Y

KHOA HOC. CONG NGHE VA 801 MOl SANG TAD PETROVIETNAM https://doi.ora/10.47800/PVSI1.2026.01-07

GIAI PHAP GIA CO THANH GIENG KHI KHOAN QUA CAC VIA SUY GIAM
AP SUAT CHO MO NGOAI KHOI VIET NAM

Lé Vii Quan, Dinh Diic Huy, Vi Manh Hao, Nguyén Van Do
Vién Dau khi Viét Nam (VPI), Thanh phd Ha Noi, 11312, Viét Nam

TU KHOA TOM TAT
Gia c0 thanh giéng, via Suy giam ap suat via sau thi gian dai khai thac dan dén gidm (ing suat ngang nho nhat va gradient nit
suy giam ap suat, dia co vG, thu hep ctra s6 ap sudt khoan va gia tang rdi ro mat tudn hoan dung dich, ket can khoan va sap 16

hoc giéng khoan, dung thanh giéng...
dich khoan, hat nano,
mat tuan hoan dung
dich.

Bai viét tong hop va phén tich co s dia co hoc, cong nghé dung dich khoan va hé phu gia st dung dé gia
c0 thanh giéng, gom cac mé hinh long tng suat, ting suat dong khe nit va khang lan truyén khe ndt. Gac
hé vat liéu dugc phan tich theo ¢ ché hoat dong va pham vi ap dung gom: Vat liéu chong mat dung dich
truyén thong, bot xGp bién dang, hat nano, hydroxide kim loai hdn hop va phu gia kiém soat mét dung
dich.

Két qua thuc nghiém cho thay dung dich polymer 0,05% duy tri stic khang ma sat bé mat tot hon so véi
dung dich bentonite 8%, vi mic giam lan luot la 11,1% va 23,4%. Trén co s6 do, nghién cu dé xuat
phan loai via theo muic d9 suy giam ap suat, xdy dung quy trinh thiét ké gom 7 budc va khung giai phap
|wa chon vét liéu gia c6 thanh giéng khoan, ap dung cho cac md Bach Ho, SuTi Den va Dai Hung tai thém
luc dia Viét Nam.

1. Gigi thiéu strengthening, WBS) dua trén cac co ché hda - ly da dugc dau tu
nghién cttu va ting dung quy mé I6n [3, 4]. Bang cach bé sung cac
phu gia chuyén dung nhu vat liéu nano, FLC gia c6 thanh giéng,
hydroxide kim loai hon hgp (mixed metal hydroxide, MMH) hodc
polymer cao phén t{t vao hé dung dich khoan, thanh giéng dugc
gia 6, qua d6 han ché su phét trién cla vi niit va mé rong clra
50 ap sudt khoan. Viéc ap dung WBS gidp don gian héa cau tric
giéng (gidm s cap ong chdng), cho phép dua ong chong khai thac
¢6 dudng kinh I6n han xudng via san pham, gép phan duy tri hiéu
qua kinh té trong dai han [5].

(6ng tac thi cong giéng khoan tai cac thanh hé phi truyén
thong va cac md da khai thac lau nam ngay cang doi mat véi nhiéu
thach thiic ca vé k thudt lan hiéu qua kinh té. Qua trinh khai thac
kéo dai lam suy giam ap sudt via, dan dén su thay doi trang thai
(ing suat dia co hoc clia dat da khu vuc lan can thanh giéng. Hé
qué 1a clfa s6 ap sudt khoan - khoang chénh léch giita ap sudt 16
rong va gradient niit v - bi thu hep déng ké, lam gia ting nquy co
mat tuan hoan dung dich, ket can khoan do chénh ap, sép |6 thanh
giéng va phun trao khi cgt ap thdy tinh khong dugc duy tri [1, 2.

Tai Viét Nam, cdc mo chi luc thudc bé CGu Long (Bach H6, Su
Tt Den, Rang Dong) va bé Nam Con Son (Dai Hung, Lan Tay) da
budc vao giai doan khai thac cudi véi nhiéu tang chia bi suy gidm
ap suat nghiém trong. Cong tac khoan dan day dang gap cac thach

Cac gii phap truyén thong dé x Iy bai toan 6n dinh thanh
giéng chl yéu mang tinh co hoc va chi phi cao, dién hinh la khoan
kiém soat dp sudt (managed pressure drilling, MPD) hodc bd sung
¢t Ong chdng trung gian. Cong nghé gia cd thanh giéng (wellbore
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Hinh 1. Hiéu ting mé réng ciia s& dp sudt khoan khi dp dung cong nghé gia c6 thanh giéng [4].

thiic ky thuat tuong tu cac md truéng thanh trén thé gidi, dat ra
yéu cau cap thiét lam chti cong nghé WBS trong diéu kién dia chat
dac thu ctia thém luc dia Viét Nam.

Nghién ctu tap trung: (i) phan tich o s6 dia cg hoc clia hién
tugng mat on dinh thanh giéng khi khoan qua via suy gidm ap
sudt; (ii) hé thong héa cac co ché gia o thanh giéng bang dung
dich khoan va phu gia; (iii) phan tich so sanh cdc nhém vat liéu
chinh va két qua thuc nghiém; (iv) dé xuat bang phan loai via theo
mic d6 suy giam ap suat, quy trinh thiét ké WBS va khung lua
chon gidi phap phu hop véi diéu kién Viét Nam.

2. (0's6 dia co hoc ctia via suy giam ap suat
2.1. Cira sé dp sudt khoan

(ira s6 ap sudt khoan la dai ty trong dung dich an toan duc
gidi han dudi béi ap suat 10 rong (hodc ap sudt sap 16) va gidi han
trén bdi gradient nit v& cla dat da [6]. Khi ty trong dung dich
nhd hon ap suat 16 rong, luu chat via sé xdm nhép vao giéng -
hién tugng kick. Ngugc lai, néu ap suat thay tinh hodc ty trong
tuan hoan tuong duong (equivalent circulating density, ECD) vugt
gradient ndt vd, vi nit sé md ra va dung dich tran vao via, gay
mat tuan hoan. Tai cdc mé chua nén chat & ving nudc sau, cira so
khoan ¢4 thé bi thu hep xung chi con khoang 1,3 ppg, khién moi
bién dong nho cta ECD déu tiém an rdiro [1].

Hinh 1 minh hoa su khac biét giiia viéc tang ap sudt khéi niit
thuy luc (fracture initiation pressure, FIP) va tang kha ndng khéng
lan truyén khe nut (fracture propagation resistance, FPR) d€ mé
rong gidi han trén cla ctia s6 dung dich khoan.

Hinh 1a biéu thi co ché tang ap sudt niit v ban dau (Initial
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FIP): D6 thi biéu dién tac dong cla céc phu gia gia c6 thanh giéng
(wellbore strengthening additives, WSA) nhdm cling co cugng d6
€0 hoc tryc tiép tai bé mat thanh giéng. Néu khong st dung WSA
(duong mau do), khe niit bat dau hinh thanh tai diém Initial FIP
thap. Khi stt dung WSA (dudng mau xanh), diém niit va dugc ddy
Ién cao han (Final FIP), cho phép hé thong chiu dugc ap suat thiy
tinh I6n hon ma khong lam xuat hién khe niit mdi. Dy thutng
la két qua cta co ché "long (ing suat" (stress cage) gitip tang ing
suat vong quanh thanh giéng.

Hinh 1b thé hién co ché khang lan truyén khe nit. O trudng
hap nay, ap suat khéi nit thay luc khong thay déi gita trudc va
sau khi xt ly. Tuy nhién, nh& cac vat liéu bit kin vi niit né, ngay khi
mot khe niit nho xudt hién, cac hat nay sé ngay lap tic bi ddy vao
miéng hodc dau khe niit, ngan khdng cho ap suat tir giéng truyén
vao bén trong khe nit, han ché mé rong khe nit. Két qua la du via
da nuit, nhung ap suat bom (dudng mau xanh) van ¢6 thé tiép tuc
gia tang dang ké trudc khi xay ra hién tugng mat dung dich hoan
toan, tir d6 mé rong ctia 6 ap sudt khoan an toan.

2.2, Ung sudt hiéu dung
Ung sudt tac dung Ién khung da quanh giéng duoc mo ta
bdng (ing suat hiéu dung theo nquyén ly Terzaghi [6]:
o'=0-axP, ()
Trong dé:
0" Ung sudt hiéu dung;
0: Ung sudt tdng;
a: Hé s6 Biot;

P, Ap suat lo rong.
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Khi dp suét via bi suy gidm (AP < 0), tng sudt hiéu dung
trong khung da tiang, dng thai ting sudt ngang tdi thiéu () ciing
€6 xu hudng giam theo m hinh dan héi - xdp (poroelastic) cta
Geertsma [7]:

Aop=ax[(1-2v)/(1-v)]xAP, %)

Vi v la hé so Poisson.

Ty s6 suy giam tng sudt y = Ao /AP thudng ndm trong
khodng 0,5 - 0,8 ddi vdi cat két, nghia la cir giam 1.000 psi ap suat
16 rbng thi (ing sudt ngang tdi thiéu cd thé gidam 500 - 800 psi [2].
Déy chinh a co ché chti dao lam hep ctra s6 khoan & cac tang da b
khai thac lau nam.

2.3. Trudng ting sudt quanh giéng

Doi véi giéng khoan thang diing trong méi trudng dan héi
déng hudng, (ing sudt tiép tuyén tai thanh giéng dugc mo ta bai
nghiém Kirsch [6]:

0,=0,+0,-2(0,-0,)cos260 - P 3)

Trong do:

0,, 0,: Lan lugt |a tng sudt ngang I6n nhét va nhd nht;

0: Goc phuong vi trén thanh giéng;

P : Ap sudt cot dung dich.

Pha hiy cat thanh giéng dugc danh gia theo tiéu chuan Mohr-

Coulomb:

T,=C+ o’ x tan(q) @

vdi clalyc dinh két,  Ia gdc ma st trong, o' 1a ting sudt phap
hiéu dung.
Khikhoan xién hodc khoan ngang, trang thai ting suat 3D phtic

tap han va doi hoi m6 hinh dia ca hoc kép (coupled geomechanics)
dé du bdo chinh xac [2).

2.4. Ap sudt khéi nit va dnh huéng cia suy gidm dp sudt

Ap sudt khéi ndt thiy luc FIP tai thanh giéng dugc bi€u dién
béi phuang trinh sau [8]:

FIP =30, -0,-Pp + T, (5)

Vi Ty la cudng do kéo cla da.

Khi o, giam theo qua trinh khai thac, FIP ciing gidm tuong
ting, do dd vi it 6 thé dugc khdi tao & miic ECD thap hon nhiéu
50 vGi khi md con nguyén ap. Trén phuang dién van hanh trong

qué trinh khoan, cac thong s6 khoan can dugc kiém sodt thong
qua ECD:

ECD = MW + AP, /(0,052 xTVD)  (6)
Trong do:
MW: Ty trong dung dich tinh (ppg);
AP :Ton thét &p trén vanh xuyén (psi);
TVD: Chiéu sau thang ding thuc (ft).

Khi ctia s6 khoan thu hep xuéng dudi 1 ppg, moi bién dong
vé luu lugng bom, toc d khoan co hoc, tai mun khoan hodc dimg/
khi dong tuan hoan déu cd thé ddy ECD vugt khdi gii han an toan.

3. Co ché suy giam ap suat va cac thach thic khi khoan
qua via suy giam

3.1. Co ché'suy gidm dp sudt via

Suy giam ap suat via la hé qua tat yéu cla qua trinh khai thac
dau/khi, khi toc do khai thac luu chat vugt qua toc do ba ap tu
nhién. Miic d6 suy gidm phu thudc vao ché @6 nang lugng via, do
tham va mic do lién thdng clia tang chia. Theo Iy thuyét dan hoi -
X0p, su giam ap suat 10 rong lam tang tng sudt hiéu dung va dong
thoi lam gidm o,, dan dén gidm gradient niit vé theo phuong trinh
(2) [7]. Dac biét, tai cdc md tram tich kém chat sit (highly under-
compacted, HUC) 6 viing nudc sau, su suy giam nay c6 thé dan dén
clfa s6 khoan cuc hep.

3.2. Cdc thdch thirc ky thudt chinh

Mat tuan hoan dung dich: La rdi ro In nhat khi khoan qua
tang suy giam ap suat. Chénh léch ap suat giita day giéng va via ¢
thé khién dung dich that thodt vao hé thdng khe nit, kéo theo chi
phi vat tu cao va nquy ca kick [9].

Ket cdn do chénh ap: Ap sudt thdy tinh cao két hop véi I6p
v bun day trén bé mat via cat co do tham cao khién bo khoan cu
bi ép dinh chat vao thanh giéng. Day la mdt trong nhiing nquyén
nhén chinh lam gia tang thai gian phi san xuat.

Ballooning/wellbore breathing: Khi ECD dao ddong quanh gia
tri FIP, vi niit md - dong theo nhip tuan hoan, sinh ra hién tugng
giéng “thd”. Day vira la dau hiéu canh bao s6m vira la tién dé cla
mat dung dich khong kiém soat [4].

Sap |6'va bo hep 16 khoan: Khi cira s6 khoan qué hep, khong
thé dong thai ngan sap 16 (can ty trong dung dich tinh cao) va
tranh ndt v (can ty trong dung dich tinh thap), gdy bé hep 16 va
rii ro ket ca hoc.

3.3. Phdn loai via theo mufc d6 suy gidm dp sudt

Dé phuc vu cho viéc Iua chon chién lugc khoan dan day va vat
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Bding 1. Phdn logi via suy gidm dp sudt theo miic d va chién lugc khoan tuong ting

Mic d6 suy giam AP (psi) Giam gradient niit vo
Nhe < 1.000 0,5-1ppg
Trung binh 1.000 - 2.500 1-2ppg
Nghiém trong 2.500-4.000 2-3ppg
R4t nghiém trong > 4.000 >3ppg

liéu gia cd, cdc mdic suy gidm ap sudt via co thé dugc phan nhom
theo Bang 1, dua trén tong hop kinh nghiém van hanh tai vinh
Mexico, Bién Bac va bé Ciru Long.

4. Co ché gia cd thanh giéng

Vé ban chat, gia cd thanh giéng la tap hop cac co ché lam tang
ap sudt chiu dung ctia thanh giéng trudc khi khe nit khdi phat
hoac lan truyén. Theo tong hop tit cac nghién ctiu nén téng [3, 4,
10], ¢ 4 co ché chinh @ gia cd thanh giéng.

4.1. Co chélong iing sudt

Co ché long ing sudt do Alberty va McLean dé xuat, dua trén
viéc chll dong tao ra cac vi nit ngan ¢ thanh giéng, sau d6 st dung
cac hat LCM ¢4 dai phan b kich thudc duoc thiét ké chinh xdc dé
chén vao miéng vi nut [3]. Cac hat nay dong vai tro “ném”, ngdn
vinut khép lai khi ap suat gidm, lam gia tang cuc bd (ing sudt tiép
tuyén o8 quanh giéng va do d6 nang cao FIP biéu kién. Phuong
trinh can bang ap sudt tai vi tri cau hat (bridge):

ow = oh * Aobridge (7)

Trong d6, Ag, . la phan ting suét bo sung do niit chén tao ra.
Chiéu rong vi niit tai mép thanh giéng dugc xac dinh bang:

w=4(P -o0,)xR/E* 8)
Vi P 1a ap sudt ddy giéng, R la ban kinh giéng va E* = E/(1
-v?) 1a module Young hiéu dung. Cong thtic (8) cho phép thiét ké
kich thudc hat LCM bit kin pht hop véi vi nit du kién.
4.2. (o ché iing sudt déng khe nit

(o ché ing suat dong khe niit (fracture closure stress, FCS)
nhan manh viéc dua vat liéu vao sau bén trong khe niit, thay vi chi
tap trung tai viing miéng khe nit [10]. Khi ap suat trong khe nit
giam, khe n(tt ¢6 xu huéng dong lai, vat liéu bén trong khe niit tao
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Chién lugc khoan dé xuat
Ti uu ty trong va luu bién dung dich; st dung vat liéu chdng mat dung
dich du phong.
Ap dung vét liéu chéng mét dung dich theo phan bé kich thudc hat
(PSD) dé thiét lap ca ché long ting suat; ki€ém sodt ty trong tudn hoan
tuong duong.
(6ng nghé gia c6 thanh giéng ch ddng st dung phu gia FLC, hat nano,
MMH; két hap khoan kiém soét ap sudt; pill x& Iy trudc khi bom vao
tang via.
Tich hop dong bd cong nghé gia ¢ thanh giéng véi khoan kiém soat ap
sudt, két hop thiét ké 6ng chdng linh hoat; thuong xuyén kiém tra dp
suat via bang phuong phap LOT/FIT.

phan ap luc chdng lai su dong khe nit, lam tang ting suat dong
khe niit va do dd tang gradient niit né biéu kién cta thanh giéng.
FCS dac biét phu hop véi cac d6i da cd khe niit hé san hodc khe nit
da dugc tao ra trong cac chu ky khoan/ddng giéng trudc do.

4.3. Co ché khdng lan truyén khe niit

(o ché khang lan truyén khe nit (fracture propagation
resistance, FPR) dua trén viéc ngan truyén ap suat dung dich
khoan vao dau mdt khe nit thong qua hinh thanh mét nit chan
¢ d6 tham cuc thap & miéng khe nut [4]. Khi ap suat hiéu dung
tai ddu mat khe nit gidm, nang lugng dé ma rong khe nit ciing
giam, do do khang lan truyén niit né tang lén. Day la co ché ndi bét
clia cac phu gia hién dai nhu FLC gia co thanh giéng hay OptiSeal.

4.4. Tao mang chdn dé thdm thdp

Bén canh 3 ca ché trén, cac hé dung dich tién tién con hinh
thanh |6p mang chan c6 do tham rat thap 6 bé mat tiép xic dung
dich - da, hodc tao gel lién két hat dat trong mang 16 rong. Co ché
nay vira han ché xdm nhap ap suat vao mang niit vi mo, vira cai
thién on dinh héa hoc cta da sét hoat tinh [9]. Hinh 2 so sénh su
khac biét giita phuang phap gia 0 truyén thong bang vat liéu
chdng mat dung dich va cong nghé tao mang chan (IGp vo bun)
vi md hién dai [11].

Hinh 2a biéu thi co ch€ long (ing suat. Co ché nay dua trén viéc
st dung cac vat liéu chéng mét dung dich cd kich thudc hat I6n dé
chen vao miéng cac vi niit né hodc 10 rong I6n ca dat da. Cac hat
LCM dugr thiét ké vai phan bo kich thudc hat phit hop dé "bac cau”
va bit kin miéng cac khe nit ngay khi khe niit vira hinh thanh. Khi
cdc hat nay chén chdt vao miéng khe nut, chlng tao ra mét luc
ddy nguac lai, 1am gia tang ting sudt vong quanh thanh giéng. Tuy
nhién, co ché nay phu thudc nhiéu vao kich thudc hat va kich thuéc
khe niit. Néu kich thudc hat qua nh sé bi ddy sau vao via gay hu
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(b)
Hinh 2. So o khdi niém: (a) co ché long ting sudt - hat LCM chén miéng vi niit; (b) hat nano hinh thanh mang chdn dé thdm thdp tai viing cdn giéng [11].

hai via, néu kich thudc hat qua I6n sé khdng thé di vao miéng khe
nit d€ tao hiéu ng cheén.

Hinh 2b biéu thi co ché tao mang chan d tham thap dé gia
c0 thanh giéng. Déy la cong nghé tién tién st dung cac hat cé kich
thudc cuc nhé, bao gom ca hat nano (NPs) hodc cac phu gia siéu
min it xdm nhap. Nguyén Iy ctia co ché nay la thay vi chi bit kin cac
16 hdng I6n, cac hat siéu min nay két hop véi cac thanh phan rén
trong dung dich khoan d€ hinh thanh mét I6p khién (v0 bun) linh
hoat va lién tuc ngay tai mat ti€p xdc giita dung dich va da. Ldp
mang nay c6 do tham cuc thap, cd kha néng bit kin cac vi niit né
va 1o rong ¢ kich thudc rdi rac tir 1 um dén 3.000 pm dudi ap suat
chénh [éch cao.

Nhu vay, su khac biét I6n nhat la trong khi co ché (a) tap trung
vao viéc gia ¢ Iuc cd hoc bang cach chen cackhe niit 16n, thi co ché
(b) tap trung vao viéc tao ra mdt rao can thiy luc tuyét doi ngay tai
bé mat, ngan chan moi su xam nhap ngay tlr cap do vi mo.

5. C0'sé dung dich khoan va cac nhém phu gia gia cd
thanh giéng

Su thanh cng cla cong nghé gia o thanh giéng phu thudc
rat |én vao viéc lua chon loai dung dich nén va phu gia phi hap véi
¢0 ché n(it v chti dao, dong thai tdi uu hda déi phan bo kich thudc
hat theo ly thuyét Abrams va Vickers [12, 13]. Cac nhom vat liéu
chinh dugc trinh bay dudi day.

5.1. Vit liéu chéng mdt dung dich truyén thong

Vat liéu chong mat dung dich truyén thong (loss control
materials, LCM) bao gom v6 qua dc chd, sei mica, vo trdu, va cac
mau nhua bam nhé. Uu diém cda loai vat liéu nay la ré tién va dé
tim, song nhugc diém 13 khong dong nhat vé kich thudc va dé bi

ép vd dudi ap suat cao. Vat liéu chong mat dung dich truyén thong
phu hop véi via suy giam ap suat 6 muic nhe dén trung binh, duoc
phdi tron theo nguyén tac phan b kich thudc hat d€ bit cac khe
niit o dinh.

5.2. Vit liéu bién dang (deformable materials)

Bot xdp dan hoi két hop vdi bot tram bit nhanh cla mot s6
nha san xudt (vi du nhu Sharp-Rock Technologies) cho phép vdt
liéu tu co gian lap ddy cac hang hdc c6 hinh dang bat dinh, chiu
chénh dp Ién dén 12.000 psi. Day la gidi phap “one-size-fits-many”
ddc biét phu hop vdi cac tang carbonate niit né tu nhién.

5.3. Phu gia FLC wellbore shielding

Dong san pham FLC ctia Impact Fluid Solutions la thé hé phy
gia héa hoc chuyén biét tao “tam khién” bdo vé vi mo, hinh thanh
mang chan c6 do tham cuc thap tai bé mat giéng. Phu gia nay
phong tda cac vi niit né ¢d kich thudc tir 150 pm dén 3.000 pm,
hoat ddng trong ca dung dich g6c nudc, goc dau va gc tong hop.
Dac tinh ndi bat la mang chdn c6 thé dugc boc tach khi giéng dua
vao khai thac, do do khdng gdy ton hai via [5]. Bang 2 tom tat phé
phan bd kich thudc va (ing dung clia cac dong phu gia FLC.

5.4. Vat liéu nano

Hat nano CaC0; va iron hydroxide pha tron & nong do rat nho
(dudi 1%) vao dung dich khoan géc nudc hoac goc dau c6 thé giam
mat dung dich tir 80 - 90% [11] v6i ca ché bit Iap nhu trinh bay tai
Hinh 2b. Cac hat siéu nh nay lap day va han gan vi nit ngay lap
tiic, dong thoi tham thau vao viing lan can thanh giéng tao I6p gel
mang 6n dinh 1Gp sét hoat tinh. Hat nano dac biét hiéu qua véi cac
tang sét két, via ¢ tinh phan ting cao.
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Bding 2. Phdn logi va pham vi dp dung ciia dong phu gia FLC gia cd'thanh giéng

San pham Kich thudc khe niit bao vé Dac diém ky thuat ndi bat
FLC FINE <150 ym Hat min, t6i uu cho hé kiém soat chat ran; gidm chi phi bo tri.
ELC 2000 <250ym G|.al| ph.:ap gia c0 thanh giéng tiéu chuan; bao vé tot trong mdi trudng
chénh dp cao.
FLC SUPREME <500 m Pham vi trdm bit rong; khong yéu cau bo qua hé thong sang rung (shale
shakers).
FLC EXTREME 500 - 3.000 ym X Iy niit v [6n dudi chénh dp cao; bao vé toan dién hé thong giéng.

Bding 3. Thong sd'luu bién toi uu ctia bentonite va polymer

Théng sé Bentonite (g6c sodium) Polymer (cationic polyacrylamide)

Nong dd toi uu 8% 0,05%

D0 nhat biéu kién 56 gidy 58 gidy

Do pH 9,63 9,80

Ty trong dung dich 1,03 g/cc 1,01 g/cc

Bding 4. Su suy gidm stic khdng ma sdt bé mdt [14]
Trang thai mau Luc khang ma sat tong (kN) Ty lé suy giam (%)

Khéng str dung (dung dich co's6) 5.735 0,0

Polymer 0,05% 5.100 11

Bentonite 8% 4.391 23,4

5.5. Hydroxide kim loai hén hop (MMH)

MMH la mot chét phu gia duoc ting dung rdt pho bién trong
cong nghé gia cd thanh giéng khoan, ddc biét la trong nhom cac
giai phap can thiép bang tinh chat luu bién cla dung dich. MMH
la mdt hop chét v co dang tinh thé chia cac cation kim loai ¢6
hda tri khac nhau (thutng la magie va nhdm) tao nén cau tric
|6p mang dién tich duong co dinh trén bé mat. MMH khong hoat
dong theo co ché chén co hoc bang hat cling nhu cac chat chén
khe ndt truyén thong (nhu calcium carbonate hay graphite), ma
MMH la chét gia cd thanh giéng bang co ché hda hoc - luu bién,
tao ramot rao can thiy luc tuyét doi ngay tai bé mat tiép xtic dung
dich - da dé bao vé giéng khoan khai bi niit v. Thé hé phu gia
MMH thi ba da khac phuc han ché clia cac thé hé trudc lién quan
dén kha nang phan ting bat lgi vdi sét. Bang viéc diéu chinh thong
50 luu bién dac biét, MMH tu dong day |én tai khu vuc khe nit dé
can trd lan truyén, dong thai duy tri tinh déo trong qua trinh tuan
hoan dung dich. Viéc st dung MMH da gitip khoan thanh cdng cac
doan ngang dai hon 8.000 ft qua IGp mudi va sét két niit né tai bé
Permian [4].

5.6. Dung dich polymer va bentonite
Dai vdi cac giéng duong kinh Ién, bentonite tao I6p vo bun

day lam suy gidam manh stic khang ma sat bé mat. Polymer

74 | PETROVIETNAM | S0 1-2026

cationic polyacrylamide & nong do cuc thép lai tham thau vao 16
rong va tao mang gel lién két cac hat dat da, duy tri tinh toan ven
c0 hoc tot hon [14]. Cac két qua thuc nghiém so sanh dugc trinh
bay tai Bang 3 va 4.

Bentonite tao I6p vo bun day cach ly tuang tdc ca hoc, gay suy
gidm ma sat 23,4%; trong khi polymer chi lam gidm 11,1%, chiing
t0 hiéu nang vuot trgi trong ca tinh nang bao vé thanh giéng va
duy tri 0 bam dinh (Bang 4).

Két quéd tong hop va so sanh cac nhom vt liéu chong mat
dung dich va gia cd thanh giéng duoc trinh bay tai Bang 5.

6. Cac trudng hop nghién citu dién hinh trén thé gidi va tai
Viéet Nam

6.1. Mé Pompano, vinh Mexico

Tai giéng TB-03 tai mé Pompano, via M85 bi suy giam ap
suat tlr 12,65 ppg xudng con 7,7 ppg, trong khi tang sét két phi
trén van doi hoi ty trong dung dich khodng 13 ppg dé duy tri
6n dinh. Viéc giit nguyén ty trong 13 ppg gan nhu chic chan
dan dén xé nut via M85. Giai phap duoc ap dung la quan Iy chat
ché ECD & mic 12,6 ppg két hap vdi vat liéu chong mat dung
dich phai tron (Baracarb, SteelSeal), gilp giéng dugc thi cong
thanh cdng. Tai giéng TB-09, cra s6 khoan qua hep budc nha
diéu hanh phai dat liner 16" & do sau nong hon du kién nhdam
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Bding 5. So sdnh cdc nhom vit liéu chdng mdt dung dich va gia cd thanh giéng

Loai vat liéu C4u tric va dac tinh

Hat ran (granular) (CaC0s, vd qua hach, dolomite

Dang soi (fibrous) Sai cellulose, soi tong hap

Bot xdp hién dang dugc

Ca ché hoat dong chinh Mai truong ap dung
(o ché long ung suat, ldp day khe . . . .. .
it & dinh Via cat két, d6 xop cao

Khe niit I6n, méat dung dich
nghiém trong
Via carbonate nit né tu nhién,

Bridging, tao mang ludi dan xen

(deformable foam) Bot xop dan hoi Thich ting moi kich thudc 16 hong hang héc

s o N (o ché khang lan truyén khe niit, ~ Moi hé dung dich
FLC gia c6 thanh giéng Phu gia hda hoc chuyén biét mang chén d thim aic thip (WBM/OBM/SBM)
Hat nano Nano (aC0s, hydroxide sat E::ﬁnchﬂ vindt, giam do thai Sét két, via phan (ing cao
MMH thé hé 3 Hydroxide kim loai hén hap Luu E)len thlch (ing, chéng lan Bf)anﬂkhoan ngang dai, ddi mudi,

truyén khe nit sét két
Bding 6. Két qud thi diém va dinh hudng dp dung tai cdc md ddu khi Viét Nam
» s ; Muic suy giam e o Két qua dat dugc/

Mo Tang chira ap suat Giai phap ap dung kj vong

Bach H6 Miocene ha = 1.500 psi (aC0; nhiéu kich thudc (Iong ting sudt) Tan gaps uat khdl. nu’t~t h‘u yIC-+1.2 ppg;
giam mét dung dich r6 rang

SuTuDen Oligocene = 2.000 psi Dang sgi + LCM bién dang Gidm 85% thoi gian x( Iy ket can
Dai Hung Carbonate niitné | > 2.500 psi Hat nano + FLC gia cd thanh giéng On dinh thanh giéng; chicu sau dat chan dé

tang kha nang chiu ap (leak-off resistance) trudc khi khoan doan
tiép theo [1].

6.2. M6 ngodai khoi Qatar

M@t nha thau khoan ngoai khoi Qatar doi mat vdi cau tric via
carbonate dut gay manh va ap suat di thuong tir4 - 9,1 ppg, dan
dén rti ro ket can do chénh dp va moment xoan cao. Sau khi st
dung phu gia FLC 2000 vao hé dung dich, giéng da khoan thanh
cong doan than giéng dai 14.000 ft ma khong gap su ¢ ket can
nao, dong thoi giam thiéu dang k€ hién tuong mét dung dich.
(Cdng nghé nay cho phép loai bd 2 - 3% haa chat boi tron, tiét kiém
truc tiép 200.000 USD chi phi dung dich khoan [5].

6.3. B& Permian va Bién Bdc

Tai bé Permian (Mj), MMH thé hé 3 da h6 trg khoan thanh
cong cac doan ngang dai hon 8.000 ft qua IGp mudi va sét két nit
né manh, mt thach thic ma cac thé hé MMH trudc khong thé
gidi quyét do phan ting vdi sét. Tai Bién Bac, viéc két hop hat nano
(CaC0; véi polymer trong dung dich goc nudc da cho phép khoan
qua cac tang sét hoat tinh ma khdng phai bd sung cap 6ng chdng,
giam dén 40% thdi gian khoan doa thanh giéng so véi viéc st
dung hé dung dich ban dau [11].

ong chong tang thém ~400 m

6.4. Bai hoc riit ra va dp dung cho diéu kién Viét Nam

Bang 6 tém tat dinh huéng ap dung tai 3 mé trong diém
clia Viét Nam. Trong @6, mo hinh long (ing suat két hgp CaC0;
nhiéu kich thuéc da dugc trién khai thi diém tai Bach H - tang
Miocene ha, gitip tang ap suat khi niit thiy luc bi€u kién thém
khodng 1,2 ppg va loai bo su cd mat dung dich trong cac doan
khoan dan day.

7.Quytrinh thiét ké va ap dung céng nghé gia cd thanh giéng

Trén o s6 tong hop cac gidi phap da dp dung va cac bai hoc
tir truong hop nghién ciru dién hinh, bai bao dé xuét quy trinh
thiét ké 7 budc (Hinh 3) cho cac giéng khoan qua via suy giam
ap suat.

Budc 1: Danh gia dia chat va ap sudt via: Thu thép dit liéu P,
0, 0, 0, tir log sonic - density, dit liéu LOT/FIT lich st, minifrac va
di liéu suy giam ap suat theo thoi gian. Xac dinh phan bd khdng
dong nhat theo ldp.

Budc 2: Tinh toan clfa s6 khoan va nhan dién vung rdi ro: St
dung céc phuong trinh (1) - (6) va mé hinh dia co hoc dé xéc dinh
MW - ECD theo chiéu sau; khoanh viing cac chiéu sau nhay cam.

Budic 3: Lua chon co ché gia ¢6: Quyét dinh wu tién long ting
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sudt, FCS hay FPR (hodc to hop) dua trén co ché niit né chi dao va
ddc tinh da.

Budc 4 : Thiét ké hé dung dich va PSD cta LCM/WBS: Phoi tron
hat tho - trung - min theo nquyén tac Abrams va Vickers [12, 13];
chon phu gia FLC/nano/MMH theo Bang 5.

Budc 5: Thit nghiém trong phong thi nghiém: Kiém tra hiéu
qud gia cd trén mo hinh; udc tinh AFG, . du kién va phan tich do
nhay clao,.

Budic 6: Ap dung va gidm sat tai hién trudng: Bom chat phu
gia x{ ly truc khi khoan vao via suy giam ap suat; giam sat miic
do mat dung dich, ECD, SPP, thé tich bé dung dich, ballooning,
moment xodn va luc kéo - tha can (torque-drag) va caliper.

Budc 7: Danh gia sau khoan va cap nhat co s¢ dif liéu: Thuc
hién LOT/FIT @€ xac nhan AFG,,, thuc t€; cap nhat co s& dif liéu dia
0 hoc va vét liéu cho cac giéng ké tiép.

Danh gid dia chat va dp sudt via

Tinh todn cira s6 khoan va nhan dién viing rdi ro

Lua chon ca ché gia 6

v Thiét ké hé dung dich va PSD cia LCM/WBS
Budc 4

Thir nghiém trong phong thi nghiém

Ap dung va gidm sat tai hién truon
Budc 6 paungvag o 9

Ddnh gid sau khoan va cap nhat ¢g s dif liéu

€E€EEEELL

Hinh 3. Quy trinh dé xudt 7 budc thiét ké va trién khai céng nghé gia &
thanh giéng cho cdc via suy gidm dp sudt.

Bding 7. Khung lua chon gidi phdp theo co ché hu héng chii dao

Diéu kién/van dé chinh Co ché uu tién
Via cat két suy giam ap suat, G
mit dung dich som Bit kin vi niit/16 rong, tang FIP

s ) Giam truyén ap va ngan lan
Vi niit tai tang sét, ballooning yenapvang

truyén n(t

Ket cin do chénh 4p G’|am,xafn nhap va cdi thién
[6p vo bun

((ra s6 ap sudt cuc hep Tich hgp dia co hoc - thay luc
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Mang chan it tham, hat nano/siéu
min; kiém soat ECD
Polymer + chat bi tron + WBS

Mot chi tiéu dinh lugng hitu ich dé danh gia hiéu qué gia c6 la
dd tang gradient ndt hiéu dung:

AFGWBS = FGeff - FGbase (9)
Trong do:
FG Gradient nuit v6 sau khi hinh thanh ldp che chan;

FG, : Gradient nit v co 56 khi chua co WBS;

AFG, ,: Thubng dat 0,8 - 1,5 ppg tai cdcmd dp dung thanh cong.

Bang 7 dé xuat khung lua chon gidi phap theo ca ché niit v&
chti dao, phuc vu cho viéc thiét ké nhanh chuong trinh gia ¢6 thanh
giéng tai hién truong.

Dai véi cacma & Viét Nam, dac biét tai bé Ciu Long (Bach HG,
Su Tkt Den, Rang Dong) va bé Nam Con Son (Dai Hung, Lan Tay),
hién tuong suy giam ap sudt via sau nhiéu thap ky khai thac da ¢
miic nghiém trong. Viéc khoan dan day d€ tan thu sén lugng gap
kho khan I6n do chénh léch ap suat gitia cac I6p dat da ké nhau.
Viéc ap dung cong nghé gia ¢ thanh giéng - dac biét la két hgp
hat nano, FLC gia cd thanh giéng va cac phu gia vét liéu chong mat
dung dich truyén thong dugc thiét ké véi dai phan bo kich thudc
hat chuan - Ia huéng di cap thiét d€ duy tri san luong va kéo dai
tudi tho kinh t€ clia céc md truéng thanh.

Dang chd ¥, cong nghé gia co thanh giéng hoan toan tueng
thich va mang tinh b trg cho cong nghé khoan kiém soat ap
sudt. Trong khi cdng nghé khoan kiém soat ap suat dong thiy
tinh thong qua thiét bi bé mét (thiét bi kiém soat xoay, cum van
tiét uu), cong nghé gia 0 thanh giéng lai ndng cao nang luc chiu
ap ctia chinh ban than thanh giéng. Su két hop dong thai 2 cong
nghé md rong t6i da ctia s0 khoan tai cac khu vuc nhay cam, cho
phép t0i uu héa cau tric giéng, giam s6 cap ong chong trung gian
va dua dugc ong chong khai thac c6 dudng kinh Ién hon vao via
san pham.

DE trién khai bén vitng, can xdy dung dong bé 3 nhom nang
luc: (i) co s6 dif liéu dia co hoc chi tiét cho ting md, dac biét la lich

Giai phap dung dich - vat liéu Chi tiéu theo doi
Phoi tron vat liéu bridging + WBS + M 6 mat dung dich, ECD, SPP,
pill x Iy trudc khi vao tang thé tich bé dung dich

Luu lugng hoi khi tat bom,
cavings, caliper
Moment xodn va lyc kéo/tha can,

tuong thich xu hudng ket can do chénh ap
WBS két hop MPD va kiém soat ECD MW, ECD, LOT/FIT, céc sut kién/su
chdt ché ¢0 trong qua trinh khoan
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st suy giam ap suat va dit liéu LOT/FIT; (ii) nang luc th{ nghiém
vat liéu gia ¢ thanh giéng trong nudc (tht nghiém bit kin do
tham, bit kin khe niit, kha nang phuc hoi do tham) tueng thich véi
diéu kién via Viét Nam; (iii) quy chudn ky thuat va quy trinh gidam
sat thai gian thuc.

8. Két luan va kién nghi

- Suy gidm ap sudt via lam thu hep ctra s6 khoan chi yéu
thdng qua co ché gidm ting sudt ngang t6i thi€u va gradient nit
vG, do dd lam tang dang ké nquy co mét dung dich, ket can va mat
6n dinh thanh giéng tai cic mé trugng thanh,

- Gia c0 thanh giéng la gidi phap cd co s& dia co hoc viing
chdc, duatrén 4 o ché chinh: [6ng (ing suat, ing suat dong khe ndit,
khang lan truyén khe ndt va hinh thanh mang chan do tham thap.

- K&t qua thuc nghiém va nghién ciiu trudng hop dién hinh
chting minh dung dich polymer 0,05% duy tri tot hon stic khang
ma sdt giao dién so vdi bentonite 8% (11,1% so véi 23,4%); cac
hé chét phu gia gia c6 thanh giéng hién dai c6 thé bit kin khe nit
1-3.000 pm va mang lai hiéu qua cao.

- Baibao dé xuat bang phan loai via 4 cap (nhe - trung binh
- nghiém trong - rdt nghiém trong), quy trinh thiét ké 7 budc va
khung lua chon gidi phap theo co ché niit v chii dao, 6 thé ap
dung truc tiép cho cdc mé Bach Ho, Su Tir Den, Dai Hung va cic
giéng dan day trong tuong lai.

- HuGng nghién ctiu tiép theo nén tap trung vao mod hinh
ghép thay luc - co hoc - héa ho, tiéu chuan héa cac thir nghiém
danh gia vat liéu gia co0 thanh giéng, va xdy dung co s6 dif liéu
thuc dia cho cdc mé dau khi Viét Nam, nham chuyén ddi tir céch
tiép can phan (ing thu dong sang cach tiép can chl dong trong thi
cong giéng khoan qua cac via suy giam ap suat.
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WELLBORE STRENGTHENING FOR DRILLING THROUGH DEPLETED
RESERVOIRS IN OFFSHORE VIETNAM OIL FIELDS

Le Vu Quan, Dinh Duc Huy, Vu Manh Hao, Nguyen Van Do
Vietnam Petroleum Institute (VP1), Ha Noi, 11312, Vietnam

KEY WORDS ABSTRACT
Wellbore Long-term hydrocarbon production significantly reduces reservoir pressure, which in turn lowers the
strengthening/ minimum horizontal stress and fracture gradient, narrows the drilling window, and increases the risks of

shielding, depleted
reservoirs, wellbore
geomechanics, stress
cage, drilling fluids,
nanoparticles, lost
circulation.

lost circulation, stuck pipe and wellbore collapse.

This paper reviews and analyses the geomechanical fundamentals, drilling fluid technology and additive
systems used for wellbore strengthening (WBS), covering the stress cage, fracture closure stress (FCS)
and fracture propagation resistance (FPR) models. The material systems, including conventional lost
circulation materials (LCM), deformable foam, nanoparticles, mixed metal hydroxide (MMH) and fluid
loss control (FLC) additives, are analysed in terms of their action mechanism and application range.

Experimental results demonstrate that a 0.05% polymer system maintains surface friction resistance
better than an 8% bentonite drilling fluid, with reductions of 11.1% and 23.4%, respectively. Based
on these findings, the study proposes a depletion-based reservoir classification, a seven-step wellbore
strengthening design workflow and a framework for selecting wellbore strengthening materials,
applicable to the Bach Ho, SuTu Den and Dai Hung fields on the Vietnamese continental shelf.
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