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Su cb ket 1a nguyén nhéan chinh giy thoi gian phi san xuét trong cic giéng khoan dinh hudng va giéng
ngang do luc ma sat 16n giira cot can khoan va thanh giéng. Cac phwong phap xir Iy truyén théng nhu kéo
thang (overpull) hodc tao va dép thuy luc (hydraulic jarring) thuong c6 hiéu qua han ché do suy hao ning
lwong doc c6t can khoan. Nghién ciru nay danh gia hi¢u qua cua c6ng nghé dao dong thiy luc Downhole
Vibration - RatPACK™ trong xur 1y sur c0 ket tai cac gleng ¢6 d6 nghiéng 16n thong qua phan tich Iy thuyét,

mo hinh dong Iuc hoc va dit liéu hién truong. Co ché giam ma sat ciia RatPACK™ duoc phén tich dua trén
dao dong doc truc va sy suy giam lyc phap tuyén hiéu dung gitra cot can khoan va thanh giéng. Két qua
cho thay dao dong doc truc gitp chuyen trang thai ma sat tir ma sat tinh sang ma sat dong, qua d6 lam giam
déang ké lyc ma sat trung binh va cai thién kha nang truyen tai tai trong trong giéng nghiéng. Trong trudng
hop nghién ctru dién hinh, tai kéo can thiét dé giai phong ng khai thac/packer giam tr khoang 175.000 Ibf
(~778 kN) xudng con khoang 22.000 Ibf (<98 kN), twong tmg muc giam gan 87%; thoi gian xu 1y su b
giam xuong khoang 8 phat sau khi kich hoat cong cu. Hiéu qua van hanh t6i uru dat dugc trong dai tan dao
dong 12-18 Hz. Két qua nghién ctru cho thiy RatPACK™ la giai phap hiéu qua cho cac su ¢0 ket do ma
sat trong giéng dinh huéng va gleng ngang, gop phan giam thoi gian phi san xuat va nang cao hiéu qua
cong tac cuu ket va stra chira giéng.

Tir khéa: Ket thiét bi, Dao dong doc truc, RatPACK™, Giéng khoan dinh hudng, Cong tac ctu ket.

1. Pt van dé

Su ¢6 ket 1a mot trong nhimg nguyén nhan chinh lam gia ting chi phi va rui ro trong hoat dong khoan
dau khi. Theo Aadnoy va Cooper (2010), chi phi xir Iy su cb ket co thé chiém 01 15-25% tong chi phi
khoan. Van dé nay tro nén nghiém trong hon trong cac giéng c6 do léch 1on va giéng ngang, noi lyc ma sat
giita cot can khoan va thanh giéng ting déng ké do thanh phan Iyc phép tuyén gia ting theo goc nghiéng
(Mitchell va Miska, 2011).

Trong cac diéu kién ndy, hiéu qua truyen tai lyc tir bé mat xudng day giéng bi suy giam 5 rét, lam cho
cac phuong phap truyen thdng nhu kéo thang (overpull) va tao va dap thuy lyc (hydraulic jarring) tré nén
kém hiéu qua va tiém 4n nguy co hu hong thlet bi. Ngoai ra, sy tich tu cia mun khoan va manh vun co hoc
con 1am gia ting kha nang hinh thanh cac ciu vt liéu, din dén ket co hoc (Zhang va nnk. ,2021).

‘Theo Aadnoy va Cooper, ket 1a mot trong nhiing nguyén nhan chinh gdy thoi gian phi san xudt trong cac
gleng khoan dinh huéng. Céc bdo cdo hién truong gan day cua American Oil and Gas Reporter (2023) cho
thdy cong ngh¢ ciru ket nguyén ly rung c6 xu hudng duge ap dung ngay cang nhiéu trong céc giéng khoan
vuon xa tai Bic My (Aadnoy va Cooper, 2010).

Cac nghién ctru dong lyc hoc ¢t can khoan cho thdy dao dong doc truc ¢6 thé 1am giam lyc ma sat higu
dung va cai thién kha ning truyén nang luong trong hé thong (Ghasemloonia va nnk., 2014). Dong thoi,
dao dong con c¢6 kha ning pha v cdu triic vat liéu tich tu trong giéng, gbp phan giam luc can co hoc
(Saadeldin va nnk., 2023). Trén co s& do, cong nghé Downhole Vibration dugc phat trién nhu mot giai
phap thay thé hiéu qué cho cac phuong phap truyén théng.

2. Téng quan cdng nghé Downhole Vibration - RatPACK™
2.1. Co sé phit trién cong nghé Downhole Vibration - RatPACK™
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Trong céc gleng khoan c6 d¢ 1éch 1on va giéng ngang, luc ma sat glua cot can khoan va thanh gleng tang
manh do thanh phan luc phép tuyen ty 1€ v6i goc nghiéng, lam suy giam dang ké hiéu qua truyén tai tai
trong va nang luong tir bé mit xuong day giéng (Mitchell va Miska, 2011). Trong diéu kién nay, cac phuong
phéap xir 1y truyén thong nhu kéo thang (overpull) hodc tao va dap thuy Iyc (hydraulic jarring) thuong khong
dat hi¢u qua do ton thit nang luong doc theo cot can khoan va nguy co lam gia tang trang thai ket co hoc.

Cac nghién ctru vé dong lyc hoc cot can khoan da chira rang dao dong doc truc 6 thé lam giam lyc ma
sat hi¢u dung thong qua viéc pha v trang thai tiép xtic lién tuc gilta cac bé mit, tir d6 cai thién kha ning
truyen nang luong trong hé thong (Ghasemloonia vannk., 2014). Dong thoi, dao dong con ¢ kha nang lam
suy yéu cau tric ciia cac vat lidu tich ty trong giéng nhu mun khoan, cn va manh vun co hoc, gép phan
giam lyc can co hoc (Saadeldin va nnk., 2023). Trén co s¢ do, cong ngh¢ Downhole Vibration da duoc phat
trién nhur mot giai phap ky thuét nham khai thac cac hiéu img dao dong dé hd tro xir Iy sy co ket thiét bi.

‘Trong cac giéng khoan c¢6 d6 1éch 16n va giéng ngang, sy gia tang lyc ma sat gitra cot can khoan va thanh
giéng dan dén suy giam higu qua truyén tai tai trong va nang luong tir bé mit xubng day giéng. Pay 1a
nguyén nhan chinh lam gia ting nguy co ket can, dic biét trong cac diéu kién c6 min khoan, manh vun co
hoc va can tich ty (Mitchell va Miska, 2011; Zhang va nnk., 2021).

Theo théng ké cua SPE va cdc bao cao ky thudt hién truong, ket can chiém khoang 20-25% tong thoi
gian phi san xuat (NPT) trong hoat dong khoan dinh hu6ng va khoan vuon xa (Aadnoy va Cooper, 2010).
Trong nhleu truong hop, cac phuong phap truyén thong nhu kéo thing hodc va dap thuy luc/co hoc khong
thé truyén du ning luong dén diém ket do suy hao nang lugng doc cot can khoan. Bang 1 thé hién mot sb
cong nghé xur Iy sur co ket va dac diém, tmg dung.

Pé danh gia hiéu qua cua cong ngh¢ dao dong doc truc trong diéu kién thyc té, bai bao sir dung dir liéu
hién trudng duogc tong hop tir cong tac ctru ket va sira chira giéng sir dung RatPACK™ ctia Baker Hughes
(1999), két hop véi cac bao cio ky thuat trong giéng nghiéng tai Bic My va Trung Qudc.

Bang 1. Phdn logi mét s6 cong nghé trong xir Iy sw c6 ket khi khoan giéng.
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2.2. Nguyén ly hoat dong

RatPACK™ la cong cu dao dong doc tryc hoat dong dya trén nang luong thuy lyc cua dong dung dich.
Khi dung dich duoc bom qua cong cu v6i luu lugng xac dinh, su bién thién tuan hoan ciia ap suét trong
buong cong cy kich hoat co cau van, tao ra cac xung dao dong lién tuc véi tan sb thap, thuong trong khoang
12-18 Hz (Baker Hughes, 1999).

V& mit co hoc, chuyén dong dao dong ciia cong cu c6 thé duoc mo ta bang phuong trinh dao dong diéu hoa:

x(t) = Asin(ot) (1)

Trong d6: bién do A va tan sd goc o phu thude vao diéu kién thuy luc va dic tinh thiét ké ciia cong cu.

Dao dong niy tao ra gia toc bién thién theo thoi gian, din dén lyc quan tinh tac dong 1én cot can khoan,
lam giam luc phap tuyén hiéu dung giita cot can khoan va thanh giéng. Két qua 1a luc ma sat trung binh
trong hé giam dang ké, dic biét trong cac giéng nghiéng (Mitchell va Miska, 2011).

Khac véi co ché xung luc gian doan cua va dap, dao dong lién tuc ctia RatPACK™ gitp duy tri trang
thai truot vi mo tai bé mat tiép xuc, tor d6 giam hé s6 ma sat hi€u dyng va han ché hién tugng ket chat hon
(Zhang va nnk., 2021).

Hinh 1 mmh hoa co ché tao dao dong cua cong cy, trong d6 dong dung dich dong vai tro cung cap nang
luong dé tao dao dong doc truc, truyén truc tiép den vi tri thiét bi bi ket. Viéc b tri cong cu gén diém ket
gitip giam ton that nang lugng do ma sat doc cot can khoan va nang cao hiéu qua truyén dao dong.

SYSTEM COMPONENTS OPERATING PRINCIPLE AXIAL VIBRATION GENERATION
1. Fluid is pumped through the tool.
e 18 pu ped 9" Vibration
Top Drive 2. The flow induces a cyclical pressure drop across Output
P the internal valve.
3. The pressure differential causes the piston to
i oscillate.
Drill Pipe 4. The piston movement generates axial
vibrations transmitted to the drillstring.
5. Vibrations help reduce friction and assist in
Shock Sub freeing stuck pipe.
RatPACK™ H%ZZ?; T
Vibrating Flow 9
Tool Direction Flow
Area
Shock Sub Valve
Assembly
Drill Pipe
P Piston ¥ . s
Fluid pressure lifts Flow restriction Time
the piston upward, causes pressure
Stuck Lower allowing flow drop; piston
Object Housing through the tool. moves downward.
This cycle repeats
rapidly.
TYPICAL RATPACK™ SPECIFICATIONS (Baker Hughes, 1999)
_ Parameter Typical Value
Operatlng Flow Rate 1-3bpm KEY BENEFITS
Vibration Fi 12 - 18 H.
Lt “.m ponoency 2 + Reduces friction and frees stuck pipe.
Opsrating Pressure 1000 = 1500ips] Continuous axial vibration (not impact).
Max Pulling Load ~425,000 Ibf g gl
e e « Effective in deviated and horizontal wells,
Max Torque ~18 000 ft-Ibf
« Improves success rate and reduces NPT.
_Tool Outer Diameter e 2875in-3750in =
Tool Length “ ~30-36in
Ci ion Threads NC38, NC40, NC46, NC50
Source: Baker Hughes (1999) - *Fishing Services Seminar: Downhole Vibration Tools".

Hinh 1. Nguyén Iy cdu tao va hoat dong ciia RatPACK™.

Hiéu qué cua cong nghé RatPACK™ dugc hinh thanh tir sy két hop cta nhiéu co ché vat 1y:

Thir nhat, dao dong doc truc lam giam ma sat thong qua viéc chuyén trang thai tiép xuac tir ma sat tinh
sang ma sat dong. Theo cac nghién ctru vé dong luc hoc tiép xuc, dao dong co6 thé 1am giam dang ké luc
ma sat trung binh do giam thoi gian tlep xuc hi¢u dung gilta cac bé mit (Ghasemloonia va nnk. ,2014).

Thit hai, dao dong gy ra su tai sip xép cau tric ciia cac hat vat liéu trong moi trudng xung quanh thiét bi.
Hién tuong nay dic biét quan trong trong céc truong hop ket do cat hoic manh vun co hoc, khi dao dong co thé
lam giam do6 bén lién két ciia khéi vat liéu va tao diéu kién cho thiét bi di chuyén (Saadeldin va nnk., 2023).

Thik ba, dao dong cai thién hiéu qua truyén ning lugng trong c6t can khoan. Trong khi cac phuong phép nhur
va dap truyén ning lugng dudi dang xung lyc gian doan va dé bi suy hao, RatPACK™ cung cp ning lugng lién
tuc, gitip duy tri trang thai kich thich tai diém ket va nang cao hiéu qua phé ket (Zhang va nnk., 2021).

C6 thé thiy, so v6i cac cong cu co khi truyén théng, RatPACK™ c6 uu thé rd rét vé: kha ning truyén
dao dong xa trong cot can khoan; giam nguy co hu hong do xung luc; hiéu qué cao trong giéng khoan viron xa.

Ngoai ra, dao dong lién tuc con gitp han ché hién tugong ket-trugt va cai thién hiéu qua truyén tai tai
trong xubng day giéng (Ghasemloonia va nnk., 2014).
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Tuy nhién, hi¢u qua cia RatPACK™ phuy thudc déng ké vao diéu kién thiy lyc va vi tri bd tri cong cu
trong bg khoan cy day. Trong cdc truong hop ket cimg do xi méng hodc 6ng chong bop méo, dao dong don
thuan co thé khong du dé giai phong thiét bi, khi d6 can két hgp vdi bua thuy luc hodc cac giai phap ciru

ket khac (Zhang va nnk., 2021).
2.3. M6 hinh tinh todn va phén tich

Luc ma sat cua cot can khoan khi kéo trong giéng nghiéng duogc biéu dién:

Fr = uWsin 6
Khi c6 dao dong:

F(t) = u[N — mAw? sin(wt)]

Gia tri trung binh:
Favg = uN(1 - a)

- mAw?
Véia =
60,000
s = . « Tan s6 dao dong: 15 Hz
Luc ma sét tinh (khéng dao dong) + Bién do dao dbng: A
OO e e R e S Sl e s e e T « Luc phép tuyén: N
Gia trj cuc dai * Hé s6 ma sat: u
40,000 - Fy(t) = u[N = mAw*sin(wt)]
<
2
w
4 30,000 A
"
©
£
o
320,000 -
10,000 F ==Y === frrme et e s m e e et e e s e o
Gid trj cyc tiéu Luc ma sat trung binh khi c6 dao dong
(gan béng 0)
0 T T > r
0.0 0.2 0.4 0.6 0.8

Thai gian t (s)

1.0

Hinh 2. Bién thién ma sdt theo thoi gian khi c6 dao dong doc truc (Ghasemloonia va nnk., 2014).

100 ,‘
| I | —e— Hiéu qua giam ma sét ()
) --- Bién gidi vung téi uu
|
80 i |
] i
$ I y S P |
e Hiéu qua thap i Viing hiéu qua téi uu i
P = 3 y = | .
& ‘;‘ 60 (< 40%) ' (12-18Hz) ! Hiéu qua giam dan
g P 1 : (> 18 Hz)
s 2 ! :
E 3 I
£ f_;:’ i i
-© | |
=3 "|~ 40 ] :
e \ |
g. ~ Diéu kién tinh toén | 4
8 L « Bién d6 dao dong (A): 0,5in ‘ } Favg
@ £ % £ darts | =(1- ——) % 100 (%)
T 20 Ll{C ehép tlfyef\ (N): 100 kN [ i n ( Fo ) (%)
* Hé s6 ma sat tinh .(“)‘ 0,30 ‘ ! Trong dé:
p S Lm"‘ lugng dL.mg d!Ch:_? bpme ! Fo : lyc ma sat khi khéng dao déng
* Loai giéng: giéng nghiéng 60 ) 1 { Fayg: lyc ma sét trung binh khi c6 dao dong
] i
0 T T T T T
2 5 10 15 18 20 25 30

Tan s6 dao déng, f (Hz)

Hinh 3. Anh huéng ciia tan sé dao déng dén hiéu qua giam ma st (Baker Hughes INTEQ, 1999).

2)
3)
(4)

Trong truong hop khong c6 dao dong, tai kéo ting manh theo goc nghiéng; khi c6 RatPACK™, do dée
cua duong cong giam dang ké. Chinh sy két hop cua nhiéu co ché vat 1y s€ lam tang hi€u qua hoat dong

cuu ket cua RatPACK™, cu thé:
(1) Giam liec phap tuyén hiéu dung

Trong giéng nghiéng, luc ma sat dugc biéu dién:
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Fy = uN (5)

Véi N = Wsiné
Dao ddng doc truc tao ra lyc quan tinh (F):

F; = mAw?sin (wt) (6)
Luc nay lam giam lyc phéap tuyén hiéu dung (Ner) theo thoi gian:

Nep =N —F; (7
Do do:

Fr(t) = u(N - Fy) (3)

Tai mot s6 thoi diém trong chu ky dao dong F; ~ N. Khi lyc ma sat giam gan bang 0, tao diéu kién cho
dng khai thac dich chuyén.

(2) Chuyén tir ma sat tinh sang ma sdt déng

Theo Ghasemloonia va nnk. (2014), dao dong lién tuc ¢6 thé pha v& trang thai ket-trugt va chuyén tiép
xUc sang trang thai truot vi mo. Khi do:

Ha < Us (€))

‘Trong do: pig - hé sb ma sat tinh; u, - hé s ma sat dong; N - luc phap tuyén giita cot can khoan va thanh
gleng, w - Téi trong cot can khoan; 6 - goc nghiéng cua giéng; m - Khéi luong hiéu dung.

Diéu nay lam L giam dang ké luc kéo can thiét dé giai phong thiét bi.

(3) Pha vo cu triic manh vun co hoc va can

Céc nghién ctru vé van chuyén két hop rung dong cho thay dao dong co thé gay tai sip xép cu truc hat
va lam giam d6 bén lién két ciia manh vun co hoc/cdn trong méi trudng giéi han (Saadeldin va nnk., 2023).

Trong nghién clru nay, sy hién dién ctia manh vyn co hoc/can dugc xem la nguyén nhan lam tang trang
thai ket co hoc. Dao dong lién tuc da gop phﬁn pha vo cAu trac vat liéu xung quanh packer, tao diéu kién
cho thiét bi di chuyén.

Céac nghién ctru vé dong luc hoc cho théy hé s6 a c6 thé dat gia tri cao trong diéu kién dao dong tdi wu,
dan dén giam dang ké lyc ma sat trung binh (Ghasemloonia va nnk., 2014). Diéu nay phu hop véi dit liéu
thuc nghiém, trong d6 muc gidm luc kéo dat t6i 80-90%.

3. Két qua thyec hién tai giéng X
3.1. Pic diém ciia giéng

Dir liéu giéng duoc tong hop va hiéu chinh tir cac bdo céo ky thuat hién truong cia Baker Hughes
INTEQ, Offshore Magazine va AORG lién quan dén cic cong tac ctru ket va thu hdi thiét bi trong qué trinh
hoan thién giéng khi giéng dinh huéng c6 d¢ nghiéng 16n tai Bic My. Mot s théng sb van hanh dugc
chuén hoa va ma hoa nham dam bao tinh bao mat dit liéu hién trudng, tuy nhién van bao toan dic trung ky
thuat va xu hudng van hanh thyc té ctia qua trinh ctru ket (Baker Hughes INTEQ;1999, Offshore Magazine,
2000; American Oil and Gas Reporter, 2023),

Giéng X 1a giéng dinh huéng c6 d6 nghiéng 16n, xay ra sy cd ket dng khai thac va packer trong qua trinh
thu hoi thiét bi hoan thién giéng. Giai doan xir Iy ban dau, tai kéo bé mit duoc ting dan dén khoang 175.000
Ibf (~778 kN), tuy nhién thiét bi van khong dich chuyén. Tiép theo, sir dung bua thuy Iyc nhung khong tao
duoc hiéu qua giai phong 0 rét.

Céc dau hiéu hién trudng cho thdy ning lugng va dap bi suy hao manh doc chudi dng khai thac do ma
sat 16n tai cac doan ting goc nghiéng va 6n dinh goc nghiéng. Ngoai ra, su hién dién cua cin va manh vun
co hoc dugc xac dinh 1a nguyén nhan lam gia tang lyc cén co hoc tai vi tri packer. Bang 2 trinh bay tinh
trang cua giéng khi xay ra ket.

Bang 2. Piéu kién giéng va thong sé vin hanh ciru ket ban dau.

Théng s6 Gia tri
Loai giéng Giéng khoan dinh hudng
Do sdu TVD (True Vertical Depth) ~3.200 m
Do sdu MD (Measured Depth) ~4.850 m
Goc nghiéng cuc dai 68°
Loai su c6 Ket dng/packer
Mai trudng giéng C6 manh vun co hoc va cén
Dung dich Géc nude mubi
Phuong phép ban dau Kéo thing két hop sir dung ba thuy luc
Két qua ban dau Khéng thanh cong
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3.2. Trién khai cong nghé RatPACK™

Sau khi cac phuong phép truyén thong khong dat hiéu qua, cong cu RatPACK™ dugc b tri gan vi tri
du kién xay ra ket nham giam ton that nang lugng truyén doc ¢t can khoan. Khi hé théng dat diéu kién
dao dong 6n dinh, tai kéo bé mat giam dang ké va xuét hién cac dao dong tai tudn hoan trén moc treo. Pay
14 ddu hiéu cho théiy dao dong da duogc truyén hi€u qua dén vi tri ket.

Sau khoang 8 phut van hanh, thiét bi bat ddu dich chuyén véi tai kéo khoang 22.000 Ibf (~98 kN), thip
hon gan 87% so véi tai kéo trude d6. Bang 3 trinh bay thong sé van hanh RatPACK ™.

Bdng 3. Théng s6 vin hanh RatPACK™ (Baker Hughes INTEQ, 1999).

Théng s Gia tri
Luu lugng bom 1.8 bpm
Ap suit van hanh ~1.250 psi
Tan s6 dao dong ~15Hz
Thoi gian kich hoat ~8 phut
Bién d6 dao dong Nho - trung binh
Loai dao dong Axial vibration

Hinh 4 thé hién hiéu qua ap dung khi ctru ket. Két qua cho thdy RatPACK™ lam giam khoang 87% tai
kéo can thiét va rat ngan dang ké thoi gian xir Iy sy ¢d.
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S
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Goc nghiéng giéng, 6 (d6)

Hinh 4. Két qua giam lyc kéo khi ciru ket tai giéng X.

4. Thao luin

Két qua phan tich 1y thuyét va dtr liu hién truong cho thay cong nghé dao dong doc truc RatPACK™
¢6 hiéu qua r3 rét trong xtur 1y sy ¢b ket thiét bj tai cac giéng co d6 nghiéng 16n. Két qua cho thiy co ché
giam ma sat cia RatPACK™ chu yéu lién quan dén sy suy giam lyc phéap tuyén hiéu dung va qua trinh
chuyén dbi tir ma sat tinh sang ma sat dong dudi tac dong cua dao dong doc truc.

Trong céac giéng khoan dinh huong va giéng ngang, luc 'ma sat gilra cot can khoan va thanh giéng ting
nhanh theo goc nghiéng do thanh phan tai trong phap tuyen ty 1€ v6i W.sind (Mitchell va Miska, 2011).
Khi chiéu dai tiép xuc tang, nang lugng truyén tir bé mat xudng day giéng bi suy hao dang ke, J1am cho cac
phuong phap truyen thong nhu kéo thang hodc va déap thuy luc khong dat hi¢u qua mong mudn. Dleu nay
phti hop véi két qua thuc té trong nghién ctru nay, khi tai kéo téi khoang 175.000 Ibf (~778 kN) van khong
tao duoc dich chuyén dang ké cua thiét bi.

Két qua phan tich cho thy tai mot sé thoi diém trong chu ky dao dong, lyc quan tinh c6 thé dat gid tri
gan bang lyc phap tuyen tao ra trang thai “ma sat cuc thap”. Pay 1a co ché quan trong gitp giai phong thiét
bi trong diéu kién giéng nghiéng c6 ma sat 16n.

Ngoai co ché giam ma sat, dao dong lién tuc con gitup pha v& trang thai ket-truot va chuyén tiép xuc tur
ma sat tinh sang ma sat dong. Theo Ghasemloonia va nnk. (2014), h¢ s6 ma sat dong luén nhé hon hé $6
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ma sat tinh, do d6 viéc duy tri dao dong lién tuc giup giam déng ké luc kéo can thiét dé khoi dong chuyén
d6ng cua thiét bi. Co ché nay phu hop véi két qua thuc nghiém khi tai kéo yéu cau giam tir khoang 175.000
Ibf xudng con 22.000 Ibf.

Mot co ché quan trong khac 1a anh huong ciia dao dong dén moi truong vat liéu xung quanh diém ket.
Trong nhiéu trudng hop thyc té, ket ng khong chi xuat phat tir ma sat don thuan ma con do sy tich tu ciia
mun khoan, c¢ian hodc manh vun co hoc tao thanh cac “ cau vat liéu” ¢6 d6 bén co hoc cao. Theo Saadeldin
va nnk. (2023), dao dong doc truc c6 thé gay tai sip xép cu truc hat va lam giam do bén lién két cua vat
lidu trong méi truong gisi han. Didu nay dic biét quan trong dbi véi cac giéng nghiéng dai, noi mun khoan
dé hinh thanh va lam gia ting nguy co ket chénh 4p hoic tic khoang khong vanh xuyén.

So vé&i va dap thuy luc/va dap co hoc, RatPACK™ cho thdy uu thé rd rét trong didu kién giéng khoan
vuon xa. Bua thuy lyc truyén nang lugng dudi dang xung luc ngan va dé bi suy hao doc cot can khoan, dic
biét khi ma sat lon. Nguoc lai, RatPACK™ cung cap dao dong lién tuc voi tan s6 6n dinh, cho phép duy tri
trang thai kich thich tai diém ket trong thoi gian dai hon. Diéu nay giup nang cao hiéu qua truyén ning
luong va giam nguy co lam tang trang thai ket co hoc do tai va dap qua 16n (Zhang va nnk., 2021).

Két qua phan tich cling cho thdy hiéu qua cua cong ngh¢ phy thudc dang ké vao céac thong s0 van hanh,
dac biét 1a tan s6 dao dong, luu luong bom va vi tri bd tri cong cu trong bo khoan cu day. Trong nghién
clru nay, dai tan 12-18 Hz cho thy hiéu qua t6i wu, phu hop véi dir liéu thiét ké cua Baker Hughes (1999).
Néu tan s6 qué thép, lyc quan tinh khong du dé giam lyc phap tuyén; nguoc lai, tin sé qua cao co thé giy
suy giam hiéu qua truyén dao dong do giam chan trong cot can khoan.

Mac du cho thay hiéu qua cao trong cdc trudong hop ket do ma sat hodc manh vun co hoc, cong nghé
RatPACK™ van ton tai mot sd han ché. Trong céc truong hop ket cing do xi mang c6 do bén cao, méo
dng hodc bién dang co hoc nghiém trong, dao dong don thudn co thé khong du dé giai phong thiét bi. Khi
d6 can két hop véi bua thuy luc, dung cu nghién hodc cac giai phap ciru ket chuyén dung khac. Ngoai ra,
hi€u qua cua cong nghé con phu thugc manh vao diéu kién thiy luc va dac tinh co hoc cta cot can khoan,
doi hoi phai toi wu hoa thiét ké va chuong trinh van hanh cho timg diéu kién giéng cu thé.

Tir goc d6 van hanh va kinh té, viéc giam déng ké tai kéo va thoi gian xir Iy ket dng mang lai loi ich rat
16n @6i véi cac chién dich khoan va can thiép giéng. Theo Offshore Magazine (2000), viéc giam vai gio phi
san xudt trong cac giéng khoan nudc sau hodc khoan vuon xa c6 thé tiét kiém hang trim nghin USD chi
phi thué gian khoan. Dong thoi, viéc han ché tai kéo cuc dai con gop phan giam nguy co pha huy do moi,
dut giy va hu hong thiét bj hoan thién giéng.

Trong bdi canh cac mo dau khi Viét Nam ngdy cang gia tang ty 1¢ giéng khoan dinh huéng va giéng
ngang, cong ngh¢ dao dong doc tryc co tiém ning ing dung 16n nham giam ma sat, cai thién kha nang
truyen tai tai trong va nang cao hiéu qua xir Iy su cb. Diéu nay dic biét phu hop voi xu hudng phat trién
cac gieng khoan vuon xa tai thém luc dia Viét Nam trong giai doan hi¢n nay.

5. Két luin

Nghién ctru da danh gia hiéu qua ctia cong nghé dao dong thuy lyc Downhole Vibration - RatPACK™
trong xur 1y su ¢b ket thiét bi tai cac giéng khoan c6 d6 nghiéng 16n thong qua phan tich co s 1y thuyét, mo
hinh tinh toan va dir liéu hién truong.

Két qua nghién ciru cho thiy dao dong doc truc 1am giam dang ké lyc phap tuyén hiéu dung gitta cot can
khoan va thanh giéng, tir d6 1am giam luc ma sat trung binh trong hé théng. Pong thoi, dao dong con hd
trg pha vo trang thai ket-trugt va lam suy yéu cAu trac ciia manh vun/cdn tai diém ket, g0p ph?ln cai thién
kha ning giai phong thiét bi.

Trong nghién ctru dugc phén tich, tai keo can thiét dé giai phong 6ng/packer giam tur khoang 175.000
Ibf (~778 kN) xuong con khoang 22.000 Ibf (~98 kN), twong ng mirc giam gan 87%. Thoi gian xur 1y su
¢b cling giam tir nhidu gid xubéng con khoang 8 phut sau khi kich hoat RatPACK™. Két qua nay pht hop
v6i co 86 1y thuyét va cac nghién ctru trude day vé co ché giam ma sat nho dao dong doc truc.

Nghién ciru ciing cho thay hiéu qua ctia cong nghé tang rd rét trong cac giéng c6 do léch 16n, noi lyc ma
sat chi phdi hanh vi co hoc cua hé théng. Dai tin dao dong 12-18 Hz duogc xéac dinh 1a ving van hanh tdi
uu cho qua trinh giam ma sat va truyén ning luong.

So v&i cac phuong phap truyén thong nhu kéo thing va va dap thuy luc, RatPACK™ cho thiy uu thé &
rét vé kha ning giam tai kéo, han ché suy hao ning luong va giam nguy co hu hong thiét bi. Tuy nhién,
trong cac truong hop ket cung do xi mang hoac bién dang co hoc nghiém trong, cong nghé can duoc Kkét
hop véi cac giai phap ctru ket khac dé dat hiéu qua toi uu.

Cac két qua nghién ctru khang dinh RatPACK™ la mét giai phap hiéu qua va co tiém nang ng dung
rong rai trong hoat dong ciru ket va stra gleng, dic biét ddi véi cac giéng dinh huéng va giéng ngang tai
Viét Nam. Viéc ap dung cong nghé nay c6 thé gop phan giam thoi gian phi san xuat, t6i wu chi phi van
hanh va nang cao hi¢u qua khai thac trong diéu kién mé dau khi hién dai.
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ABSTRACT

Evaluation of the effectiveness of Downhole Vibration technology -
RatPACK™ in mitigating stuck pipe incidents in highly deviated oil
and gas wells

Nguyen Van Thanh, To Huu Toan, Nguyen Khac Long, Doan Thi Tram,
Le Quang Duyen, Le Van Nam
Hanoi University of Mining and Geology, Hanoi, Vietnam

Stuck pipe is one of the primary causes of non-productive time in directional and horizontal wells due
to the high frictional forces between the tubular string and the wellbore wall. Conventional remediation
methods, such as overpull and hydraulic jarring, often exhibit limited effectiveness because of significant
energy dissipation along the string. This study evaluates the effectiveness of Downhole Vibration
technology - RatPACK™ for mitigating stuck pipe incidents in highly deviated wells through theoretical
analysis, dynamic modeling, and field data evaluation. The friction-reduction mechanism of RatPACK™
was analyzed based on axial oscillation and the transient reduction of the effective normal force acting
between the tubular string and the wellbore wall. The results indicate that axial vibration promotes the
transition from static friction to dynamic friction, thereby significantly reducing the average frictional force
and improving load transfer efficiency in deviated wells. In the investigated case study, the pulling force
required to release the stuck tubing/packer decreased from approximately 175,000 1bf (~778 kN) to 22,000
Ibf (~98 kN), corresponding to a reduction of nearly 87%. In addition, the recovery time was reduced to
approximately 8 minutes after activation of the vibration tool. Optimal operational performance was
achieved within the vibration frequency range of 12-18 Hz. The findings demonstrate that RatPACK™ is
an effective solution for friction-related stuck pipe incidents in directional and horizontal wells, contributing
to reduced non-productive time and improved efficiency of fishing and well intervention operations.

Keywords: Stuck pipe; Axial vibration; RatPACK™; Directional well; Fishing job.
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