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This paper presents some studies on the application of mud cooler in Oil
& Gas drilling in a high temperature, high pressure condition of Cuu Long
reservoir. The authors have proposed a method to study the theory of
temperature effects on drilling fluid properties, that have been tested
practically. The authors have remarked on each type of drilling rig and
installation location. With these remarks, the authors give an option to
install the "Mud cooler" on the rig at the appropriate location and method
so that the temperature of the solution will be ensured to reduce to a safe
level. The effective application of this equipment has greatly assisted
drilling process since the fluid temperature has been reduced sharply
before returning to the mud tank. This has helped cut down expenses
significantly by prolonging eqipment’s endurability, saving time for
drilling, ship renting, drilling services and minimize the budget spent on
buying the fluid and additives to recover it. Thus, the drilling workers’
working conditions have been facilitated. The results of these studies have
been proved scientifically and practically through the successful drilling
of well ST-3P-ST. This will make the way for other local wells and
reservoirs which have the same conditions of temperature and pressure.
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THONG TIN BAI BAO TOM TAT

Qud m'?}.l' Bai bdo trinh bay mdt so két qud nghién ciru ting dung thiét bi lam mdt dung
Nhan bai 02/02/2021 dich trong cong tdc khoan dau khi dé thi céng cdc giéng dan day trong diéu
Stra xong 21/5/2021 kién nhiét d va dp sudt cao & bé Citu Long. Bdng phuong phdp nghién ctru
Chap nhan dang 15/6/2021 Iy thuyét va thir nghiém thuec té vé sw dnh huéng ctia nhiét dé tdi tinh chdt
Tt khéa: cua dung dich khoan. Tdc gla dd phan tich ddc tinh ky thudt tung loai gian
Ap sufit cao khoan va dé xudt phurong dn Iap dat thiét bi “Mud cooler” phtt hop dé dam
B& Citu Lon'g bdo nhiét do ctia dung dich giam to'l mirc an toan. U’ng dung thiét bj “Mud

cooler” dd dem lai nhiing hiéu qud trong viéc thi cong cdc giéng khoan do
nhiét d6 ciia dung dich durorc gidm manh truéc khi hoi vé bé chita, gép phén
tang tudi tho thiét b, giam thoi gian khoan, tho'i gian thué tau, thué dich vu
khoan va gidm thiéu chi phi st dung chdt phu gia dé gia cong va phuc hoi
tinh chdt cta dung dich khoan; cdi thién diéu kién lam viéc cho nguoi thy
khoan. Két qud nghlen ctru da ap dung thwr nghlem thanh cong tai giéng
khoan ST-3P-ST & bé Ctru Long. Két qua nghlen ctru ly th uyet va thuc nghiém
sé la tién dé mé rong cho viéc thi céng cdc giéng khoan ddu khi c6 diéu kién
nhiét dé va dp sudt twong tw.

Nhiét do cao.

© 2021 Trwdong Pai hoc M6 - Pia chit. Tat ca cac quyén dwoc bao dam.

1. Mo dau

Hién nay, mé Sw Tt Tring thudcbé Ctru Long
dang thi cdng cac giéng khoan dan day nham tim
kiém va nang cap trit lwong dau va khi. Cac giéng
khoan dan day & mé Sw T Trang déu la giéng
nhiét d6 va ap suat cao. Trong giéng nhiét do va ap
suit cao (HPHT), ngay ca dung dich khoan chiu
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nhiét tét nhat cling chi c6 gi¢i han nhat dinh. Néu
vwot qua nhiét do va ap suét gi¢i han, dung dich
khoan bi pha v ciu tric, mat tinh dn dinh lam
thay d6i cac thong s6 nhw giam do nhat, do thai
nuée,... dan dén cac phirc tap va sw c6 trong khoan.
Két qua nghién ctru ly thuyét va thuec té cho thiy &
nhiét d6 trén 80°C dd nhét cia hau hét cac loai
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dung dich khoan chi con ~ 0,35 cp; diéu nay anh
hwdng nghiém trong téi ciu tric cia dung dich
(Tran Pinh Kién, 2002); giy ra sw mit 6n dinh
thanh giéng (Trwong Bién va nnk., 2007) va cac sw
O phirc tap trong khoan, doi héi chi phi nhiéu thoi
gian thi céng giéng va chi phi cac héa pham dé gia
cong dung dich, dan téi gid thanh khoan giéng
tang. Dong thoi, khi nhiét @6 dung dich khoan ting
qua nhiét do cho phép sé anh hwdng dén kha nang
lam viéc va tudi tho cda thiét bi khoan, dén kha
nang lam viéc cda bd dung cu khoan; t&i mirc do
chinh xac cta thiét bi do lwong (MWD) va cac thiét
bi ghi (LWD) trong khi khoan. Ching ciing c6 thé
dan dén sy hao mon qua mic cac chi tiét dan hoi
cua cac thiét bi do MWD, LWD; lam hw héng vong
bit kin bang cao su cta thiét bi chdng phun (BOP),
ctia may khudy, may ly tim va may bom dung dich
(Trén Pinh Kién, 2002; Trwong Bién va nnk,
2007).

Ngoai ra, dung dich khoan qua néng c6 thé
giai phong khi va hoi doc tir cac hdéa pham gia cong
trong dung dich, gy 6 nhiém va nguy hiém dén
moi treong lam viéc cia nguwoi tho khoan.

Phén tich céc tai liéu dia chat va ché do nhiét
trong cac giéng khoan & bé Ctru Long, tac gid nhan
thiy viéc str dung cac phwong tién “Mud cooler”
délam mat hodc gitr 6n dinh nhiét d6 cho phép cia
dung dich khoan trong hé tuin hoan giéng la viéc
khong thé thiéu, c6 tinh cin thiét dap ng kip thoi
yéu cau san xuit va gidm thi€u nhirng tac déng
khong t6t cta nhiét dé trong giéng khoan.

2.Ché d¢ va phin bd nhiét trong giéng khoan

Trong qua trinh khoan, dung dich khoan bi
lam néng bai nhiéu yéu té két hop véi nhau nhw
su két hop gitra 4p sudt, nhiét do tw nhién trong
thanh hé giéng véi ma sat co hoc do bo dung cu
khoan lam viéc. Piéu nay da lam cho tinh Iwu bién
ctia dung dich thay ddi; dac biét dé nhét cia dung
dich sé gidm xuéng dwdi mirc cho phép bdi khi do
chuyén déng phéan ti tang 1én (Hinh 1), ciu truc
ctia dung dich c6 thé bi pha v, lwc ma sat noi sé bi
giam. Hién twong nay dwoc giai thich bang thuyét
dong hoc phan tt.

Dbédich chuyén twong ddi gitra 2 1&'p chat16ng
v&inhau cin tic dung mot lwc la F1 nao d6, lwc nay
c6 gia tri bang lwc ma sat noi ty 1& thuan vai dién
tich bé mat tiép xdc S cta 16p chit 16ng. Méi lién
quan gitra lwc tac dung va dién tich tiép xuc co6 thé
biéu dién bing cong thirc:

y
B -
B, v . F
A 7
Y1 X1 \
Y= \
)
]
[ II
A A

Hinh 1.Chuyén déng ctia cdc Iép chdt I6ng.

Fr=fS )

Trong do: f - wng suit trwot (dat trén 1 don vi
dién tich); S - dién tich 2 16p tiép xtc.

Vén toc chuyén dong cia cac1¢p thay déi theo
quy luét tuyén tinh, nghia la ty 1é véi khoang cach
tir ching t&i mat phing chuyén dong B-B theo
cong thirc:

41 V2
il (2)

U'ng sudt trwot f 18 véi sw bién thién van téc
theo hwéng cda truc tung (y) va phu thudc vao (y)
theo quy luat tuyén tinh. Vi thé ta c6 thé viét:

%
f=n3 (3)

Trong dé: n - hé s6 ma sat ndi phu thudc vao

tinh chit caa chat long, thay (3) vao (1) ta co:
Fi=ns> 4)

Téng quat hon, &ng véi sy thay doi gradien
van téc trén mot chiéu day da nho bit ky gitra 2
16p chit 16ng, ta co:

d
F=mnSg (5)
T do ta co:
Fd
n=c> (6)

Vé mit y nghia vt ly thi hé s6 1 1a luc tiép
tuyén can thiét d€ lam dich chuyén twong doi gitra
hai I&p chitlong c6 bé mat tiép xdcla 1 don vi dién
tich, cich nhau 1 don vi d6 dai véivan tocla 1 don
vi van toc.

Trong qua trinh tuin hoan dung dich, sy trao
d6i nhiét tir day giéng lén bé mit dwoc dién ra
trong sudt qua trinh khoan. Bién d6 chénh léch
nhiét do gitra day giéng va néc via phu thudc chi
yéu vao van téc chuyén déng cia dong chdy dung
dich trong hé tudn hoan giéng khoan (Gilles va
nnk, 2014).

Ché d6 nhiét trong sudt chiéu dai thin giéng
thay doi hét sirc phirc tap va phu thudc vao nhiéu
yéu t0. Graddien nhiét do trong cic giéng khoan
khong giong nhau; giéng khoan cang siu, nhiét do
than giéng cang 16n (Hinh 2), cang 1am thay d6i
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Hinh 2. Pwdng biéu thi nhiét do cua giéng ST-
3P-ST mé Sw Tw Trdng.

tinh chat lwu bién ctia dung dich. Ngay nay, phan
mém may tinh nhw MI-Swaco, Halliburton Baroid,
Scomi,... d& dang cung c4p s liéu c6 tinh chat dinh
tinh, chi tiét vé ciu hinh nhiét d6 trong giéng
khoan; két hop véi cac két qua thu dworc tir thiét
bi do MWD trong khi khoan, ta c6 thé nhin biét
chinh xac nhiét d6 day giéng dé€ dé xuat cac giai
phép x ly phuc héi tinh chat dung dich khoan
(Cong ty lién doanh diéu hanh Ctru Long, 2018).

3. Khao satlap dit thiét bi lam mat dung dich
khoan “Mud cooler” va két qua thir nghiém

3.1. Ldp dqdt thiét bi lam mdt dung dich khoan
“Mud cooler” trén gian khoan giéng ST-3P-ST

Trén co s& nghién ctru nguyén ly lam viéc cua
thiét bi “Mud cooler” va khao st thwc té, phan tich
dic thu tirng loai gian khoan va vi tri 1ap dat; thiy
rang néu lap dait thiét bi 1am mat dung dich khoan
“Mud Cooler”trén gian tai vi tri khong phu hop thi
“nhiét do ciia dung dich s&€ khong giam t&i mirc an
toan dé thi cong”. Nhiéu thir nghiém da dwoc thuc
hién dé kiém tra tinh thuc tién ctia viéc 13p dit cac
hé thdng 1am mat bang dung dich cho thay: néu lap
dat thiét bi lam mat hop ly, phu hop véi loai gian
khoan sé dem lai hiéu qua cao trong viéc giam
nhiét do giéng, ting tudi tho thiét bi khoan, kiém
soat tot tinh lwu bién dung dich véi it st dung chit
phu gia, st dung hiéu qua cac thiét bi MWD.

Uu diém cda hé théng thiét bi lam mat dung
dich khoan “Mud Cooler”:

- Cacbd phan c6 thé hoat dong song song hoac
néi tiép dé phu hgp véi hoat ddng khoan; ty 1€ lwu
théng dung dich va gidm nhiét d6 theo yéu caunha
thau thi cong;

- Theo déi tinh trang hoat dong cua thiét bi
bang dong ho do ap suit va nhiét ké co hoc clia tit
ca cac dong chay qua thiét bi;

- Khung va khung trwot dwgc cip chirng chi
niang ha cho thiét bi hoat ddng ngoai bién;

- Pwong chay 16n dé ngin chin tic nghén
trong qua trinh thiét bi hoat déng;

- Thiét bi dé sir dung va lap dit dé dang trén
gian khoan théng qua cac dau két ndi 6ng nhanh;

- T4t ca cac chi tiét cta thiét bi duoc ché tao
theo tiéu chuin cta Hiép hoi k§ sw co khi My
(ASME) va Vién dau khi M§ (API);

- Thiét k& nhd gon cho phép dé dang van
chuyén bang xe tai trén bd va tau dich vu trén
bién, hodc bang container va gidm thiéu yéu ciu
khong gian boong dé 13p dat thiét bi.

Ngay ttr khi dwa gian khoan vao vi tri khoan &
bién; thiét bi lam mat dung dich khoan “Mud
Cooler” dugc tién hanh lap dit song song védi cac
thiét bi khoan khac. Khi khoan dong dung dich
dworc tuan hoan 1én bé mat chay qua hé théng thiét
bi lam mat dung dich khoan “Mud Cooler"truéc
khi chay vé hé thdng bé chira. V&i hoat dong hiéu
qua cua hé thong lam mat, nhiét d6 dung dich
dwoc gidm tir 10+15°C gitp cho hé théng may
bom, dung cu khoan trong giéng, cac thiét bi do
LWD/MWD dam bao hoat dong lau dai hon, giam
thoi gian tir 1+2 ngay do phai kéo tha thay thé bo
dung cu khoan. Pac biét, véi hé théng lam mat
dung dich thi tinh chat dung dich dwoc bado dam
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t6ét hon, khéng bi pha v ciu tric cia dung dich,
va giam gia thanh dung dich do khong phai thém
nhiéu héa chat phu gia dé b6 sung cho tinh chit
dung dich.

C6 2 phwong phap lap dit hé théng thiét bi
lam mat dung dich khoan “Mud Cooler”trén gian
khoan: i) Phwong phap lap dat truc tiép tir phong
may bom, dau ndi Mud Cooler dwoc lap truc tiép
vao bé chira dung dich va dong héi dung dich da
dwoc lam mat sé chay truc tiép trd lai vao chinh
bé chira dung dich (Hinh 3). Ii) Phwong phap lap
dat trén bé mat; dau n6i Mud Cooler néi truec tiép
vao bé ldng cat ngay bén dwéi sang rung va dong
hoi dung dich da dwoc lam mat sé chay vé dwong
hoi vao bé chira dung dich (Hinh 4).

Sau khi khao sat gian khoan jack-up PVD6, hé
théng Mud Cooler dwoc dé xuit l3p dit nhu sau
(Hinh 5):

- Thiét bi lam méat dung dich khoan “Mud
Cooler”dwoc 13p dat tai man phai cta gian khoan,
bén duwdi san cantilever canh hé thng may bom
vita xi mang. Trong lwong cum Mud Cooler 6,1
tin; can dién tich bé mat14p dit 13 m? (kich thuéc
thiét bi dai 4,8 m x rong 2,3 mx cao 2,05 m);

- Thiét bi loc (Strainer) dworclap dit canh man
phai cta gian khoan; trong lwong thiét bi Strainer
1 tan; dién tich 13p dit 2,1 m? (kich thwdc thiét bi
rong 0,99 mxdai 2,12 mxcao 1,1 m);
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- May bom ly tdm (Centrifugal Pump) dworc
13p d3t tai man phai clia gian, ngay khu vuc sang
rung;

- May bom dién chim (Submersible Pump) dw
phong dé cung cip nuwée bién lam mat thiét bi Mud
Cooler trong truedrng hop hé thong bom nwée bién
cda gian khoan bi hw hong,

3.2. Két qua thir nghiém thiét bi lam mat dung
dich khoan “Mud cooler” tai giéng khoan ST-3P-
ST

Giéng khoan ST-3P-ST thudc mé Sw Tir Trang
cua Cru Long JOC la giéng nhiét do va ap suét cao;
nhiét do day giéng l1én t&i gdn 1700C (Hinh 1)
(Cong ty lién doanh diéu hanh Ctru Long, 2018).

Giéng khoan dwoc thiét ké mé cira so tir than
giéng cii qua Ong chong 131/5” tai chiéu sau 1.686
mMD. Khoan 12 %" va chong 6ng 9 5/5” t&i chiéu
sau 3.500 mMD/3.200 mTVD; sau dé khoan than
giéng dwong kinh 8 %” va chéng Ong lirng 7” tir
3.400 mMD téi 4.298 mMD; doan cudi cta giéng
dwgc khoan dwong kinh 6” va chong 6ng ltirng 4
1" tlr 4.098 mMD t&i 4.562 mMD. Ciu tric giéng
khoan ST-3P-ST xem Hinh 6 (Cong ty lién doanh
diéu hanh Ctru Long, 2018).

Giéng khoan ST-3P-ST dwgrc thiét ké st dung
hé dung dich khoan goc dau (SBM), v&i tinh trc ché
sét rit tot. Nhung do nhiét do trong giéng khoan
cao, ciu trdc va tinh lwu bién cia dung dich luén
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Hinh 3. So db lap ddt hé théng Mud Cooler trén gian khoan (tir phong mdy bom).
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Hinh 4. Sor d6 lap ddt hé théng Mud Cooler trén gian khoan (truc tiép vao b€ ldng).
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Hinh 5. Sor d ldp ddt Mud Cooler trén gian khoan jack-up PVDeé.
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CAl TROC GIENG KHOAN
RTE 47 5m Xi mang dém
Water Degth: S5 6m MSL
- Xi mang chinh
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| D - Marker Sand (Thie! Sand) @ 3 45w ND
40deg Ong chéng $-508", 53.5ppT & 60 sdu +-3562mMMDV3200TVD
(+720m below D-marker sand or +/-80mM D a2ove D40 Sand)
s P4 D40 Sand @ 3.5822mMD
o ‘H" Dol l I Dinh 6ng 4-112" & 64 sdu 4055mMMD
oie
E Samd (potentially eroded)
SBM | | F Shale @ Faulted area 4,202mMD
§12" Hole 8-112" doa rfng ¥n 9-112" & 6 sdu 4212mMD
phia trén tdng phong hoa manh
T4sder 4 | ' Ong chéng irng 7-, 32ppf. SMI3CR-110, trén noc via
6" Hole .00 sy $23EMMDISSSTVD (- 15m y2o0 tép F)
SBM
I F Saad
036 A k Ong 4-12", 152pp! & 6O sdu 4552mMDI4122.52TVD

Hinh 6. Cdu triic giéng ST-3P-ST.

thay d6i lam anh hwdng téi sw 6n dinh thanh giéng
khoan. Hon nira, day la giéng str dung hé dung
dich khoan géc dau cin phai duy tri & nhiét do
dwédi nhiét do tw boc chdy cia bot dau dé dam bao
diéu kién an toan ctia céng tac khoan.

Chinh vi vdy, Céng ty dau khi Ctru Long da
quyét dinh str dung thir nghiém hé théng lam mat
dung dich “Mud cooler” cho giéng ST-3P-ST.

Két qua thtr nghiém cho thiy: nhiét do cua
giéng khoan cang cao thi hiéu qua gidm nhiét do
cta dung dich khi di qua hé thong Mud cooler cang
ro rang (Cong ty lién doanh diéu hanh Ctru Long,
2018). Véi két qua nhiét do giam Min-Mid-Max la:

100C - 17°C - 20°C da chirng minh hiéu qua rng
dung hé théng 1am mat dung dich dé hd trg cho
cac giéng khoan nhiét d6 va ap suit cao (HPHT).
Cac két qua thtr nghiém thiét bi lam mat Mud
cooler & giéng khoan ST-3P-ST dworc trinh bay &
Bang 1. Ttr cic két qua dat dwoc do (rng dung thiét
bi 1am mat & giéng ST-3P-ST; nghién ctru da tinh
toan tiét kiém chi phi cho cong tac khoan tir
nghién ctru rng dung nay. Néu giam 1 lan kéo tha
sé tiét kiém dworc 2 ngay lam viéc cta gian khoan,
tir d6 sé giam dang ké gia thanh khoan. Két qua
tinh toan chi phi xem Bang 2.
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Bdng 1. Cdc két qud st dung hé thong lam mdt dung dich “Mud cooler” tai giéng khoan ST-3P-ST.

fRustugnoan | 3075 | 3000 | 318 | 3149 | 3175 | 3195 | 3234 | 3260 | 3202 | 333 | 3360 | 337
Parameter Jjec | ef
Dung dich vao 63 64 62 63 65 65 63 62 62 64 64
Dung dich ra 53 54 53 53 54 54 4 53 33 54 54 53
Bay giéng 103 103 104 103 101 105 102 100 103 103 102 102
Dung dich &1 ¥n 73 74 74 74 74 74 74 74 74 75 75 75
Dung dich vao bé 57 58 57 57 57 58 57 56 57 S8 59 58
Dalling Dallng | Dnlling Dnllng Reanung Dnlling Dnlling Reammung Dl Dnlling Dalling Dnlling
| Rig : PVD6| Location : Vietnam Offshore | Well : ST-3P-ST | Hole Section : 12 1/4"
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Bdng 2. Cdc chi phi tiét kiém do trng dung hé théng lam mdt dung dich “Mud cooler” tai giéng khoan

ST-3P-ST.
R bon gia S6 |Tong gia thanh
STT M6 Ta (USD) | lwong (USD)
1 T,I?t kiém mot 1:im kle\o tha de tl\lay tbAe b6 khoan cu BHA, tiét 55000 ) 110.000
kiém dwoc 2 ngay gian khoan lam viéc
2 | Tiétkiém 2 ngay thué tau dich vu 20.000 2 40.000
3 | Tiét kiém 2 ngay thué dich vu khoan ctia nha dich vu thir 3 175.000 2 350.000
4 G1ar\n 1u'(_)'n§ hoAa chat phu gia dé xtr Iy dung dich trong méi 90.000 1 90.000
treong nhiét do cao.
5 | Trwr di chi phi dich vu Mud Cooler -110.000 1 -110.000
Tong cong: 480.000

Vi tong tiét kiém gin nira triéu do la My
(480.000 USD) la mét con sé rat an twgng véi ring
dung thiét bi lam mat “Mud cooler” cho giéng
khoan nhiét d6 va ap suat cao. Vi viéc giam thoi
gian kéo tha do b6 khoan cu bi hong, sé tang thoi
gian khoan; gidm cac hién twong phirc tap do dung
dich khoan gay ra.

4. Két luan

Ung dung hiéu qua thiét bi “Mud cooler” da
giam thiéu chi phi khoan rat 16n bai cac yéu to:
tang thoi gian lam viéc cia bo dung cu khoan
trong giéng do giam sé lan kéo tha dé thay thé
dung cu pha hiy d4, gitt dwoc tinh chat dung dich
On dinh (gidm lwgng héa chit phu gia dé xi ly
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dung dich), lam mat bé mat tao méi trwrong an
toan cho cong nhan vién lam viéc trén gian dac
biét 12 nhirng nguwoi truwee tiép lam viéc véi dung
dich hang ngay, hang gio, tiét kiém thoi gian
khoan, thoi gian thué tau, thoi gian thué dich vu
khoan va gidm thiéu chi phi st dung chit phu gia
dé phuc hoi tinh chit cua dung dich...

Nhirng két qua nghién ctru trong bai bao da
thé hién tinh wu viét va hiéu qua khi &ng dung
thiét bi lam mat dung dich cho giéng nhiét do va
ap sudt cao ST-3P-ST.

Loi cdm on

Thong qua bai bao, tac gia xin gt 1oi cdm on
t&i ThS. Pham Thé Thirc, Cong ty lién doanh diéu
hanh Ctru Long da cung cap s6 liéu chinh xac kip
thoi; xin chan thanh cdm on B6 m6n Khoan Khai
thac, Khoa Dau khi, Trwong Pai hoc M6 - Dia chat
da gidp do dé cong trinh khoa hoc hoan thanh
dung tién do va chat lwong.

Pong gop cuaa tac gia

Tac gid Nguyén Tran Tuan da tién hanh
nghién cru ché d6 nhiét va phan bd nhiét trong
cac giéng dan day & bé Clru Long, tir d6 dé xuit giai
phép va phwong an 1ap dit thiét bi lam mat dung
dich khoan nham gia tdng hiéu qua khoan va giam
thiéu chi phi diu tw sin xuit. Tac gid Nguyén
Hoang Son phu trach xtr Iy s6 liéu va chinh sira.
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