.10). Binh d0 néc cac via san pham dugc thanh 1ap trén co s& két qua chinh x4c hoa cau triic cic ting
SH-5, Intra SH-5, SH-7 va két qua lién két phan chia cac via san pham tai giéng A-1X va A-2X. Than dau
cua cac via san phém c6 dang vom, chén kién tao, thach hoc co téng trlr lwgng phat trién dwoc xac dinh 4,6
triéu m3 dau va 1,5 ti m3 khi hoa tan.
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Hinh 2. Mdt car dia chat dia vat 1y qua khu v nghién cizu

2.3. Gidgi phap phat trién mé nhé mé cgn bién

D¢ thuc hién cc hoat dong khai thac va van chuyén chat luu khai thac, cac cong trinh bién duoc xay
dung trén be mat nham ket noi gitra giéng khai thac va duong ong van chuyén, téi khu vuc xir ly va noi tiéu
thu san pham. Thong thuong, chi phi xay dung gian khoan chiém 30% chi phi dau tu ban dau phat trién
khai thdc moé. i )

Vi lich st hinh thanh va phét trién hon 30 ndm qua, xi nghiép lién doanh da xay dungrlén mot hé thong
cac cong trinh bién day du va do6 s¢. Cac gian khoan dugc xay dung chinh nhu céc gian co dinh voi day du
cac churc nang nhu khoan, khai thac va xu ly san pham dau khi, dong nghia VO‘I chi phi xay dung I6n (1-4

ti USD). O cac giai doan sau 2000, cac cong trinh bién duoc xay dung chua yéu la cac gian nhe vai cau tric
va cac chi tiét thiét bi duoc t6i vu hoa tdi da.

2.3.1 Cdu tric gian MSP

Gian c6 dinh la mot trong cac cong trinh bién co ban va dau tién cia qua trinh xay dung mo. Hién tai
trén mo Bach H6 dang van hanh cac gian MSP-1, 3,4, 5,6, 7, 8, 9, 10, 11. Két cau gian MSP bao gdom chan
dé va khéi thuong ting. Chan dé gian MSP bao gom 02 khéi chan dé (OB-1, OB-2), dwoc giit chat vao day
bién bang cac coc (16 coc chinh va 32 coc phu) va module chiu luc, lién két bén trén cac block chan dé
thanh mot két cAu tong thé. Trén gian duoc xem xét bé tri cac bom chim dé bom nuéc bién phuc vy cho hé
thdng cau héa, khéi trgng tang duoc ciu tao tir cac khéi riéng 1¢ bao gom hé thdng khoan, khai thac, ning
lugng, nha ¢ va b tri cac thiét bi cdng nghé can thiét. Chirc ning ctia khdi thuong tang MSP dugc ding dé
dong thoi khoan, khai thac va stra chira cum giéng khai thac. Khoan va sira giéng dugc thuc hién bang hé
thdng khoan duoc lap dat trén gian

Hinh anh tong quat cual gian ¢ dinh cuing véi cum thap khoan dugc thé hign trén Hinh 3.

Hién nay, mot s6 gian cb dinh (MSP-1, 3, 4,5, 6, 7, 8, 9) da dugc thao do cac khoi thuong tang khoan
do yéu cau ki thuat tai trong ciing nhur hoat dong khoan va sira chita giéng giam, hé thong tro thanh MSP-
mini. Chi phi van hanh, bdo dudng va hoat dong cong nghé trén cac MSP-mini duoc giam thiéu, qua do
giup gia tang hi¢u qua kinh té. Cong Viéc sura giéng trén cac MSP nay dugc thyc hién bang té hop khoan di
dong. Hinh anh téng quét cua 01 gian cb dinh di thdo bo cum thap khoan dugc thé hién trén Hinh 4.
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Hinh 5. C6ng trinh gian nhe BK-16

183




2.3.2 Cqu tric gian nhe BK

Cung véi cac gian cd dinh MSP, lién doanh Viét-Nga Vietsovpetro da chuyén sang quan diém méi trong
viéc xay dung mo bang viéc sir dung gian nhe BK vai sb luong giéng tir 6 dén 12 giéng. V& cau tric, gian
nhe bao gdm chan dé va khéi thuong tang. Khéi thugng tang cia gian BK 1a mot két cau dang lang tru
khong gian, dwoc tao thanh tir san chinh va san trén ciing két ndi véi nhau bang céc éng tru va cac khung
dam. Khéi thugng tang gian BK bao gém block md-dun cong nghé, block md-dun phu tro va san bay tric
thang.

Nham dam bao céc hoat dong khai théc, van chuyén va xir Iy chat luu khai thac, céc h¢ thong cong nghé
van dugc xay dung. Dé ngin ngira sy dong tu dau trong cac thiét bi va dudng dng cong nghé, trén gian BK
dugc boc cach nhiét va duy tri nhiét do bang day dién quan quanh 6ng. Bé pha nhirng hat nhii twong dau,
trén gian BK lap dat cac binh tlep nhén, luu trlt, va s dyng bom dinh luong dé bom chét tic ché - pha nhii
twong vao duong dau trudc van tiét luu (choke valve). Dé chdng lai sy Iang dong asphan, paraffin, trén gian
BK Iap dt céac binh tlep nhan, luu trit héa phdm, va bom dinh luong dé bom hoa pham tc ché vao giéng
theo dng tubing duoc lap dat trong khoang khong vanh xuyén.

Trén san chinh block mé-dun cong nghé dwoc lip dat cac thiét bi sau khi Maniphon, binh tach so bo ¢6
bo do, binh tach dau ki, binh xa, hé théng gaslift, bo do khi, bo bom hoa phim... Nhu vy, ciu tric gian
nhe BK van kha ddy du cac thanh phan va mé dun cong nghé. Chi phi xay dung da duoc giam di nhiéu so
vé6i xay dung cac gian MSP ¢ dinh, tuy nhién cac chi phi ndy van con twong ddi I6n (300-1.000 triéu USD)

2.3.3 Xay dung BK-mini cho khai thac mo cdn bién

M6 nho - mo can bién dugc hiéu 1a loai mo véi trinh do ky thuat - cong nghé cling véi nhiing diéu kién
kinh té - thi truong va dinh ché tai chinh trong cac hop dong ¢ thoi diém hién tai khong thé phét trién va
khai thac doc 1ap mot cach higu qua. Hiéu qua kinh té cua mo can bién c6 thé do mot hay nhiéu yéu té nhu
diéu kién tu nhlen cong nghé-thi truong, chinh tri-x& hoi, phap 1y va diéu khoan hop dong phan chia san
pham. Céc yéu té vé chinh tri-xa hoi va thi truong déu mang tinh khach quan va phu thudc vao murc d6 6n
dinh chinh tri, téc d6 phét trién kinh té va tién bo khoa hoc ky thuat cua tirng thoi ky va tirng khu vic cu
thé. Cung véi su phat trién cua tién bo caa khoa hoc ki thuat va cong nghé, cac khé khan vé diéu kién ty
nhién (trix lwong nho, diéu kién dia chat phic tap, via sau, diéu kién phat trién mo khong thuan loi, chat
lwong san pham thap) c6 thé dugc khic phuc ting phan va timg budc.

San luong khai thac cua Vietsovpetro dat dinh vao nam 2002 véi gan 13 triéu tin dau/nam, bat dau suy
giam manh theo timg ndm va dén nam 2018, san lwong da giam & mic dudi 4 triéu tn dau/ndm. Cac phat
hién dau khi mai tai 16 09-1 c6 qui mo trir lugng nho. Piéu d6 dit ra yéu cau cap béach can phai téi vu chi
phi dau tw n6i chung va chi phi xay dung cong trinh ndi riéng nham dam bao hiéu qua kinh t& néu mudn
phat trién khai thac cac khu vuc c6 phat hién dau khi méi.

Trén hanh trinh d6, xi nghiép lién doanh Viét Nga da ting budc t61 wu thiét ké ddi vai ting loai glan BK
véi quy mo va chi phi phu hop véi nhu cau phat trién cua tirng khu vuc cu thé. Ngoai ra, xuyén suét quéa
trinh thyuc hién, nhd sy phéi hop va hd tro tir cac don vi noi bo cua Vietsovpetro, dac biét 1a cac don vi van
hanh nhu XN Khai thac, XN Co Dién, don vi thiét ké nhu Vién NIPI khong ngung téi wu thiét ké nham
don gian héa hé thdng, giam chi phi nhung van dap tng tét nhu cau van hanh céng trinh.

Theo ké hoach phét trién mo SDCN2018, mé Bach Hé s& xay dung 10 gian khoan - khai thac ¢6 dinh
(gian MSP) va mét tram rét dau khong bén (UBN) véi tau chira dau. Ciing theo ké hoach nay, trong giai
doan 2 s& xay dung gian xu Iy trung tdm & phia Bic mé Bach H6 ciing véi tuyén duong dng dan dau vé bo,
tuy nhién nhiing kho khin vé co ché tai chinh va hiéu qua kinh té da chirng minh du an khéng kha thi.

Bang chii dong trong thiét ké chi tiét cac BK-mini gilp Vietsovpetro c6 thé tu thuc hién toan bo cac
khau sau, tir mua sam dén ché tao gian BK, 1am chu cong nghé qua d6 c6 sang tao phu hop véi timg diéu
kién mo cua cac khu vuc cu thé. Didu nay da lam giam dang ké chi phi xay dung gian BK. Chinh vi vay,
VSP s& d& dang trong viéc chi dong toi wu thiét ké nham tiét giam chi phi phat trién mo. Két qua la déi voi
cuing mot loai gian BK dién hinh loai 12 15 giéng khoan, tong du toan chi phi xay dung nhu gian BK ThTC3,
do Vietsovpetro tu thyc hién hoan toan vao nam 2016-2017, da tiét giam, thap hon 35-40% so véi du toan
chi phi xay dung cac gian twong ty ¢ giai doan trude day. Nam 2018, nhan thiy su phi hop c6 thé tng dung
cac cong trinh BK mini phat trién khai thac khu vuc mo A. Vién NIPI da hoan thanh thiét ké va xay dung
cong trinh gian BK-mini cho khu vuc nay, véi khéi lugng xay dung it hon khoang 30-35% so vai gian BK
dién hinh truéc kia.

Dé kip thoi dua gian BK-A van hanh theo ding yéu cau ciia Hoi dong Vietsovpetro lan thir 50,
Vietsovpetro da day nhanh cong tac thiét ké, mua sam vat tu thiét bi, toi wu hoa cong tac xdy lap trén bo va
ngoai bién, dic biét thiét ké bd sung san két cau tam thoi trén chan dé nhim phuc vu cho cong tac khoan
va lip dat cdy thong ngay sau khi lap dat chan dé. Ngay 22/10/2019, Vietsovpetro da hoan thién lap dit
chan dé, khéi thuong tang, cac dudng dng két ndi van chuyén va cap dién ngam. Dén ngay 23/10/2019, Hoi
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ddng nghiém thu cua Vietsovpetro da tién hanh nghiém thu téng thé gian BK-A, danh gia dy an da dugc
thuc hién bao giém chat lugng va an toan tuyét d()i. Nho @6, du an da hoan th:émh som hon 4 ngay so véi ké
hoach, gop phan gia tdng san lugng khai thac dau trong nam 2019 1a 1.152 tan.
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Typical BK BK Mini BK Mini Tripod BK Mini Tripod
Hinh 7. M6 hinh céc gian BK do Vién NIPI thugc xi nghiép lién doanh Viét-Nga thiét ké

Hinh 6. Gia cé khai thuwgng tang BK-A trén sa lan van chuyén

Vi viée thiét ké va xay dung thanh cong gian BK-A, Vietsovpetro da chii dong trong viée dinh hudng
phat trién va kip thoi giao Vién Nghién ciru khoa hoc va thiét ké nghién ciru chi tiét cac giai phap toi uu
nham muc dich phat trién cac mé nhé, mo can bién trong giai doan tan tham do t&i ddy. Cac ciu trac twong
tu gian BK-A s& duoc xem xét dé thiét ké xay dung cho cac khu vuc tiém nang sép t6i. i voi du 4n BK-
A, déy ciing 13 1an déu tién Vietsovpetro dwa vao van hanh khai thac truée thoi han dong bo tat ca cac hang
muc, bao gdbm gian BK, cac dudng dng két ndi ngdm va cap dién ngdm. BK-A duoc thiét ké theo dang gian
khong ngudi (unmanned wellhead platform), duoc diéu khién tir xa tir gian me 1a gian CPP-3. Két ciu chan
dé va khéi thuong ting duoc thiét ké & dang nho gon, trong d6 san MSF, khéi thuong ting va Helideck
dugc thiét ké thanh mot khdi va ndm trong gici han 01 ma cau cua tau cau Hoang Sa. Tong khoi lugng xay
dung cia gian BK-A (bao gém coc, chan dé va khdi thugng tang) gan 2300 tan, giam hon 30% so v&i tong
khdi lugng xay dung cac gian BK cua Vietsovpetro trude day. Tong du toan chi phi xay dung ctia BK-A
giam 28% so vai du toan chi phi xay dung gian ThTC-3 va giam 37% so voi gian CTC-01.
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Hinh 8. Khdi lirong va chi phi xay dung céc BK cua Vietsovpetro

3. Két luan

Xay dung thanh cong gian BK-A rit gon da giup tiét giam chi phi dau tw CAPEX cho phét trién mo.
Gian BK-A duoc xay dyng véi chirc ning chinh dam bao khai thac va van chuyén dau khi vé cac diém tang
chaa va xir ly. Thanh cong trong viéc xay dung BK-mini va phét trién khu vuc mo nhé mo can bién khu
vuc mé Bach Ho da giup dinh hudng chién luoc va xay dung phat trién cac cau tao c6 qui mo trir lugng
nho, kho phét trién, dong gop su phat trién kinh té, dam bao an ninh niang luong.

Tai ligu tham khao

Pham Xuan Son, Tran Lé Phuong va nnk “So dd c6ng nghé hiéu chinh khai théc va xay dung mé Bach
H6, 16 09-1 nam 2018

Tran Lé Dong, Hoang Van Quy, Truong Cong Tai, 2005. Than dau trong d4 mong nut né- hang héc mo
Bach H6, Pong Nam Rong va giai phap bom ép nudc nham nang cao hé sb thu hdi dau, Tuyén tap bao cao
Hoi nghi KHCN “30 Nam Dau khi Viét Nam-Co hoi mai thach thirc méi”, Quyen I, Nha xuat ban Khoa
hoc va Ky thuat, Ha Nai.

ABSTRACT

Research marine structures, the possibility of developing small
and marginal field by Using the construction of mini platform

Dang Xuan Thuy?, Dinh Duc Huy?, Le Quang Duyen3, Phi Manh Tung?
! Vietsovpetro
2Vietnam Petroleum Institute - VPI
8 Hanoi University of Mining and Geology

In the current status of oil and gas market, the capital expenditure for developing marginal field should be
evaluated and considered under the current operation and exploitation of VietNam-Russia joint venture.
Furthermore, it is necessary to have new approach the data in combination of whole information such as
seismic, geology, reservoir engineering, technology, transport, construction, optimization of operation,
gaslift to reduce risk and development successful marginal field production with positive economic, sustain
energy and contribute to the economic development of country.

Key word: Small field; marginal field; mini platform.
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HQI NGHI TOAN QUOC KHOA HOC TRAI DAT
VA TAI NGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2020)

Cai thién hinh dang khe niit sir dung md hinh khe nut gia ba chicu
cho doi tugng Miocene dudi

Nguyén Hiru Truong*
YTruong Dai hoc Dau khi Viét Nam (PVU)

TOM TAT

Cong nghé nit via thay lyc &p dung rong rai cho ddi twong via cé do tham thap, trung binh. Hién nay cong
nghé duoc ap dung cho ca déi turong via c6 do tham cao dé nham cai thién hay nang cao chi sb khai thac.
Bai b4o nay so sanh hiéu qua nut via, chiéu dai, chiéu rong khe nut, ap sudt khe ntt dbi voi mé hinh khe
nit hai chiéu va mé hinh khe nit gia ba chiéu c6 tinh téi hé sé that thoat dung dich trong khi thuc hién nut
via thay luc cho dbi twong Miocene dudi cia mé X, tai ving bién Viét Nam. Viéc mé phong gan ding
chiéu dai, chiéu rong, chidu cao khe nit c6 ¥ nghia quan trong trong viéc danh gia dan suat khe nat, tir 6
cho phép xéac dinh chi sé khai thac sau nirt via. Trude khi bom nirt via thay lye, cong tic bom nit via thir
nghiém véi thé tich bom nho dé thu dwoc hé sb that thoat dung dich, mé hinh khe nit, va luu lugng bom
t6i wu, ap suat dong khe nit 1a co s cho thiét ké niit via thiy luc chinh sau nay.

Tir khéa: Chiéu dai khe nut; chiéu rong khe nut; hiéu qua nut via; chiéu cao khe nit; Miocene dudi.

1. Pit véan dé

Ngay nay, hau hét cac mé hinh khe nat trong cong tac nit via thay luc trén co s& mé hinh khe nit hai
chiéu (2D) va mé hinh khe nut gia khe nat ba chiéu (P-3D) dé mo ta gan dang vé hinh dang khe nut trong
cdng tac nut via thay lyc. Cac md hinh hai chiéu gia dinh rang chiéu cao khe nit bang vai chiéu day cua
via san pham va gia dinh nay chi hiéu qua ddi véi via chira dau khi thong thuong, khi via chira san pham
c6 (rng suat bén cua dit da bén trén va tng suit bén cua dit d4 dudi cua via san phim cao hon so véi tng
suat nho nhat. Ngoai ra, céc md hinh khe nirt hai chidu cho rang chiéu cao khe nirt 1a khong d6i; do d6, mo
hinh héa hinh dang khe nitt d6i vai cac mé hinh hai chiéu khdng mé ta chinh xac (Pitakbunkate, Yang, &
Valko, 2011). Nguoc lai, m6 hinh hoa khe nit gia ba chiéu (P-3D) dugc ap dung trong nut via thuy luc do
c6 phat trién chiéu cao khe nut dudi diéu kién khéc biét vé ung suit ngang nho nhat, va su khéc biét vé
truong @ng suét tai chd. Vi ly do nay, md hinh khe nit gia ba chiéu (P-3D) dugc dung dé mé hinh héa khe
nirt trong khi bom nit via thay lye ddi twong Miocene.
1.1. Pj thdm ciia via chira

V& dic diém kién tao, ciu tric cua phic hé Mioecne dudi duoc phan chia thanh 3 vom chinh: Béc, Trung
Tam, Nam. Trong pham vi phtc hé tang chira Miocene dudi duoc phan chia 1am 5 tang san pham chinh,
riéng c6 mot ting duoc phan ra lam bén tap via khac nhau va c6 tinh chét thdm, rdng khac nhau. O déi
tuong Miocene dudi, Dau chu yéu khai thac tir via s6 23. Panh gia via qua cac thong sb tinh chat thach
hoc, d6 tham, do rdng va do bdo hoa cua chit Iuu trong 16 réng, chiéu day cua via la rat can thiét truge khi
tién hanh mot nt via thay lyc.

1.2. P tham ciia via chira )
Do tham cua via chira doi twong Miocen dudi €6 gia tri khac nhau thong qua cac phuong phap do: mau
16i, thi nghiém déng, va do wireline

Bang 1. Két qua do dg thdm cua cac ving thude déi twong Miocene duwdéi (Ngoc T.B. va nnk, 2010)

Phuong phap Tap via 23 Cau tric Bic Tap via 23 Cau trdc trung tam
Trung binh Khoang Trung binh Khoang

Phan tich mau 82.9 2.5-2120 159 2.5-3890

Do wireline 46.3 6.7-143 31 6.5-248

Thi nghiém déng 80 5-187 51 10-224

*Tac gid lién h¢

Email: truongnh@pvu.edu.vn
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1.3. Dg rong

Theo tai li¢u do dia vat Iy giéng khoan va ban d6 phan b do rong khoang do rong cua tap via 23 giam
cham tur phan dau cua ciu tric - t6i bién cua tap via, va giam tur c4u trdc phia Bac t6i cau truc phia Nam. O
céu tric phia Béc, khoang do rdng tir 15% toi 23% tir két qua do dia vat Iy giéng khoan. Cac hoat dong dirt
gay tao Ién mot vai cau tric nang trong viing nay, két qua la o rong cao. Tuy nhién, khoang do rong giam
theo huéng tir phia Nam va mot phan phia Dong cua dut gy sb 1V. Ly do Ia do cac hoat dong dut gay tao
thanh dia hinh hinh cau thang theo huéng Dong Nam. B rong giam la do tram tich day hon va tang mét
phan theo hudng Nam. O cu trac trung tam, do rong giam theo huéng Nam, huéng Bac va mot phan cua
huéng Tay Nam. O Cau truc phia Nam, tram tich on dinh hon va it anh huong boi dut giy. Do rdng giam
déu tir phan dau cua ciu trdc toi huéng Bac, Nam va Tay Pong (Ngoc T.B. va nnk, 2010).
1.4. Tinh trang thu héi Dau

Dbi twong Miocene dudi bat dau dugc dua vao khai thac nam 1986, va bom ép bat dau duoc thyc hién
sau mot nam, 1987. San luong dau cong ddn cao nhat dat 120,000 tdn vao nam 1988. Sau d6 via bi suy
giam &p suat, san lugng Dau cong don dat 30,000 tan, nam 2000. Cho dén 2007, san lugng Dau cong don
khai thac tir ddi tugng Miocene dudi dat 19. 138x10°tan Véi 76.2% ham luong nudc bio hoa. Tong sb giéng
khai thac 1a 54. Trong nam 2007, tai cdu tric phia Béc, lwong Dau khai thac cong don dat 3.44x108 tan, véi
hé s6 thu hdi dau khoang 0.31 va lugng dau khai thac cong don tai cu trdc phia Nam la 1.193x10° t4n Vi
hé s6 thu hdi Dau 12 0.15 (Ngoc T.B. va nnk, 2010).
2. Co sé ly thuyét va phwong phép nghién ciru
2.1. Phwong va hwéng phdt trién khe nirt

Hudng va do 16n cta tmg suét tai chd xac dinh huéng va hinh déng lan truyén cta khe nit (Hopkins,
1997; Warpinski va nnk, 1982). Trang thai cua img suét dugc md ta boi ba ing suét chinh vudng goc voi
nhau trong d6 o, biéu thi tmg sut chinh 16n nhat, o, 14 tng suat ngang 16n nhat va o5 g suat ngang nho
nhat (Resterepo 2008). Trong nut via thuy lyc khe nit phat trién theo huéng vudng goc véi tmg sudt ngang
nho nhat cua trudng Gng suat tai chd Hubbert & Willis (Hubbert va nnk, 1957).
2.2. Mé dun dan hoi ciia dit dd

Mo dun dan hdi dat da anh huong téi hinh dang khe nut va kha ning lan truyén cua khe nat. Ngoai ra
n6 con anh hudng tryuc tiép téi &p suat bén trong khe nit (Meyer va Jacot, 2001). Gié tri mé dun dan hoi
clia dit da thap hon s& cho két qua nurt via Ia chiéu rong khe nit rong hon trong khi chidu dai khe niit ngén
hon (Bazan va nnk, 2002).
2.3. Pj cieng t6i han ciia dit dd

Do cung toi han cia dat da 1a yéu td quan trong chdng lai sy lan truyén cua khe nit (Hoorn va nnk,
2012). B6 cang toi han cua dat da duoc xac dinh boi cudng do tmg suat cua khe nat. Gid tri d6 cang toi
han dat da dugc danh gia bai mirc do tap trung Gng suat ¢ hai dau khe nut.
2.4. H¢ so thit thodt dung dich

Hé s that thoat dung dich dwoc hiéu 1a tbe d6 mét dung dich trung binh qua dién tich khe nit duoc tao
ra trong qua trinh bom nit via thuy lyc. Hé s6 that thoat dung dich ting khi do tham va do rdng thanh hé
tang va do nhét dung dich thap. Do nhét dung dich giam bai hai yéu t6: khi nhiét ting trong diéu kién via
va khi hé dung dich c6 tron thém chét phé gel hay pha v cau tric. Hé sé that thoat khdng chi anh huong
t6i hinh dang cua khe nirt ma con anh huang téi su phan b hat chén bén trong khe nut (Bai va nnk, 2005).
Ngoai ra hé sé that thoat dung dich anh huong t6i dién tich khe nat (Bazan va nnk, 2002). Sy phan bé hat
chén trong khe nut ting khi hé s6 that thoat dung dich tang (Gadde va Sharma, 2005).
2.5. Hi¢u qua nut via

Hiéu qua nut via, (1)), & mot vai thoi diém trong khi bom nit via thiy lue dugc biéu din bai cong thirc
sau day:

n=VilVi 1)

Truéc khi tién hanh bom nut via thuy luc chinh, cong tac nit via thir (Minifrac test) duoc thuc hién truoc
tién dé xac dinh cac thong s6 quan trong sau khi déng giéng bao gdbm: hi¢u qua nat via, m6 hinh khe nat
hiéu chinh, va &p suat dong khe nit, tn hao &p suat ma sat tai 1an can day giéng, hé sé that thoat dung dich,
hé s6 mat mat dung dich. Tir md hinh &p suét day giéng suy giam bét diu dong giéng 1a mot ham sé cua thé
tich dung dich that thoat va thé tich khe nit nhan tao hinh thanh. Nhin chung, d6 tham cua via cang thap
thi hé sb that thoat dung dich cang nho va d6 tham cua via cang I6n thi hé sb that thoét dung dich cang cao.
2.6. Luu lwong bom

Luu lugng bom anh huong t6i ap suat bén trong khe nit, do d6 né anh hudng t6i chleu rong va chiéu
dai va chidu cao cta khe nut. Vé yéu t6 kinh té, luu luong bom anh huéng t6i cong sudt bom va n6 anh
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hudng tryc tiép t6i do bén ciia 6ng chdng khai thac dudi day giéng. Thyc té hidu qua nit via ting khi luu
luong bom tang, ngugc lai luu lugng bom giam thi hiéu qua nut via giam. Do d6 viée t6i uu luu lugng bom
rat can thiét cho cong tac nut via thuy luc. Su anh hudng cua cac yéu td toi ap sudt khe nut duoc biéu dién

theo cong thurec:
14
X
P (qg—fj @
2.7. Mé hinh khe nut PKN-C

M0 hinh khe nat hai chiéu (PKN-C) duoc ap dung cho ddi tugng dat da c6 do tham va do rong thap,
muc tiéu nat via dé phat trién chiéu dai khe nit dé tir d6 cho phép tang dan sut khe nut. Gia s ta biét cac
thong so: hy, E', gi, p, Ci va Sp. Trong thiét ké nat via thuy luc, muc tiéu thiét ké nira chiéu dai khe nut (xf)
duge dua ra xem xét, va thoi gian bom dugc xac dinh tir mé hinh khe nut cu thé; ap suat khe nut, chicu
rong trung binh cua khe niit, va hiéu qua nut via dwoc danh gia sau khi két thiic cong viéc. Trong qua trinh
mo phong su phat trién khe nit, thoi gian bom duge xac dinh trudce, va cac két qua chiéu dai khe nit dugc
xac dinh tir mo hinh ciing nhu sy phan bd hat chén, dién tich khe nit va khdi lugng hat chén sir dung.
(Valko va Economides, 1995) (Peter Valkd, 1995) dua ra 1ap luan rang trong c&c nghién ctru trude vé moi
lién h¢ gitra cac thong s6 xir Iy nit via, tinh chét cua dat da va do rong khe nat tai than giéng ma khéng tinh
t6i hé s6 that thoét tong (Cy laco phan khong chinh xac va ho da dé suat md hinh cai tién cho chiéu rong
khe nat gan lan can than gieng, wy, dua trén két qua han ché cua Nordgren (1972). Chiéu rong 16n nhét cua
khe nat gan than giéng trong diéu kién mo hinh dung dich nut via phi Newtonian (power law) gisi han boi
cac thdng sé wng xir cua dung dich nut via (n), va chi sé do sét (K) duoc cho bai cong thirc sau:

1
w, =9. 152n+2x3 982n+2 [1 n(m- 1)}2" 2 Kﬁx (0:/2)"h¢"x; |2 3)
n E'
Rahman, 2002 (Rahman va nnk, 2003) dwa ra mdi lién hé gitra d6 nhét cua dung dich nit via véi céc
théng s6 cuia md hinh Power law nhu sau:
n=0.1756(1000ue) — 0.1233, K= (0.5u,~0.0159)x47880 (4
Dbi voi mé hinh PKN, hé s hinh déng cua khe nut (/5), va chiéu rong trung binh caa khe nat, w, =
gwf, va sir dung cong thirc xac dinh do Ion caa nira chiéu dai khe nat theo mé hinh PKN ¢ tinh tinh toi
hé sb that thoat dung dich tong qua dién tich khe nut. Khi d6 do I6n dién tich khe niit dugc danh gia qua
cdng thic sau:
(W, +2S)) g, ) 2B
= 2 (exp(B*)erfe(P)+—=-1 ®)
e 2( p(B*)erfe(B) I )

Va naa chiéu dai cua khe nat duoc rut ra tir cong thuc tinh dién tich khe nat sg 1a:

_(w,425)) g 2 Vnt (6)
W ) (exp(p’ )erfc(B)+ \/— -1); B_w s

a P
Hiéu qua nut via thuy lyc dugce danh gia theo cong thirc sau:

_ Wahfxf - ha —M(exp(ﬁz)erf()(ﬁ)"'z_\/g'l) (7)

f

at T e

Cong thuc (6) va (7) dung dé danh gia do lon cua nua chiéu dai khe ntt va hiéu qua nut via véi cac yéu
t6 anh huong cua chiéu cao khe nut, hé s6 that thoat dung dich téng, luu luong bom €p, va thoi g1an bom
ép. Cong thirc 7 biéu dién hi¢u qua nut via thay luc, nd ty 1é nghich véi hé sb that thoat dung dich va ty lé
nghich véi thoi gian bom. Phuong trinh can bang trong khi bom nut via c6 tinh t6i hé s Nolte (Nolte,
1986) va anh huong cuia chiéu cao khe nut, chiéu cao tham cia via.

2K, €1, E-w, +25,)=0 (®)
X.h,
Hé sé Nolte Ky lién quan dén hiéu qua nit via duoc cho béi céng thirc sau:

18
KL_2|:3T]+7E(1 n)}

Trong d6, wy la chidu rong 16n nhit cua khe nut gan than giéng (inch)
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Hinh 1. M6 phong khe nit ~ Hinh 2. M6 hinh khe nitt gid ba chiéu mé td khe mit phdt trién trong mét
theo mé hinh PKN 16p dat da (Ahmed, 1984)
(Nguyén Hatu Truong va
nnk, 2015)

2.8. M6 hinh chiéu cao khe ni#t trong mé hinh khe ni#t gidg ba chiéu P-3D

Mé hinh khe nurt gia ba chiéu mé ta sy phat trién chiéu cao khe nirt trong mot 16p dat da trong khi bom
ntt via thiy lyc. Khe nit phat trién hudng 1én bién trén 16p dat d4, hy, phu thudce vao su khac biét ing suat
giita mg sut thing dimg va tmg suit cua 16p dat da tai bién, chiéu cao bin mé via, cudng do climg suét t&i
han cia khe nut, ty trong dung dich sir dung va déc biét 1a ap suét trong khe ntt. béi v6i khe nat phat trién
xudng bién dudi 16p déat da phy thudc vao khac biét ing suit gitra (g suét thing dimg va tmg suat cua 16p
bién dudi 16p dat d4, chidu cao bin mé via, cudng do cling suét toi han cia khe nut, ty trong dung dich va
ap sudt bén trong khe nirt. M6 hinh sy phat trién chiéu cao khe nut dugc biéu dién theo cac cong thirc (9)
va (10) (Ahmed, 1984; Newberry va nnk, 1985; Economides va Nolte, 2000).

Ap suét khe nirt phat trién 1én bién trén 16p dat da:

C h 4. h
Ap, FI{K.CG-« [4C,(0, o) cos l(h—>}+csp<hu-o.5h) ©)
Ap suét khe nirt phat trién xudng bién dudi 16p dat da:
C h 4. h
ApfFl{K.c(l-,/ﬁwcz(cu-o)JE cos 1(h—)}-c3p(hd 0.5h) (10)
d d

Chiéu cao phat trién khe nirt tong hop:
h;=h_,+Ah, 6 +Ah, (11)
V& h =h +Ah,; h,=h,+Ah, (12)

3. Két qua va thao luan

q,n, K, Sp, CLLE', 1 Mo hinh PKN-C

Mo hinh P-3D
- Chiéu dai khe ntr
- Chiéu cao khe ntr
- Chiéu rong khe nir

M6 hinh P-3D
- Gia tang chiéu cao trér
- Gia tang chiéu cao dud

Ap suit khe nirt
- Hiéu qua nut vie
- Chiéu dai khe nt

Hinh 3. M6 hinh danh gid chiéu cao khe nitt P-3D

Bdng 1. Cdc théng sé via va cdc théng sé nirt via thiy liec
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Cic thong sd Gia tri
Chiéu sau via, ft 9,612
Chiéu day via, ft 121.4
Mb dun dan hoi cia da, psi 3.5x108
Chi s6 d9 sét, K, Pa.s” 0.25
Chi s6 g xir dung dich, n 0.12
Luu lugng bom, m?/s 0.05
Ung suit ngang nho nhét, psi 5734
Ung suét 16p dét da trén, psi 6584
Ung suét 16p dat da dudi, psi 6734
Do clng téi han dat da, Kic, psi (in®%) 1099
Thoi gian bom, phut 90
Hé s6 that thoat dung dich, C), ft/min®? 0.00227

Bang 2. Anh hudng cua ap suét khe nirt t&i phat trién chiéu cao khe nut

Ap suét khe nt, psi | Ah,, ft hy, ft Ahy, ft hg, ft
82 0.63 122 1.76 123.16
105 1.27 122.67 2.64 124.04
124 1.93 123.33 3.45 124.85
132 2.28 123.68 3.87 125.27
139 2.59 123.99 4.23 125.63
145 2.87 124.27 4.55 125.95
150 3.13 124.53 4.84 126.25
159 3.60 125 5.37 126.77
131+ 1314
130 1304 f=—PKN-C
y o 1)
= 1294 =
b= 128 2 1284
= £ 127-
g 127 § 1261
8 1267 B 151
S 1254 © 1241
1244 123 4
122 T T T T T 1
128 0 20 40 60 80 100 0 20 40 60 80 100
Thoi gian bom, phut Thoi gian bom, phat
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= Khe nit duéi
= Khe nit trén
4
2
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o

Hinh 8. Chiéu cao khe niit phat trién bén trén va bén dudi theo &p sudt tai day giéng

Hinh 4 biéu dién thoi gian bom twong (ng véi chidu cao phét trién khe nit trong diéu kién truong ung
Suét tai chd, (g suat tai bién trén va img suat tai bién dudi I6p dat da, khdi lwong riéng dung dich nut via
62.4lbm/ft3. Hinh 4 biéu dién thoi gian bom twong tng Vi sy phat trién chiéu cao khe nit ciing nhu ting
thé tich dung dich nut via bom xudng khe nut dan téi chiéu cao khe nit phat trién, diéu nay dugc giai thich
khi thé tich dung dich cong dén bom véo khe nirt ting 1én thi thé tich khe nit tang dan t6i chiéu cao khe
nirt tang 1én. Phuong trinh can bang trong nirt via thuy lyc thé hién tong thé tich bom s& bang thé tich khe
nirt tao ra cong véi vai thé tich dung dich that thoat qua dién tich khe nut trong mot thoi gian bom, thé tich
dung dich phat trién nhanh khi hé s6 that thoét dung dich thap ciing nhu thé tich that thoat dung dich thap.
Hinh 5 biéu dién chiéu cao khe niit phét trién cia md hinh PKN-C va mé hinh P-3D theo thoi gian bom,
khi thoi gian bom ting 1én thi chiéu cao khe nut ddi véi md hinh PKN-C 16n hon so véi chiéu cao phét
trién khe nut trong mé hinh gia ba chiéu (P-3D), vi chiéu cao khe nit phét trién trong mé hinh P-3D duoc
biéu dién (h¢+hp)/2 thap hon so vai chiéu cao phat trién khe nat trong mé hinh PKN-C Ia gia tri hy trong mo
hinh (9). Hinh 6 biéu dién thoi gian bom tuong g véi chiéu dai khe nit cua hai mé hinh khe nirt PKN-C
va mé hinh khe nut gia ba chiéu P-3D, khi thoi gian bom ting 1én ddng nghia véi thé tich dung dich bom
vao trong khe nut tang 1én va turong tng két qua thé tich khe nut tang 1én dan t6i chidu dai khe nut ting
theo thoi gian, tuy nhién chiéu dai khe nit trong mé hinh P-3D 16n hon so véi chiéu dai khe nit trong md
hinh PKN-C, diéu nay giai thich Ia chiéu dai khe nut ty 16 nghich véi chiéu cao phat trién khe nut va do d6
khi chiu cao khe nut trong mé hinh khe nut gia ba chiéu thap hon so véi chiéu cao khe nit trong md hinh
hai chiéu PKN-C, thi chiéu dai khe nat trong mé hinh P-3D dai hon. Hinh 7 biéu dién ap suét khe nut theo
thoi gian bom tng véi hai mé hinh khe nit hai chiéu PKN-C va mé hinh khe nit gia ba chiéu P-3D, Hinh
8 biéu dién gia tang phat trién chiéu cao khe nit bién trén 16p dat da va gia ting phat trién khe nut I1én bién
dudi l6p dat da.

4. Két luan

Nghién ctu sy phat trién chiéu dai va chiéu rong khe nut trong m hinh hai chiéu PKN c6 tinh téi hé s6
that thoat dung dich dé tir d6 1a co s& danh gia sy phat trién chiéu cao khe nut trong mé hinh khe nit gia ba
chiéu P-3D, nghién cttu rat ra két két luan nhu sau:

- Chiéu dai va chiéu rong khe nut sau nut via trong md hinh gia ba chiéu (P-3D) co tinh téi hé sb that
thoat dung dich 16n hon so véi md hinh hai chiéu PKN c6 tinh téi hé s6 that thoat dung dich.

- Ap suat bén trong khe nut d6i vai mé hinh khe nit gia ba chiéu (P-3D) 16n hon so ap suét khe nut doi
vGi mé hinh PKN-C.

- M0 ta gan dung hinh dang khe nirt cho phép danh gia dan suat khe nit dé tir d6 1am co s¢ dé danh chi
s6 khai thac sau nut via.

- Tiép tuc nghién ciru t6i uu chiéu cao khe nut sau nit via dé tir d6 toi wu luu lwgng khai thac san pham
bang céch tdi da lgi nhuan rong (NPV).

Danh muc cac tir viét tat

C1 =0.0217

C =0.515

Cs =0.0069

Kic =P tmg suét ti han khe nit, psi*in®s
Aps = Ap suit khe nut, psi

hq = Chiéu cao khe nirt trén 16p dét da, ft
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hy = Chiéu cao khe nit dudi 16p dat da, ft

p = Khdi luong riéng ciia hé dung dich nut via, Ib/ft3

hp = Chiéu cao bin m¢ via, ft

Ah, = Gia ting chiéu cao khe nut trén 16p dt da, ft

Ahy = Gia tang chiéu cao khe nut dudi 16p dat da, ft

Qi = Luu lugng bom (bpm);

As = Téng dién tich khe nut, (ft2);

Wa = Chiéu rong trung binh cua khe nut (inch);

Ci = Heé s6 mat mat dich nit via qua dién tich khe nut, (ft/min®®)
Sp =H¢ s6 that thoét dung dich nut via, (gal/ft?);

t = Thoi gian bom ntt via thay lyc (phit).

Qi = Luu lugng bom, bpm

ht = Chiéu cao cuia khe nut anh huong boi d6 cing cua dét da,
KL = Hg sb Nolte,

o = Ty s6 giita chiéu cao khe nirt vai chiéu day cuaa via, (hi/hy).
n = Chi s6 ung xir cua dung dich nut via,

K = Chi s6 d¢ sét caa dung dich nit via (Pa.s"),

Ue = Do nhét cua dung dich nut via, Pa.s

Vi = Thé tich khe nut

Vi = Thé tich bom nut via thay huc

n = Hi¢u qua ntt via, %

E = M6 dun bién dang phing cua dit da

X =Chiéu dai khe nut

Pret =Ap suét bén trong khe nut

i =b6 nhét dung dich nut via

NPV = Lginhuan rong
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ABSTRACT

Improved fracture geometry using P-3D fracture model during for the
Lower Miocene Reservoir

Nguyen Huu Truong?
Petrovietnam University (PVU)

Hydraulic fracturing technology has been widely used to stimulate the low permeability, medium
permeability reservoir. Now this technique applies to stimulate high permeability reservoir to improve or
enhance the productivity index after fractured well. This article compares the fracture efficiency, fracture
length, fracture width, and the net pressure attained from two-dimensional fracture model and three-
dimensional pseudo-fracture model account for the leak-off coefficient for the lower Miocene objective, X
field, offshore Viet Nam. Appropriate fracture length, width, and fracture heigh based on pseudo three-
dimensional fracture model in the field has brough more benefits to evaluate fracture conductivity as well
as productivity index at the fractured well. Before conducting a main treatment, mini frac test must be
performed to obtain the importance of treatment parameters such as fracture efficiency, leak-off coefficient,
and pump rate, closure pressure for providing main treatment.

Keywords: Fracture length; fracture width; fracture efficiency; fracture height; the Lower Miocene.
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E RSE ~_ HOINGHI TOAN QUOC KHOA HQC TRAI DAT
RARNI BOREES D VA TAI NGUYEN V@I PHAT TRIEN BEN VNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Anh huéng tinh chat luu bién dung dich khoan
to1 toc do co hoc khoan

Nguyén Hiru Truong*
YTruong Dai hoc Dau khi Viét Nam (PVU)

TOM TAT

Nghién ctu trinh by anh huéng cua cac yéu td: ton that ap suat trong khoang khong vanh xuyén, d6 nhot
déo, g suat truot tinh, trong diéu kién ché do chay tang, ché do chay ddi, t6i tbc d6 co hoc khoan trén co
so sir dung sb liéu thu thap duogc trong qua trinh khoan céac giéng khoan & mo X. Dua trén mo hinh
(Bourgoyne va Young, 1986), thdng s6 anh huong téi mo hinh tde do khoan la chénh ap giira ap Suit dong
trong giéng (khdi lugng riéng tuin hoan twong dwong, ECD) véi ap suit 15 rdng theo tirng khoang khoan
va tdc do khoan dugc s& duoc xay dung trén co s¢ ham hoi quy tuong quan gilra tdc do co hoc khoan véi
chénh &p, tir két qua d6 phan tich anh huéng cua tinh chat luu bién dung dich khoan t6i tée do co hoc khoan.
Trong thyc té khoan, ty trong tuin hoan dung dich turong dwong phu thudc rat nhidu yéu té nhu: khéi luong
riéng cua dung dich sir dung ban dau, ton that ap suat trong khoang khong vanh xuyén, chiéu sau do cua
gieng, anh huong cua ham luong pha ran trong dung dich khoan, anh huéng hién tuong piston, anh huong
cua toc do vong quay cua chudi can khoan, anh huéng caa gia toc, va mue do do bén Gel. Két qua, tc do
co hoc khoan ¢6 mdi lién hé voi ap suat mat mat khoang khdng vanh xuyén, ché do dong chay va tinh chat
Iwu bién caa hé dung dich va khi ting ap suat mat mét trong khéng gian vanh xuyén thi toc do khoan giam.

Tir khéa: ECD; Ap suét 16 rdng; do nhot déo; do bén Gel.

1. Pit vén dé

M&i quan hé giira cac théng sb khoan véi téc do khoan rat phic tap, va viéc téi wu cac thong sb van
hanh khoan cho ting khoang khoan dé gi& thanh mét khoan tdi thiéu Ia rat can thiét. Thyc té c6 rat nhiéu
cac thong s6 khoan khac nhau anh huong t6i toe d6 co hoc khoan (ROP), céc thong sé chua dugc hiéu day
du do sy phtc tap trong khi thu thap dix liéu trong khi khoan giéng. Do d6 mé hinh hoa toan hoc dé mé ta
téc do khoan mot cach chinh xac nhat cho qué trinh khoan giéng néi chung cho dén nay van chua dat dugc.
Thuc té c6 nhidu mo hinh héa mé ta téc d6 co hoc khoan &p dung khoan cac giéng khoan cho cac mé dau
khi trén thé gi¢i. M hinh tdc d6 khoan (ROP) duoc xay dung lién quan tai tinh chat dung dich khoan, tur
d6 cho phép diéu chinh tinh chat dung dich dé cai thién toc do khoan (ROP). Dua trén (ROP) da xay dung
con cho phép phan tich do nhay anh huong cua cac yéu té toi toe do co hoc khoan. Viéc diéu chinh tinh
chét luu bién dung dich ¢ loi hoat dong khoan giéng vi: Giam gia thanh mét khoan khi t6i uu toc do khoan;
Du doan va kiém soét tdt toc d6 co hoc khoan; Xac dinh théng sé dung dich khoan nao anh hudng 16n téi
tdc d6 co hoc khoan, tir 6 diéu chinh théng sé dung dich dé ting tc do khoan.

2. Co sé ly thuyét va phwong phap nghién ciru
2.1. M6 hinh héa tée dé co hoc khoan Bourgoyne va Young

M0 hinh téc d6 khoan Bourgoyne va Young duoc st dung trong nghién ciru do mo hinh wu viét hon cac
mo hinh téc do co hoc khoan khéc vi né duoc xay dung voi nhiéu yéu té khéc nhau trong tung khoang
khoan. Nhirng yéu t6 chinh tac dong toi téc do khoan: do bén cuia dat da thanh hé khoan qua, chiéu sau cia
giéng khoan, mirc o nén cia dat d4 thanh hé, sy khac biét 4p suét giira ap suat thanh hé véi ty trong tuan
hoan dung dich tuong dwong, dwong kinh ciia chodng khoan sir dung, tai trong 1én choong WOB, s vong
quay RPM, sy mai mon cua ring choong, ap luc thiy luc qua chodng. M hinh téc do co hoc khoan
Bourgoyne va Young (1974) cho choC)ng khoan chép xoay nhu sau:

ROP———e(a +Za 1)

*Tac gid lién h¢
Email: truongnh@pvu.edu.vn
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Trong d6: a; 1a hé s6 biéu dién do bén dat da thanh hé, a; biéu dién anh huong do nén dét d4 binh thuong,
ag biéu dién anh huong cua di thuong 4p suat, a, biéu dién anh huong cia chénh ap giira ap suat thanh hé
Vi &p suit dong trong giéng, as biéu dién anh huong cua tai trong 1én choong va dudng kinh cua choong
khoan, as biéu dién anh huong cua téc d6 vong quay, az biéu dién anh huong d6 mai mon ring choong, as
biéu di&n anh huéng cua ap luc cua dung dich khoan qua cac voi phun.

2.1.1. Anh hwéng ciia chénh ap

Hé sb as quy dinh anh huéng cua chénh &p suit t6i toe do co hoc khoan trong mé hinh téc d6 khoan
Bourgoyne va Young. Anh huong cua chénh &p gitra khdi lugng riéng quy d6i &p suat 16 rdng voi khoi
luong riéng dung dich tuan hoan twong duwong quy ddi dugc quy dinh boi ham (x4) t6i toe d6 co hoc khoan
(ROP).

f,=e™ —g?23032, D(ECD—PP) (2)
M0 hinh ECD c6 thé biéu dién tong quat nhu sau:
ECD(ppg)=OWM-+ 2P AP ADs *Ap, TAps o

0.052xD
Tac gia chi yéu dé cap anh huéng cua ton that &p suét trong khoang khong vanh xuyén, khi lugng
riéng cua dung dich str dung Ién ty trong tuan hoan tuong duong (ECD).

2.1.2. Ap dung trrong hop céc giéng khoan mé X '

Dt liéu thu dugc tir viéc ghi nhan cac thong so khoan cua choong theo thoi gian thuc cua cac gieng
khoan mo X, theo chiéu sau tang dan trong giéng khoan. Bo so liéu trong Bang 1 sir dung dé phan tich hoi
quy.

Bang 1. Thong sé khoan céc giéng khoan tgi mo X

STT | Depth(ft) | ROP ECD Pp (ppg) | OMW (ppg) Pann (psi)
(ftzhr) (Ppg)

1 3231 31.3 9.29 9 9.2 -204.07
2 3592 25.3 9.02 9 9.01 -75.26
3 3608 45 8.78 9 9.01 -337.94
4 4021 16.5 9.25 9 9.15 90.22
5 4156 322 8.57 9 9.1 -205.00
6 4156 35.6 9.11 9 9.1 -250.79
7 4251 15.9 8.89 9 9.1 116.37
8 4267 29.5 8.73 9 8.73 -83.54
9 4500 22 9.53 9 9.45 -114.94
10 4749 17.6 8.84 9 9 92.14
11 4789 26.2 9.35 9 9.3 -164.05
12 4808 13.9 9.72 9 9.65 37.29
13 4858 17.1 9.02 9 9 105.29
14 4979 10.6 9.6 9 9.51 191.38
15 4982 18.2 9.42 9 9.38 -21.59
16 4999 21.4 9.64 9 9.6 -152.99
17 5005 18.3 9 9 9 74.35
18 5196 7.3 9.66 9 9.61 328.74
19 5225 21.7 9.02 9 9 -3.38
20 5241 16.1 9.93 9 9.9 -112.50
21 5261 7.1 9.09 9 9.05 492.55
22 5287 13.6 10.1 9 9.8 -10.19
23 5405 20.8 9.05 9 9 15.94
24 5451 13.4 9.75 9 9.6 46.44
25 5674 14.8 9.12 9 9.1 141.67
26 5911 9.8 9.76 9 9.5 205.53
27 6180 6.9 10.7 9 9.8 262.18
28 6754 8.7 10.58 9 9.8 132.56
29 6760 3.3 11.15 9 9.8 574.50
30 7032 8 10.25 9 9.45 287.24
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Bang 2. Thdng so chudi can khoan va tinh chdt dung dich khoan

Chudi can khoan
Chiéu dai can nang, ft 400
Chiéu dai can khoan, ft 13900
YP, Ibf/100ft? 12
Tbc d6 dung dich, ft/min 181
Luu lugng bom, gpm 350
DPuong kinh giéng, in 8.5
Puong kinh ngoai can khoan, in 5
Puong kinh ngoai can nang, in 6

Tu mo hinh téc do khoan (Bourgoyne va Young, 1986), gia su cac thong 50 khac dugc gitr cb dinh, ta
Iay thong s6 thir tur (j =4) dugc goi la ham So (X4) trong mo hinh tuong ung hé sb as, va ham s6 (x4) thé hién
méi lién hé gilra ap suét 15 rdng vai ap suit dong trong gleng, twong g kh01 lwong riéng tuin hoan twong
duong quy ¢ dbi va khéi lwong riéng twong duong quy dbi dbi véi ap suat 15 rdng. M6 hinh téc do khoan khi
d6 duoc viét nhu sau:

ROp=9L _y g2, trong d6 x4=D(ECD-P,) (4)
dt

a, va k 12 hang s6 thu dwoc tir phan tich hdi quy trong dir ligu tir Bang 1. Bicu do méi quan h¢ gitra toc
d6 khoan va chénh &p theo ham s6 mii va duoc biéu dién theo céng thirc sau day:

ROP=21.54¢%000114%« (5)
2.1.2. Mai lién h¢ gii#a ROP véi ton that ap suat trong khodng khong vanh xuyen 7
Khoi lugng riéng tuan hoan twong dwong (ECD) duoc biéu dién nhu moé hinh (6), cu thé nhu sau:

Ap
ECD(ppg)=OWM+——1t (6)
, (Pp9) 0.052xD
Va théng s6 X4 lién quan chénh 4p dugc biéu dién nhu sau:
OWM+ (7)
{( 0.052x D) pm}

Tir 7 va 5 giai ra ta ¢ thdng sb x4 lién quan ti chénh 4p nhu sau:

X, = 26929-8771.93In(ROP) (8)
Ngoai ra 4p suat mat mat khoang khdng vanh xuyén duoc viét nhu sau tir 7 va 8

P,,=0.052| D(P,-OWM)-8771.93In(ROP)+26929 | )

Cong thirc 9 biéu dién su rang bugc cua cac yéu té khac nhau nhu ap suat I3 rdng, toe do co hoc khoan,
va ton that ap suat trong khoang khéng vanh xuyén, khdi lugng dung dich sir dung. Khi biét ba yéu t6 thi
dé dang xac dinh dugc yéu t6 con lai ¢ bat cir chiéu siu khoan giéng nao.

2.1.3. Méi lién h¢ giiza dj nhét déo véi ROP trén co sé mo hinh Bingham
2.1.3.1. Dong chay tang

Ung xir cua dong dung dich theo mé hinh Bingham trong khoang khong vanh xuyén duéi ché d6 dong
chay tang dugc mé hinh héa bc"ri (Azar va Robello Samuel, 2007):

Pann(DSi) =Dx L + - va Hp= 10000 D) kit (10)
1000(D,-D,)? ' 200(D,-D,) ’ v D 20000, D,)

Tir d6 riit ra phuong trinh biéu dién do nhét déo cua dung dich trong giéng dudi khoan.

_ 100000, D,y {p_ T, } a1

o D 200D, D,)
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Thay Pann tir phuong trinh 10 vao phuong trinh 11, mdi quan hé giira ROP va do nhét déo duoc biéu dién
nhu sau:

p

:1000(D_h-Dp)2x o.osz[D(Pp-OWM)-8771.93|n(R0P)+26929]_ T, (12)
v D 200(D, -D,)

Phuong trinh nay dung dé xac dinh ROP khi biét cac thong sb con lai tai mot do sdu khoan nhét dinh.

2.1.3.2. P6i véi dong chay roi

M6 hinh thyc nghiém tinh toan &p suat mat mét trong giéng khoan khai théc va sira giéng (N. J
Lapeyrouse, 2002), ap suat mat mat trong khoang khoéng vanh xuyeén dudi ché @6 chay roi nhu sau:

- 818, 0. Ny 18
P = 7'7X105XOWM08Q18“22D Vé u :( Pann (Dh Dp) X(Dh +Dp) 5 (13)
ann(psi) (Dh _Dp)Sx(Dh+Dp)1.8 p 7l7X10-SXOWMO.8Q1.8D

Thé Pann & cdng thirc 10 vao cong thire 15 ta thu duoc nhu sau:

_0.052[ D(P,-OWM)-8771.93In(ROP)+26929 | (D, -D,)°x(D, +D,)** , (14)
Hp=( 7.7x10°xOWMQ™*D )
Mai lién hé gitra ROP véi ung suét cit dong cua dung dich khoan nhu sau:
0.052| D(P,-OWM)-8771.93In(ROP)+26929 v
1,=200(D,-D,) [D(F,-OWM) ROPY+26929] v . (15)
D 1000(D,-D,)

3. Két qua va thao luan

50 50
; —
35 @ 40
= % * 2 35
& = ]
N S5 s ® @ a0
g 2‘D~\ ®e o LY
& 15-.1_.1... . & 0 0
10 ot & S0 y = 17.91e 000
PN Ve o 154 gl R?=0.8792
0 R = 0.598¢ 10 . Qe -
e e
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20 70
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hinh chady tang téi ROP
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khoan ROP

Hinh 1 biéu dién anh huang caa yéu té chénh &p giira 4p suat dong trong giéng véi ap suat 16 rdng trong
giéng khoan téi toc do co hoc khoan. Khi chénh ap trong giéng khoan ting thi toc do co hoc khoan giam
va nguoc lai. Ap suat dong trong giéng khoan tang phai ké tGi yéu té ton that ap suat trong khoang khong
vanh xuyén, va ché d6 dong chay cua dung dich trong khoang khong vanh xuyén. bé dam bao toc d6 khoan
6n dinh, thi phai kiém soat ECD bang céch kiém soat ham lugng pha ran, toc do kéo tha can khoan, va téc
d6 quay chudi can khoan tbi wu dé sao cho ECD thap nhét. Hinh 2 biéu di&n anh huong cua ton that ap suit
trong khoang khdng vanh xuyén téi téc do co hoc khoan, nhu phén tich Pan, lién quan téi &p suit dong trong
giéng, va khi P, tang thi tdc do khoan giam va nguoc lai, diéu d6 can diéu chinh Pan, toi wu nhé nhét bang
cach thiét ké céc thiét bi day giéng pht hop. Hinh 3 biéu dién anh huong do nhet deo t6i ROP, khi PV tang
dan téi ROP giam diéu d6 dwoc giai thich PV lién hé chat ché véi Pann, do d6 trong khi khoan giéng can
phai toi uu hoa PV mot cach hop ly. Néu PV cao qua dan ti ton that ap suat trong giéng khoan tang, dan
tGi &p suat dong trong giéng tang va day la nhan t6 vira lam giam téc do co hoc khoan vira c6 nguy co v
via gay ra hién tuong mat dung dich trong khi khoan giéng. Hinh 4 biéu dién anh huéng cua YP téi ROP,
khi YP ting thi dan téi ROP tang rat nhanh, trong thuc té YP cao qua khong tét gay va via do ting ap suat
day giéng trong khi bom.

4. Két luan

Phan tich hdi quy don bién anh huéng cua chénh &p trong giéng khoan giira 4p suat dong va ap suat 15
rdng t6i toc d6 co hoc khoan c6 céac két luan nhu sau:

- Chénh 4p cang tang thi téc d6 khoan cang giam.

- Cang tang do nhét déo caa hé dung dich, PV, déi véi md hinh Bingham thi téc d6 co hoc khoan giam.
Nguoc lai tang d6 bén Gel thi c6 kha néng cai thién téc d6 co hoc khoan.

- Can giit toi thiéu ap suat dong trong gleng khoan bang céch giir ham lugng pha rin & mac dudi 5%, va
giam téc do quay chudi can khoan, giit toc do kéo tha bo khoan cu trong giéng khoan mot cach pha hop dé
giam thiéu hién twong ting hoac giam ap suat day giéng, diéu chinh khéi luong riéng dung dich trong tirng
khoang khoan theo tirng chiéu sdu mot cach phi hop trong cira sé dung dich cho phép.

Céc tir viét tit
ROP = To6c @6 khoan co hoc

Pan = Ton thit &p suit khoang khdng vanh xuyén

OWM = Khéi lugng riéng dung dich khoan

Q = Luu luvong bom

Wp = Do nhat déo

Ty = Ung suét tdi thiéu dé dung dich chuyén dong

D = Puong kinh cua giéng khoan

Dp = Puong kinh ngoai caa can khoan

D = Chiéu sau giéng khoan

Po = Ap suét 15 rong

ECD = Khéi lugng riéng tuan hoan tuong duong

1% = V4n téc trung binh dong dung dich trong khoang khdng vanh xuyén

X4 = Ham s6 lién quan chénh &p trong giéng khoan

Ap1 = Tén thét 4p suét trong khoang khong vanh xuyén

Ap> =Gia tang ap suat trong gieng do yeu t6 man khoan

Ap3 =Gia tang ap suét trong gieng do yeu t6 quay cua chu0| can khoan

Aps =Tang 4p suat day gleng hay giam ap sut day gleng do tha hoac keo chu0| can khoan
Aps =Sy tang ciia 4p Suat trong giéng do gia toc tha chudi can khoan trong giéng
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ABSTRACT
The Effect of Fluid Properties on Rate of Penetration

Nguyen Huu Truong?®
Petrovietnam University (PVU)

This study presents the effects of annular pressure losses, plastic viscosity under turbulent flow, laminar
flow regime on the penetration rate using the (Bourgoyne and Young, 1986) penetration rate model, and
regression analysis method. The analysis of the ROP model was correlated from differential pressure
between equivalent circulating density and pore pressure data in each well depth using the regression
method. ECD depends on the original mud weight and pressure losses in the annulus under flow regimes
have been determined by mathematical equivalent circulating density. Thus, the penetration rate was related
to annular pressure losses, plastic viscosity under turbulent, and laminar flow regime in the annulus have
been constructed, plotted. The results show that the penetration rate increases as pressure losses in the
annulus induced the plastic viscosity decreases.

Keywords: The penetration rate; ECD; Plastic viscosity; Pore pressure.
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ERSS HOI NGHI TOAN QUOC KHOA HOC TRAI DAT
BRTHSGENGS D /A TA] NGUYEN VO PHAT TRIEN BEN VNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ctu wng dung hé dung dich bentonite polymer trong thi cong
khoan coc nhoi tai Viét Nam

Truong Van Tir'*, Tran Dinh Kién! Nguyén Khic Long®, Nguyén Tién Hang?
Nguyén Tai Thinh?
Trieong Pai hoc M6 - Pja Chat
2.Cong ty co phan Fecon

TOM TAT

Cong nghé khoan coc nhoi truyén théng hién nay thuong st dung hé dung dich polymer hoc bentonite.
Khi str dung mot trong hai h¢ dung dich loai nay thuong xuyén gap phai nhitng phuc tap sy cb lién quan
dén mét 6n dinh thanh 15 khoan, 1am nhidm ban bé tong, giam chét lugng cua coc nhdi, giam ma sat gitra
thanh hé va coc do do day vo sét I6n. Viéc tng dung hé dung dich bentonite - polymer véi nhiing wu diém
vuot troi: do nhét cao, do bén gel 16n, 16p vo sét mong, ... gitp ting chat luong cia coc nhoi, giam lugng
bé tébng hao hut, Chong sap 16 trong qua trinh khoan, dac biét khi thi cOng qua c4c tang dat da mém, bo roi,
dé sap 1o, nhu: tang sét truong ng, tang cét chay, tang nudc Ngam,... noi ma dung dich truyen théng khong
dap tmg duoc tot cAc yéu cau vé ky thuat va chat lugng. Bang viéc xir ly va phan tich céc s liéu thi nghiem,
két hop véi nhiing sb liéu thu dugc ngoai thuc dia, nhom tac gia gisi thiéu thanh phan hé dung dich bentonite
- polymer, nghién ciru tinh chét, wu, nhuge diém va pham vi tng cia né, tir d6 dua ra nhitng két luan, kién
nghi va danh gia kha ning tmg dung trong thi cong khoan coc nhdi tai Viét Nam. Két qua thir nghiém thuc
té tai don vi thi cong khoan coc nhdi cho thiy, hé dung dich bentonite - polymer da giam thiéu nguy co
phtic tap, su ¢b trong qué trinh thi céng, nang cao chit lwong coc khoan nhoi va hoan toan phu hop véi
cdng nghé khoan coc nhdi truyén théng tai Viét Nam.

Tir khoa: Khoan coc nhdi; polymer; bentonite

1. Pit véan dé

Thi cong khoan coc nhdi duoc ap dung khé phd bién trén thé gioi. Pugc trién khai voi nhiing dy an dac
thi v& moi truong, dia chat, yéu cau vé ky thuat chat luong... khi sir dung hé dung dich giir thanh giéng
khoan. Su phét trién cia cong nghé khoan coc nhdi ludn kéo theo sy phat trién khéng ngimng cua cac hé
dung dich khoan nham rat ngan thoi gian thi cng, 6n dinh thanh giéng khoan va dam bao an toan ky thuat.
Céc hé dung dich khoan c6 thé dugc chia ra lam 3 loai chinh: dung dich khoan gbc nuéc, dung dich gc
dau/gdc téng hop va dung dich khoan dang bot/khi. Trong khoan coc nhdi sir dung dung dich khoan géc
nude nhu: dung dich bentonite (sét), dung dich polymer. Hé dung dich diing gitr thanh giéng khoan noi dia
tang dé sut |o, sap 16 cho moi loai thiét bi khoan, giir cho mun khoan khong ling dong dudi day giéng khoan
va dua min khoan ra ngoai phai dam bao dwoc yéu cau giir on dinh véach giéng khoan trong suét qua trinh
thi cong khoan coc nhdi. Khi myc nuéc ngam cao (1én dén mit dat) cho phép tang trong lugng riéng dung
dich bang cac chat c6 trong lugng riéng cao nhu barit, cat magnetic ...Cac van d¢ gap phai trong qua trinh
thi cong khoan coc nhdi lién quan dén dung dich khoan: khé khan trong thi cong qua ving dia chat yéu nhu
cat chay, bun lodng, dit san lp, sét truong no, ling day coc anh huéng dén chat lugng xi mang, va thoi
gian téi st dung dung dich (Tomlinson va Woodward).

Dung dich khoan gbc nuéc ludn 1a wu tién hang dau khi tién hanh khoan coc nhdi. Cac cong ty dung
dich khoan hién dang tap trung nghién ctru phét trién hé dung dich khoan gdc nuéc cé tinh wc ché cao, dé
pha ché va than thién véi méi truong dé timg bude dua vao sir dung. Bai bao dé xuat hé dung dich Bentonite
polymer dé sir dung trong khoan coc nhoi ¢ Viét Nam.

2. Cac hé dung dich khoan cgc nhai hi¢n dang dwgc sir dung tai Viét Nam

Tai Vigt Nam, hién nay da s6 cac nha thau trong va ngoai nudc tap trung vao mot s6 h¢ dung dich géc
nude ¢ tinh chat nhu sau (TCVN 9395, 2012):

* Tac gia lién h¢
Email: truongvantu@humg.edu.vn
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- Hé dung dich bentonite: Pugc st dung rong réi tai céc giéng khoan coc nhéi, dé tai mun khoan cao, d&
thi cong. Tuy nhién hé c6 pha ran cao; khé khdng ché vé tinh Iuru bién, ton that thity luc I6n chua than thién
v6i méi trudng. Bén canh do, tinh e ché cua hé nay ciing khong cao vi hé khdng chira nhitng chat wc ché
c6 hoat tinh cao dé bi sap, truong n& khi khoan qua ting dat d4 chira sét.

- H¢ dung dich polymer: h¢ c6 tinh tc ché sét khi khoan qua céc ting dét da chira sét. Dung dich Polymer
c6 gi& thanh pha hop, nén chi 4p dung cho nhimg ving dia chat néng va it phic tap.

3. So sanh tinh chit h¢ dung dich khoan Bentonite polymer so véi bentonite truyén théng

- Hé dung dich Bentonite - polymer la dya trén nén bentonite nhung c6 chirc nang va tinh chét gidng
nhu polymer;

- Hé dung dich Bentonite polymer phat huy téi da cac wu diém cua dung dich bentonite va polymer,
han ché téi mirc téi thiéu nhugc diém cua hai loai dung dich khoan trén;

- Bentonite polymer c6 thudc tinh polymer, hinh thanh bentonite dém polymer khi tan trong nuéc nén
c6 trong lugng thap tuong tu nhu dung dich khoan polymer truyén théng va khoan tét nho ¢6 luc lién két
cao, d6 nhaot déo Yp cao;

- Bentonite truyén thong (chi co hinh thanh bentonite dém nudc) thuong phai quy dinh trong luong
riéng >1.05 dé c6 dam bao d6 nhét khi khoan (khi ding dung dich trong luong riéng thap hon dé gay sap
I6 thanh giéng va khong ¢am bao vé lam sach giéng khoan);

- Bentonite polymer c¢6 d6 nhét déo cao ting kha nang boi tron cua dung dich, trong khi d6 nhét dung
dich Bentonite truyén thong do nhot phéu cao, do nhét déo thap nén tao ving dinh tré day 16 khoan giam
kha ning 1am sach va boi tron. Bentonite polymer c6 thudc tinh Polymer (ky nuéc) nén khong gay nhiém
ban bé tong dam bao d6 ddng nhét bé tong;

- Bentonite truyén thong (uru nudc) thuong yéu cau d6 nhét phai nho < 28 giay trude khi d6 bé tong dé
giam thiéu sy nhidm ban bé tong (song siéu am <3500, va dé dat > 4000 doi hoi phai thao tac can than va
mét nhiéu thoi gian cho cong tac thoi ria);

- Bentonite polymer c6 d6 sach cao, ham luong cét va cac phan tir khong tan it, kha nang tai 1am sach
t6t khi sir dung cac phuong phéap tudn hoan khac nhau. Ham lwong cat va cac phan tir dat <0.8% truéc khi
db bé tong;

- Bentonite truyén théng c6 d nhét 16n tao ving dinh tré day 16 khoan nén kha ning lam sach day thap,
g suét cat tinh nhiéu khi khong du 16n dé giir hat min ¢ trang thai lo lirng khi ngirng tuan hoan hay tao
ra lang day va l6p bun day;

- Bentonite polymer ¢ d6 thai nudc thap do tac dung hda pham polymer nén khoan cé hiéu qua trong
diéu kién dia chat khac nhau, trong nhéu truong hop phl hop véi cho cac coc c6 duong kinh 16n ma khong
can bd sung thém bét ky phu gia nao;

- Bentonite truyén thong thuong ap dung cho cac coc c¢6 dudng kinh nhé, trong trudng hop ding cho
duong kinh 16n hay méi truong dia chit yéu thuong yéu cau bd sung thém héa chit CMC dé giam do thai
nudc;

- Po day vo sét hé Bentonite polymer thudng < 2mm nhung chit sit, thanh phan hé dung dich cia
polymer. Bentonite polymer 6n dinh thanh 15 khoan va khéng gay sap 1¢ khi khoan vao méi truedng cd mach
nudc ngam manh, médi trudng nudc lg hay nuéc man (do thude tinh polymer nén khong tuong tic manh
Vi moi trudng xung quanh);

- Bentonite truyén théng c6 do day vo sét thuong > 2mm, xdp hon va khong chit sit day 1a hé dung
dich phan I6p chat long, khong lién tuc (polymer c6 trong dung dich khdng phét huy hét chiic nang cua né),
va dé gap kho khian khi khoan vao méi truong dia chat nudc ngam 1on, moi truong khong thuan loi ( nude
lo, man);

- Bentonite polymer 12 san pham cé thudc tinh polymer nén c6 d6 nhét déo Py, tng luc cit dong Yp
cao nén kha nang giir cét tot lo lung trong dung dich trong hd, khdng c6 hién tugng lang ban hay lang cat
& day nhu cac dong bentonite, dé tch cat bang sang cat co ti I¢ thu hdi min khoan cao ( khoang 85%), tiéu
t6n it (46 nhét 6n dinh sau mai 1an tudn hoan), chi phi canh tranh so véi cac dong bentonite truyén thong;

- Bentonite truyén thong c6 ti I& thu hoi min khoan thap <30%, d¢ nhét giam sau mai 1an tuan hoan,
kha ndng x4m nhap cua cét va bun Ion.
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Bang 1. Cac thdng sé dung dich Bentonite

olymer (OTES corporation)

T Thﬁng.sé dung Ky hiéu Pon vi tinh Gia tri }heo yéu Giétri th},rc té
dich cau hién trwong
1 | Trong lugng riéng Y Glcm?® 1.02-1.10 1.035
2 | Do nhot phéu T Giay(s) 28-60s 32
3 | Ham luong cét m % <0.3% <0.1%
4 anngoh:)mltnh sl Gelyg mg/cm? 10-40 ~15
5 Do thai nudc B ml/30 phat <30 <15
6 Do day vo sét K mm 1-2 <1.6
7 | Ham lugng keo C KG/m? <15 <1
8 | Po bén Gel - N/m? 16-32
9 |[pH 8-10 9
Bang 2. Thanh phan dung dich Bentonite polymer (OTES corporation, AP 13A)
TT Tén hoéa ph‘flm Chirc ning chinh Hakgl(ll)l;,g]gg’
1 Sét Tao céu trlc 40-60
2 Chat diét khuan Diét khuan 1-1.5
3 CMC - HC Giam d6 thai nudc, ting d6 nhot 6-10
4 CMC - LV Giam do thai nuéc 8-10
5 NaOH Diéu chinh d6 PH 2-3
6 Na,COj3 hoic NaHCOs Két tua ion Ca?* 0.5-1
7 Céc chit bbi tron Giam moment 10-15

4, [(ét qua cong tac khoan khi sir hé dung dich khoan Bentonite polymer so véi bentonite truyén
thong.
4.1. Két qud do sikc chiu tdi ciia coc khi khong ké dén ma sat am

Khoan coc nhdi 1a giai phap nén méng chu yéu cho nha cao tang ¢ Viét Nam hién nay. Thiét ké coc hop
ly phai dam bao duoc 3 yéu t6: an toan vé mat ky thuat, hop 1y vé gia thanh va thuan lgi cho thi cong. Dé
bao dam an toan vé ki thuat vé stc chiu tai cua coc lién quan dén ma st thanh coc va luc chdng miii coc,
khi xac dinh chinh x4c ma sat thanh coc va lyc chéng miii coc ¢6 ¥ nghia rat I6n trong viéc dua ra mot thiét
ké hé méng coc ti uu cho cong trinh. Gia tri ma sat thanh coc va luc chéng miii coc cang Ion thi stc chiu
tai ciia coc cang tét va dam bao 6n dinh cho cong trinh. Cac két qua trén (Bang 3) cho thay suc chiu tai caa
coc khi khoan bing dung dich Bentonite polymer cai thién hon rat nhiéu khi khoan bang dung dich Polymer
dya trén thi nghiém hién truong thyc té tai cong trudng cong trinh (Report No.1 on Sonic test, project: Vinh
Tan 4 extension thermal power plant).

Swc chiu tai caa coc Do lwc ma sat xung quanh | Do lyc chong miii coc Rmiii
coc Rms (T/m?) (T/m?)
Giéng khoan st dung dung dich khoan 93.2 308.2
Polymer coc PTP-11
Giéng khoan sir dung dung dich khoan 139.4 720.1
Bentonite Polymer coc PTP-12
Hiéu qua 49.6% 133.6%

4.2. Két qua dang viza xi mang ciia coc khi do bé tong

Biéu d6 dang vira xi mang thé hién su hao hut xi mang trong qué trinh d6 bé tdng. Trén biéu dd cho thay
khi str dung dung dich Bentonite polymer d6 hao hut xi ming nho hon 10% khi khoan bang dung dich
polymer. Két qua dang vita xi méing cua coc khi db bé tong thé hién duoc rd hon nhimg wu diém khi dung dich
méi duoc &p dung so vai dung dich dung dich khoan truyén théng do 6n dinh thanh 15 khoan va khéng gay
sap |¢ tranh m rong thanh 16 khoan nguyén nhan chinh gay hao hut xi mang trong qué trinh d6 bé téng.
Ngoai ra hao hut do chénh léch duong kinh gau khoan trong qué trinh khoan dwgc khic phuc vé kiém tra
thiét bi nhan luc va cong nghé khoan trong qua trinh thi cong khoan coc nhoi.

203



(=]
Lh

g
gn 20 | /:
B
2 .
g 15 -
= _,"/_.- ol
< Yy
~ 10 - w—Desigrtin
2 »
g w
E 5 .
oo 5 —e—Artual ling
o '
.
B 0w
A 0 8 16 24 32 40 48 56

Concrete volume / Thé tich bé tong (m3)
Hinh 1. Biéu do dang vita xi mdng khi sir dung polymer coc PTP-11

25
g
B 20 7
3 .
3 -
215 — -
b By 4
- . Bestert
° 10 ) ;.J, - G
2 -]
E 5 - s
e e —e—Actual ling
Q 5
£
2 0w
A 0 8 16 24 32 40 48 56

Concrete volume / Thé tich bé tong (m3)
Hinh 2. Biéu do dang vita xi mang khi sir dung Bentonite polymer coc PTP-12

4.3. Két qud siéu am kiém tra tinh dong nhat ciia coc

Phuong phap siéu 4m, tan xa Gamma, phuong phap dong bién dang nho...va cac phuong phap thir khong
phéa hoai khac dugc dung dé danh gia chat luong bé tong coc dé thi cong, tuy theo mirc d6 quan trong cua
cong trinh, thiét ké chi dinh s6 lwong coc can kiém tra. Thi nghiém siéu am tién hanh theo ASTM-D6760-
08 “Standard Test Method for Integrity Testing of Concrete Deep Foundations by Ultra Sonic Cross-hole
Testing”. Két qua siéu am coc PTP-11 va coc PTP-12. (TCVN 9396:2012, ASTM-D6760-08, Report No.1
on Sonic test, project: Vinh Tan 4 extension thermal power plant)

- H: Dong nhét (suy giam téc do song siéu am trong bé tong <20% va Giam ning luong <50%).

- LH: it dong nhat (suy giam téc do séng siéu am trong bé tdng 20% hoic Giam ning luong >50).

- NC: Khong cu thé.

Hinh 3. So dé bé tri cac vi tri 5ng do siéu am trén dinh coc
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Hinh 4. Két qua do sonic khi sir dung polymer coc PTP-11

Bang 4 Két qua do sonic khi si dung polymer coc PTP-11

Chiéu sau do sonic coc PTP 11 (m) M3t cit
Tur bén 1-2 1-3 2-3
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Hinh 5. Két qua do sonic khi siz dung Bentonite polymer coc PTP-12
Bang 5. Két qua do sonic khi sir dung Bentonite polymer coc PTP-12
Chiéu siu do sonic coc PTP 12 (m) Mt cit
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Két qua cho thay chat lugng coc khi khoan sir dung Bentonite polymer coc cho thiy su dong nhét ciia
bé tong (suy giam toc do song siéu am trong bé tdng <20% va giam néang lugng <50%).
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5. Két luan

- Dung dich Bentonite polymer c6 d¢ nhét cao (28-60 s), dd bén lién két thanh 15 khoan do 16p vo sét
cao, chdng sap 1 khi khoan qua tang sét don va ting dat da khong 6n dinh tranh duoc sy hao hut xi ming
trong qua trinh d6 bé tong ;

- Dung dich Bentonite polymer khong wa nuéc, siéu sach véi bé tong giam thiéu sy nhidm ban thé hi¢n
qua két qua do sonic véi s6ng siéu am tir 400m/s tro 1én;

- L&p vo sét mong va cd chét lugng tt khdng lam giam ma sat thanh coc nang cao kha ning chiu tai cua
coC.

Tai liéu tham khao

TCVN 9395: 2012 Coc khoan nhdi - Thi cong va nghiém thu.

TCVN 9397:2012 Coc - kiém tra khuyét tat bang phuong phap dong bién dang nho.

TCVN 9396:2012, Coc khoan nhoi - Phuong phap xung siéu am xac dinh tinh dong nhat cia bé téng.

API 13A “Specification for Drilling Fluids Materials”

ASTM-D6760-08 “Standard Test Method for Integrity Testing of Concrete Deep Foundations by Ultra
Sonic Cross-hole Testing”.

Bo xay dung (1998), TCXD 205-1998, Méng coc-Tiéu chuan thiét ké, Ha Noi.

Béo cao k¥ thuat: Dung dich Bentonite polymer Benpol, cong ty TNHH OTES corporation.

Michael Tomlinson and Jonh Woodward (fifth edtion), Pile design and construction practice.

H.G.Poulos va E.H.Davis (1969), Pile foundation and analysis desgin.

US Army corp of engineer, design of pile foundation.

Report on static load test for test pile, project: Vinh Tan 4 extension thermal power plant.

Report No.1 on Sonic test, project: Vinh Tan 4 extension thermal power plant.

ABSTRACT

Research on application of bentonite-polymer drilling fluid for bored
pile drilling technology in viet nam

Truong Van Tu?, Tran Dinh Kien!, Nguyen Khac Long?, Nguyen Tien Hung? Nguyen Tai Thinh?
! Hanoi University of Mining and Geology
2 Fecon corporation

Conventional bored pile drilling technology often uses polymer or bentonite as drilling fluid. When
separately using these drilling fluids, some risks are encountered such as flowing sands, the breakthrough
of underground water, borehole collapse, contamination of concrete, reduction of concrete quality,
reduction of friction between the bored pile and wall. Bentonite-polymer drilling fluid will both maximize
the advantages and also limit the disadvantages of Bentonite and Polymer drilling fluid. The properties of
bentonite-polymer drilling fluid as high viscosity, high gel strength will prevent the wellbore from
collapsing, improve the drilling efficiency through the loose formation and underground water strata,
minimize the contamination of concrete. Moreover, the bentonite-polymer drilling fluid will create a thin
filter cake, it will increase the friction of the bored pile and wall. The in situ experimental results show that
the application of bentonite - polymer drilling fluid will decrease the drilling problems and also increase
the effectiveness of bored pile construction.

Keywords: Bored pile drilling; polymer; bentonite.
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