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CO BIEN MO (trang 64-70)

CAC YEU TO ANH HUONG DPEN TON THAT AP SUAT DO MA SAT
CUA DONG CHAT LONG KHOAN TRONG KHOANG KHONG VANH
XUYEN GIENG KHOAN PUNG
PHAM DUC THIEN, Truong Pai hoc Mé-Dia chit
Tém tit: Mot trong nhitng yéu té anh hwéng t6i hiéu qua khoan cdc giéng khoan tham do,
khai thac khodng san do la qud trinh tuan hoan chdt léng khoan. Trong bai bdo nay dé cdp
dén viéc tinh todan t6n thdt dp sudt do ma sdt cia dong chat long khoan chay trong khoang
khong vanh xuyén trén co sé xem xét sw anh hirong cua cac yeéu 16 nhw do nhot, trong lwong
riéng chat Iong, trong lwong riéng hat mim, vin toc dong chdt long, véin toc co hoc khoan.
Véi két qua xdc dinh sw anh hwéng cia cdc yéu té trén, tir dé cé thé dé xudt cdc thong sé
hop Iy ciia dong chdt Iéng nham néang cao hiéu qua khoan.

1. Dit van dé

Trong qua trinh khoan tham do va khai
thac dau khi noéi riéng va khoang san nodi
chung, mot trong nhimg yéu td quan trong anh
hudng t6i hiéu qua khoan d6 1a tuan hoan dung
dich khoan lam mat bd dung cu day va lam
sach mun khoan trén day giéng dong thoi van
chuyén ra khoi giéng khoan. Trong qua trinh
tuan hoan dung dich khoan ludn luén c6 sy ma
sat vai be mat thanh gleng va dung cu khoan
trong giéng tao ra sy ton that ap suat do ma sat,
lam giam kha ning van tai mun cia dong chat
long khoan. Vén dé dit ra 1a can xac dinh su
anh huong cua cac yéu td dén ton that ap suat
do ma sat, tir 6 ta chon duoc cac thong sé phu
hop dé ton that ap suat hop 1y nham ting ning
suat khoan.
2. Chit 16ng khoan va biéu thirc ton that ap
suit do ma sat

Chat 1ong khoan hién nay chu yéu 1a chét
long phi Newton, tiy theo héa pham pha ché
ma c6 cic md hinh chat long khoan nhu
Bingham, Power Law, Herschel Bulkley,
Casson,... Theo quy udc ctia Vién Dau khi My
(API) chon md hinh Power Law lam chét 1ong
khoan tiéu chuan, chinh vi vy ma noi dung
tiép sau day chi tinh toan va dé cap dén chét
long khoan ¢6 mé hinh 1a chit long Power
Law. Chét long Power Law dugc mé ta boi biéu
thuc:
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64

trong do: t - tng suét truot, Pa; k - hé sé dam
dic, Pa.s"; S - gradient van tdc, s%; n - chi sb
dong chay. Do nhét twong dwong chat long
Newton ciia dong chat 1ong khoan chdy trong
khoang khong vanh xuyén (KKVX) dugc xéic
dinh [1]:
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trong do:

He - d6 nhét tuong duong chat long
Newton, Pa.s;

Va - van tdc trung binh chit long trong
KKVX, m/s;

Dop - dudng kinh ngoai can khoan, m;

Dp - duong kinh thanh 16 khoan, m.

Dé xac dinh ton that ap suat do ma sat, xét
mot doan dong chdy trong KKVX gleng ding
¢6 chidu dai dl, lyc tac dong bao gom ap luc,
luc ma sat va trong luc (hinh 1).

Cong thirc tong hop cac lyc tac dong lén
dong chat 16ng khoan hdn hop trong KKVX :

P1-P2-T- F6 =0, ) (3)
Chuyén vé cac thong s6 dong chay, duoc:

d
Aa(dFl)j_TmsZ+phdgAa (4)



trong do:

P1, P2 - ap luc & mit cit 1-1, 2-2, N;

T - Iurc ma sat nhot chét long, N;

Fe - trong luc;

N; % - gradient 4p suidt (Gradp) trong
KKVX, Pa/m;

Tms - UNg suat ma sat, Pa;

¥ - chu vi uét, m;

G - gia tdc trong truong, m/s?;

A, - tiét dién KKVX, m?;

phd - khdi luong riéng hdn hop giita chat
16ng khoan véi mun khoan, kg/m?.

Khéi lugng riéng hdn hop duge xéac dinh:

Pra = PsCy +p|_(1_Ct) ' ()

trong do: ps , pL - khdi lugng riéng hat mun
va chat 1ong khoan; Ct - tong ndng do mun
khoan (%).
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Hinh 1. Luc tac dong lén doan dong chay trong
KKVX
Chu vi uét duoc xac dinh:
X:n(Dh +Dop) ' (6)

Tong ndng d6 mun khoan 1 ham s cua tdc
d6 co hoc khoan trung binh, dugc xac dinh:
C. = Ven 1 0
t

- Di - Dop2
Ven +Va T D

trong do:

D¢ - duong kinh danh nghia cta choong
khoan (m);

Ver - te d6 co hoc khoan (m/s).

Ung suat ma sat xac dinh boi:

1
Trns :Ephdvsf ! (8)
trong do: - hé sb ma sat Fanning, duoc cho boi [2]:
f =0,00454 +0,645Re™®7, 9)

voi Re - 50 Reynolds, Re= pnaVa(Dh-Dop)/pe.
Néu thong nhat vé hé s6 ma sat cia Darcy,
thi A = 4f, khi do:

Trns :%phdvz}\" (10)
v6i A - hé s6 ma sat Darcy.
Cong thirc (4) c6 thé viet thanh:
1
Gradp == [ty +Pra9A.] (11)

a

Cong thirc (11) thé hién gradient ap sut
phan bé trén dong chay chét 16ng khoan trong
KKVX. Dé dua vé gradient ton that ap suat do
ma st (ttrc ton that ap sudt do ma sat trén mot
don vi chiéu dai giéng khoan), ta 1iy gradient ap
sudt trir di cot ap thuy tinh trén 1m duogc
gradient ton that ap suat do ma sat.

Tur cong thie (11), dugc:

1
Gradpms :A_[Tmsx+phdgAa]_phdg ) (12)

a

trong d6: Gradpms - gradient ton that ap suit do
ma sat, Pa/m;

phdg - cOt 4p thuy tinh trén 1m chiéu dai
than giéng, Pa/m.
3. Thong s6 co s& tinh toan su dnh hwéng ciia
cac yéu t6 dén ton that ap suat do ma sat

Theo nghién ctru ciia Mojis [4] vé chat long
khoan gdc nude véi hai loai chinh 1a: nudc cong
sét v6i cac phu gia va nude bién cong polymer
vo1 cac phu gia. Loai nudc sét dugc dya trén
chat léng nén (CLN), pha ché gém 15¢g
bentonite trong 350 ml nudc (twong duongl5
Ibm bentonite trong 1bbl nudc) cong thém mot
luong xut (NaOH) da dé d6 pH bang 9. Thong
thuong khi st dung trong khoan nguoi ta cho
thém mot ham luong nhat dinh KCL.
Bang 1. Thong $6 dit liéu co s6 (chon dir liéu co

so dua trén CLN+2%KCl)

Céc thong sb Gia tri
Chi s6 chay chét 16ng khoan (n) 0,32
Heé s dam dic chat 1ong khoan (k) | 1,37 Pa.s”
Puong kinh giéng khoan 311,15 mm
Pudng kinh ngoai cot can khoan 127 mm
Khdi lwong riéng min khoan 2600 kg/m?
Khdi lwong riéng chét long 1100 kg/m?
Kich thudc hat mun trung binh 5mm
Tbc d co hoc khoan 0,(()285n5]/6hr;1/5
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4. Anh huéng ciia cac yéu t6 dén ton that ap suit do ma sat

Pé xac dinh sy anh huong cua cac yéu t& dén ton that ap suit do ma sat cua dong chat 1ong
khoan chay trong KKVX giéng dung, ta s dung cac cong thire 1,2,57,8,9, 12) ddng thoi dua
trén théng s6 dir liéu co so trong bang 1. Qua trinh tinh todn dugc thyc hién bing phan mém
Matlab. Dé tinh gradient ton that ap sudt do ma sat cua dong chét 1ong trong KKVX, khi chay
chwong trinh tinh todn, cac thong so: van toc chat 1ong khoan trong KKVX, tinh luu bién cua chat
16ng, khéi luong riéng mun khoan, khoi luong riéng chét 16ng, kich thuéc hat mun, toc dd co hoc
khoan lan lugt dugc thay dbi, cac thong sb con lai theo gia tri dir liéu co so.
4.1. Gradient ton thdt dp suat do ma sdt trong KKVX khi vin toc chit long khoan thay doi

Su anh hudng ctia van tdc chét 1ong khoan dén Gradient ton that 4p suat do ma sat trong KKVX
duogc tinh toan dya vao thong s6 dit liéu co sO, con van tde chat long cho thay ddi gia tri tu 0,1m/s
dén 1,7m/s. Két qua tinh toan mo phong dugc thé hién trén bang 2 va hinh 2.

Bdng 2. Gradient t6n thdt ap sudt do ma sat trong KKVX khi va thay doi

Va, M/S 0,1 0,3 0,5 0,7 0,9 1,1 1,3 1,5 1,7
Gradpms, Pa/m 2613 1025 677 541 482 459 459 474 501
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Hinh 2. Gradient t6n that dp sudt do ma sat trong KKVX khi va thay déi

Theo bang 2 va hinh vé& 2, ta thay ton that 4p suit do ma sat giam nhanh khi gi4 tri van toc chat
long nho, dac biét la véan téc chat 1ong nho hon 0,4 m/s. Khi tiép tuc tang van toc chat long cuong
do giam ton that giam dan, su gilam nay dat dén gia tri van tdc chat long khoang 1,3 m/s. Néu tiép
tuc tdng van toc chat long thi ton that tang theo.

4.2. Gradient ton thét dp sudt do ma sdt trong KKVX theo tinh lwu bién ciia chit léng

Anh huong cua tinh luu bién chit long khoan dén gradient t6n that ap suit do ma sat trong
KKVX dugc tinh toan theo cac chit 1ong khoan sir dung thé hién trong bang 3, chit long dugc mo
ta c6 do nhot khac nhau thong qua hé s6 dam dac khac nhau, con khdi luong riéng va chi sé dong
chay gilr nguyén gia tri dit liu co s¢. Do nhét tuong duong Newton duge tinh toan nho cong thirc
(2) va dir liéu co so trong bang 1. Két qua tinh toan gradient t6n that 4p sut do ma sat thé hién
trong bang 4.

Bdng 3. Théng s6 lwu bién ciia cdc chat long khoan khi thay doi hé sé k

Théng so CLCS Chat long khoan A | Chat long khoan B | Chat long khoan C
k (Pa.s") 1,37 0,5 1,0 25
Le (Pa.s) 0,5327 0,1944 0,3889 0,9721
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Bang 4. Gradpms trong KKVX theo tinh luu bién chat 1ong khoan khi va thay doi.

Va, M/s 0,1 0,3 0,5 0,7 0,9 11 13 15 1,7

CLCS 2613 1025 677 541 482 459 459 474 501

S;/adpm& Chatlong A | 2605 1005 648 503 434 403 395 402 421
m Chat long B 2610 | 1017 666 526 463 437 434 446 469
Chat long C 2622 1045 708 581 531 517 526 549 584

Két hop bang 3, bang 4, ta dwoc mdi quan hé giira gradient ton that 4p suat do ma sat va hé sb

dam dac k nhu trén hinh 3.
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Hinh 3. Gradpms trong KKVX theo tink Leu bién chat long khoan tai va = 0,7 m/s

Tir hinh v& 3, ta thiy khi & cung gié trj van toc chat 16ng, ton tht 4p suat do ma st ting khi do
nhét cua chat long tang, cuong d6 tang cang 16n khi ¢ d6 nhot cao. Khi vén toc chat 1ong thay doi

thi quy luat thay doi ctia ton that ap suat do ma sat ciing dién ra nhu & phan trén da mo ta.
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Hinh 4. Gradpms trong KKVX theo tink luu bién chat Iong khoan khi va thay doi
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4.3. Gradient t6n thét dp sudt do ma sit trong KKVX theo khéi lwong riéng (KLR)chat long
Bdng 5. Gradpms trong KKVX theo KLR chdt long khoan khi va thay doi

Van tc chét léng, m/s

| —e—KLR chétlong 950 kg/m3

—=—KLR chétléng 1100 kg/m3

——KLR chétIong 1300 kgim3 |

Hinh 5. Gradpms trong KKVX theo KLR chdt long khi va thay déi

Trén bang 5 va hinh 5, cho thiy ¢ van tdc chat 1ong nho thi ton that 4p sudt do ma sat cta chat
1ong c6 KLR 16n nhé hon so véi chét long c6 KLR nhé. Nhung khi ting van tc chét 1ong dén mot
gia tri nao d6 thi chat 1ong c6 KLR cang 16n thi ton that p suat do ma sat cang 16n. Con quy luat

theo van tdc chét 1ong ciing van nhu trén mo ta.
4.4. Gradient ton that dp suat do ma sdt trong KKVX theo khoi lwong riéng hat min

Khi tinh toan Gradient ton that ap suat do ma sat trong KKVX theo khdi lwong riéng hat mun,
ta thay doi khoi luong riéng tir 2000kg/m? va chon van toc chat 1ong & 0,7m/s. Két qua tinh toan mo

phong dugc thé hién trén bang 6 va hinh 6,7.

Bang 6. Gradient ton that dp sudt do ma sdt trong KKVX theo khoi lirong riéng

hat trong giéng dimg & va=0,7 m/s

Va, M/s 0,1 0,3 0,5 0,7 0,9 11 13 15 17
Gradpme, [ 950 kg/m® | 2872 | 1120 | 733 578 | 505 | 474 | 465 | 472 | 491
pom. |PL= 1100 kg/m?| 2613 | 1025 | 677 541 482 | 459 | 459 | 474 | 501

pL= 1300 kg/m?| 2268 | 897 | 602 491 | 448 | 439 | 450 | 476 | 512
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Hinh 6. Gradient ton that dp sudt do ma sat trong KKVX theo KLR hat & va=0,7 m/s
Bang 7. Gradient ton that ap suat do ma sat trong KKVX theo KLR hat Khi vathay doi

Va, m/s 0,1 0,3 0,5 07 | 09 [ 11 [ 13 ] 15 17

pp=2200 kg/m3 | 1921 | 763 516 | 424 | 390 | 383 | 395 | 418 | 451

Gg&m& pp=2600 kg/m3 | 2613 | 1025 677 541 | 482 | 459 | 459 | 474 | 501
pp=3000 kg/m® | 3306 | 1287 839 658 | 573 | 535 | 524 | 530 | 550
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Hinh 7. Gradient t6n thdt dp sudt do ma sat trong KKVX theo KLR hat khi Va thay doi

Khi khdi luong riéng hat mun ting 1am ton that ap suit do ma sat ting, nhu trén hinh 6 thé hién
sy tang gitra hai dai lugng nay quan hé theo quy luat duong thang.
4.5. Gradient tén thit dp sudt do ma sdt trong KKVX theo kich thud'c hat min

Khi tinh todn Gradient ton that 4p sudt ma sat trong KKVX theo kich thudc hat mun, ta ciing

dua vao thong s6 dit liéu co s& va cho kich thude hat thay ddi tir Imm dén 9mm, két qua tinh toan
mo phong thu duoc thé hién trong bang 8. Tir két qua nay chi ra rang kich thudc hat khong anh
hudng dén ton that 4p suat do ma sat.

Bang 8. Gradient t6n that dp sudt do ma sat trong KKVX theo kich thiede hat min
dp, mm 1 2 3 4 5 6 7 8 9
Gradp,Pa/m 658 658 658 658 658 658 658 658 658
4.6. Gradient ton that dp sudt do ma sdt trong KKVX theo toc dé co hoc khoan

Dé xac dinh sy anh huong cua tdc d6 co hoc khoan dén ton that ap suit do ma sat, chon ba tdc
d6 khoan dé tinh toan 1a 10 m/h (0,002778 m/s), 20 m/h (0,005556m/s), 30 m/h (0,008333 m/s). Két
qua tinh toan thé hién trong bang 9 va hinh v& 8, 9.
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Hinh 8. Gradient t6n thdt dp sudt do ma sat trong KKVX theo ven khi va = 0,7 m/s

Bdng 9. Gradient ton thdt ap sudt do ma sat trong KKVX theo vcn khi va thay doi
Va, M/ 01 | 03 | 05 | 07 | 09 | 11 | 13 | 15 | 17
4o | Von=10mih | 1820 | 686 | 463 | 385 | 356 | 357 | 372 | 398 | 433
Gpr;/nf’ Vor=20m/h | 2613 | 1025 | 677 | 541 | 482 | 459 | 459 | 474 | 501
Vor=30m/h | 4551 | 1849 | 1200 | 924 | 784 | 709 | 673 | 661 | 666
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Hinh 9. Gradient ton that dp sudt do ma sat trong KKVX theo vcn khi Va thay doi

Tbc dod co hoc khoan thé hién qua néng do
hat miin trong dong chay chat 1ong khoan, toc
dd co hoc khoan cang 16n thi néng do hat cang
16n. Nhu trén hinh 8, khi téc d6 co hoc khoan
tang 1am ton that ap suit do ma st ting, cudng
d6 tang ton that ap suat do ma sat cang 16n khi
tdc d6 co hoc khoan cang 16n.

5. Két luin

Tur két qua nghién ciru, tinh toan trén ta co
thé két luan riang:

- Cac yéu t6 anh huong dén ton that ap suat
do ma sat bao gdm van toc chat long trong
KKVX, tinh luu bién chat long, khdi luong
riéng chét long, KLR hat mun, tbc dd co hoc
khoan. Khi do6 nhdt chat long, KLR hat mun,
tbc d6 co hoc khoan ting 1am t6n that ap suit
do ma st tang;

- Van tbc chét long khoan 1a yéu to anh
huong 16n nhat dén ton that ap suit do ma sat.
Qua cac hinh v& va két qua thé hién ¢ trén, ta
thdy néu trong khoan st dung dong chat long
chay trong KKVX ¢6 van téc nho hon 0,4 m/s
thi ton that ap suét do ma sat rat 1on, khi van tdc

ton that ap sué‘g do ma sat hop ly ta khong nén
khoan ¢ van toc dong chat 1ong trong KKVX
nhoé hon 0,4 m/s va 16n hon 1,3 m/s.
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SUMARY

Effects of parameters on friction pressure losses of driling fluid flow in vertical annulus well
Pham Duc Thien, University of Mining and Geology
Circulation drilling fluid are important respect effect on drilling efficiency of production and
exploration wells. This paper, the author study effecting of paramerters as annulus velocity, fluid
rheology, fluid density, cutting density, cutting size, and rate of pemetration on friction pressure
losses. From that propose sensible parameters of drilling fluid flow to enhance drilling efficiency.
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