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Lua chon mé hinh luu bién phu hgp cho dung dich khoan géc nuéc
¢ st dung vat liéu than thién maoi truéng
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TOM TAT

Dung dich khoan la moét phan quan trong trong cong tac khoan dau khi. Hién nay, nham phuc
vu muc tiéu phat trién bén viing va bdo vé mai trudng, cac vat liéu c6 ngudn géce hiiu co dugc
st dung nhu la chét phu gia cho dung dich khoan. Vat liéu t&r vo cam da dugc st dung trong cac
nghién cliu gan day va dugc danh gia cao vé hiéu qua trong kha nang tang cudng chat lugng dung
dich khoan géc nudc. Trong nghién clu nay, nhém tac gia da khao sét cac mo hinh toén hoc dé
mo ta tinh chat luu bién clia dung dich khoan géc nuéc cé st dung vat liéu vo cam & cac ty 1é
khac nhau.Viéc lua chon mé hinh luu bién phu hgp gidp viéc xac dinh tén thét dp suat va tinh toan
thay luc chinh xac hon. Ba mo hinh luu bién dugc khao séat la: mé hinh Bingham Plastic, Power Law
va Herschel-Buckley. D& danh gia muc do chinh xac ctia cdc mo hinh so véi s6 liéu do thuc té tai
phong thi nghiém, cac thong sé théng ké bao gom: Sai sé phan tram trung binh tuyét déi (MAPE),
sai s6 binh phuong trung binh (MSE) va hé sé tuong quan (R?) dudc st dung. Két qua chi ra ring
tinh chat luu bién ctia dung dich khoan c6 st dung vat liéu vo cam co thé dugc thé hién bang mo
hinh Herschel-Buckley v&i R? cao nhat, MAPE va MSE thap nhat khi so sanh véi mo hinh Power Law
va Bingham Plastic & tat ca cac ty |é cla vat liéu vo cam.
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MG PAU

Mot trong nhiing hoat dong tién quyét cho bat ki mot
du an dau khi chinh 13 cong tac khoan, vi vdy chi phi
cho hoat ddng nay thuong kha cao (50-80% trén téng
chi phi & giai doan tim kiém tham do) va tit 30 dén
80% trén téng chi phi phat trién md! bai mic do
phtic tap va nhiing rti ro lién quan. Trong do, dung
dich khoan dugc xem nhu “huyét mach” ctia cong téc
khoan, 1a mét trong nhiing nhan t6 cht chét quyét
dinh sy thanh bai cia mét dy 4n khoan ciing nhu
chiém phan 16n chi phi trong qua trinh khoan?.

Dua trén céc dic diém dia chét ciing nhu diéu kién
thiét bi, Viét Nam cht yéu st dung 2 hé dung dich
khoan 1a hé géc ddu va géc nuéc®. Tuy dung dich
khoan g&c d4u c6 nhiéu ddc tinh t6i uu hon hé goc
nuéc nhu 6n dinh & nhiét d6 cao, khad nang vin
chuyén mun khoan t6t hon nhung gia thanh dat va tac
dong tiéu cuc dén moi trudng vi ¢é chita dau diesel va
mot s6 hoa phdm khac?, nén ung dung bi han ché.
Vi vay, hé dung dich khoan gbc nudc 1a doi tugng
tiém nédng dugc st dung cho giai doan khoan tham
do, thdm lugng cing nhu khai thic ddu khi. Hién
nay, khong riéng & Viét Nam ma trén thé giéi da va
dang tip trung nghién ctu phdt trién cic loai dung

dich khoan g6c nudc dap tng tét vé cac yéu cau ki
thuat dong thoi than thién moi '[ru(‘jng5 .

V6i xu thé phét trién bén viing trong tuong lai, Viét
Nam da va dang hudng t6i muc tiéu phat trién dét
nudc gin lién chinh séch bdo vé moi trudng trén hau
hét cac linh vuc, trong d6 c6 nganh céng nghiép dau
khi. Trudc day, nudc ta da nghién ctiu va phit trién
thanh cong dung dich khoan géc nudéc KLATROL,
v6i thanh phan KCl nhim ting cuong tinh tic ché
sy truong nd cla sét, barite lam ting ti trong dung
dich khoan va m¢t s6 chat phu gia khac®. Tuy nhién,
qua trinh stt dung céc hod phdm phu gia cong nghiép
truyén théng nhu KCl, NaOH, Polyamine,...” dang
gdp phai nhiing han ché vé€ yéu t6 moi trudng, vi thé
viéc tim kiém va tao ra loai vat liéu gop phan kiém so4t
cdc tinh chit ctia dung dich khoan dong thoi dam bao
an toan moi truong dang 13 xu thé cip thiét hién nay.
Mot trong s6 vat liéu ndi bat chinh 13 cac loai chit thai
¢6 nguodn goc hiiu co, v6i nguédn c6 sin va tién dung
trong viéc pha ché?.

Ngay nay, da va dang c6 nhiéu nghién cttu trén thé
gi6i tdng hop céc loai rac thai hiiu co nhu vo budi,
vo chudi, vo quyt, ddu bap,... lam chit phu gia cho hé
dung dich khoan géc nuéc dugc trinh trong Bang 1.

Trich dan bai bao nay: Hau D P, Phat L T, Phuéc TH, Hi€u L T, Ding T T, Quang HT, TAam TN T, Nam L N H.
Lua chon mé hinh luu bién phu hgp cho dung dich khoan géc nuéc c6 st dung vat liéu than thién
moi trudng . Sci. Tech. Dev. J. - Eng. Tech. 2024; 6(S17):145-155.
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Bén canh d¢, Viét Nam ciing da cé nhiing nghién ctiu
ung dung chit thai hitu co trong linh vuc ki thuat lién
quan dén moi truong (Bang 2) song con han ché. Do
d6, y tudng phat trién hé dung dich khoan tng dung
vat liéu sinh khdi hiiu co lam phu gia 13 huéng di c6
tinh méi mé d6i v6i nghién cttu khoa hoc Viét Nam
ndi chung cling nhu nganh cong nghiép dau khi néi
riéng, viia tdn dung dugc ngudn noéng san déi dao ctia
nudc ta dong thoi dép ting muc tiéu mdi trudng bén
viing trong tuong lai.

Vo qua cam dugc lya chon st dung trong nghién ctiu
nay bai vi theo nhiing dit liéu dugc cung cdp tit Téng
cuc Thong ké Viét Nam, san lugng cam ndm 2021 la
1.55 triéu tdn, ting 33.2% so v6i ndm 2020 va diing
tht hai nuéc tad. Vi thé, day c6 thé 1a nguén vat lidéu
doi dao va tiém nang hudng dén muc tiéu phét trién
hé dung dich khoan véi cac dic tinh: gia thanh ré,
dap ting hiéu qua vé ki thut d6ng thoi tan dung hiéu
qua nguodn sinh khdi dia phuong nhim han ché tdi da
lugng rac thai ra moéi truong.

Dé chon dugc mo hinh luu bién t6i vu cho dung dich
khoan, trudc hét phai danh gid hiéu quéa ctia dung
dich khoan thong qua tinh chét luu bién cua ching.
Nhin chung, chit luu dugc phéin chia thanh hai loai
chinh, chit luu Newton (Newtonian fluid) véi tng
sudt cit ti 1é thuan véi toc do cit va chat luu phi New-
ton (non-Newtonian fluid) c6 Ging suét cit1a mot ham
ctia téc do cat. Mo hinh luu bién cta chit luu phi
Newton dudgc cb thé chia thanh ba nhém: (i) mo hinh
thuc nghiém bat nguén ti viéc kiém tra dii liéu thi
nghiém, dién hinh 1a m6 hinh Power Law; (ii) mo
hinh cdu tric gém mé hinh Casson® va mo hinh
Herschel—Buckley10 (con dugc goi la mo hinh yield
Power Law!1; (iii) mé hinh 1y thuyét chi ra cac yéu
t6 anh hudng dén thong s6 luu bién, vi du mé hinh
Krieger-Dougherty® cho d¢ nhét tuong d6i va mé
hinh Bingham Plastic '2.

Cu thé, nghién ctu tép trung vao viéc phan tich so
sanh va lya chon md hinh luu bién téi uu cho cic
mau dung dich khoan bentonite v6i ham lugng bot
vo cam khac nhau. D4u tién, quy trinh téng hop bot
vo cam (BVC) va dung dich khoan dugc dua ra véi
cac thong s6 chi tiét cho tling giai doan. Tiép dén,
tién hanh phén tich ba moé hinh luu bién Power Law,
Bingham Plastic va Herschel-Bulkley tii nhiing thong
s6 da dugc do, qua d6 danh gia va chon ra mo6 hinh
t6i uu cho mau dung dich khoan dya trén cac thong s6
thong ké bao gom: Sai s6 phan tram trung binh tuyét
d6i (MAPE), sai s6 binh phuong trung binh (MSE) va
hé s6 tuong quan (R?).

VAT LIEU VA PHUONG PHAP THI
NGHIEM

Téng hop vat liéu

DéE tao ra vat liéu hitu co, tién hanh thu thip rac thai
vo cam tii dia phuong d€ phén loai va rtia sach. Sau
khi dé kho, théi nho thanh tiing miéng hinh vudng c6
do dai canh khoang 1 cm d€ thuén 1¢i cho viéc sdy va
xay vét liéu. Chung dugc sdy & nhiét do 80°C trong
48 tiéng bang mdy sdy (Hinh la). BVC sé dugc hinh
thanh khi tién hanh xay bing mdy xay bot kho QE-
500 (Hinh 1b) va cudi cung dugc ray dé€ thu cic kich
thudc hat trong khoang 45-100um (Hinh 1c). BVC,
nudc cit va bentonite 14 nhiing chat dugc st dung
dé chudn bi dung dich khoan phuc vu cho qud trinh
nghién ctiu dugc thé hién trong Hinh 2. Quy trinh
thuc nghiém dugc thé hién & Hinh 3. Céc chét can
thiét dugc dinh lugng bing can dién ttt Explorer Bal-
ances (Ohaus Corporation, Hoa Ky) (Hinh 1d). Hoén
hgp BVC va nudc cit dugce khudy so bd bang thiét bi
(Hinh 1e) d€ han ché viéc tao bot, sau d6 khudy cung
v6ibentonite bing mdy Hamilton Beach (Hinh 1f) v6i
toc do cao 6000 vong/phut trong 30 phut dugc chiia
trong c6¢ nhu Hinh 2. Phén tram khéi lugng ctia cac
chét trong dung dich dugc trinh bay ¢ Bang 3. Thiét
bi Model 800 Viscometer (OFI Testing Equipment,
Inc, Hoa Ky) (Hinh 1g) d€ do d6 nhét sau khi khudy
tron dung dich. T4t ca cac thi nghiém dugc thuc hién
theo tiéu chuén cua Vién ddu khi Hoa Ky (American
Petroleum Institude —API).

M6 hinh Iuvu bién

Luc can thiét d€ duy tri chuyén dong cta chit luu cu
thé thong qua dién tich goi la Ging sudt cit (7):

7 = luc/(dién tich) (1)

Ngoai ra ing sudt cit ¢4 thé dugc tinh bing cong thiic:
7 =56 doc (Ib/100ft?) x 1.067x0.51 (2)

trong do: 1.067 la gid tri chuyén déi tii s6 doc qua ting
sudt cat

0.51 13 hé s6 chuyén déi tit don vi Ib/ 100£t? sang Pa.
T6c do cit y dugc dinh nghia 1a tdc d6 thay d6i van
t6c khi mot 16p chat long di qua mot 16p lién ké chia
cho khodng cach gitia 2 16p chat 1ong dé:

Y = 1.703 xt6c d6 quay (RPM) (3)

v6i 1.703 1a hé s6 chuyén déi tit téc do quay sang tdc
do cit.

C6 rét nhiéu mo hinh phi Newton di dugc dung dé
mo td Ung xU clia dung dich khoan. Nhung trong
nghién ctu nay chi st dung ba mo6 hinh: Power Law,
Bingham Plastic va Herschel-Bulkley. Ba mo hinh nay
mo td méi quan hé gitia ing sudt cat-t6c do cit cua
dung dich khoan. Ngoai ra, nhiing mé hinh nay con
dugc st dung d€ mo ta déc tinh ctia dong chdy nham
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Bang 1: Nghién cuu thé gigi iing dung vat liéu chat thai hitu co lam chat phu gia trong dung dich khoan géc

nuéc

Tai
liéu
tham
khao

Vit liéu

Vo buéi

Vo chudi

Vo khoai tay

Vo quyt

bau bap

Ham lugng
%

0.285, 0.57, 1.425

1,2,3,4

10

20

Cong thtic Tinh luu bién
dung dich khoan
Do nhét déo Giéi han chay
(PV) (YP)
600ml H,O Gidm Gidm
18.6g Bentonite
325.5ml H,O Ting dang k€ Tang ding k& dén
24.5g Bentonite dén 0.285%, sau  0.285%, sau d6 giam
dé6 giam
600ml H,O Tang Giam
0.6g NaOH
36g Bentonite
Tang Tang
340ml H,O Tang Tang
21g Bentonite
340ml H,O
21g Bentonite

Bang 2: Mét s6 nghién ciru (ing dung vat liéu tir chat thai hiru co tai Viét Nam

Tai liéu
tham khéo

16

Vit liéu

Nghién ctiu ting dung pectin ti vo
budilam chit trg keo tu sinh hoc trong
xu ly nudc thai

Sinh khdi tit phu phdm noéng nghiép:
tiém nang va huéng ting dung cho
nang lugng tai tao tai Dong bing song
Ctiu Long

T6ng quan vé tro trdu va kha ning hdp
phu céc chét 6 nhiém hitu co va vo co
trong nudc ctia vat liéu ché tao tu tro
trdu

Hiéu qua ky thuat

Hiéu suét tach chiét Pectin trong vo budi lén dén 87.8%
6 diéu kién t6i uu (pH = 2).

Viéc két hgp PAC va pectin cho hiéu qua xu ly TSS va
COD 1én t6i 91.5% va 65% (cdi thién dédng ké so véi viéc
chi ding PAC)

Két qua nghién ctu cho thdy lugng sinh khéi déi dao
& bong béing song Ctiu Long c6 thé tao ra lugng dién
tuong duong 113000 GWh, chiém 33.4% ca nudc

Nghién ctiu cho théy chéit hip phu chitosan-tro trdu c6
kha nang hép phu dau tho ti nguén nude 6 nhiém dat
20.66 mg/g

Bang 3: Phan tram khéi lugng cac thanh phan trong dung dich

Phén tram

BVC (%)

Bentonite (%)

Nudc cét (%)

khéi lugng Mau A

Mau B Mau C
0.25 0.50
5.00 5.00
94.75 94.50
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(a) May sz?'ly (b) May xay
DBC-05A SK 200

(d) Can dién tir (€) May khudy dién (f) May khudy () Mdydodpnhot
11 Hamilton Beach

Hinh 1: Thiét bi thi nghiém

Hinh 2: Mau thi nghiém trudc khi khudy

Réc thai hitu co
(vo cam)

¥
—
T
Sy va xay L

Canva

. 2 Thu thap Xay dung So sanh
¥ | RNt | B kh“:‘i'c:”"g ®| ssiew |®| mohinn |®| aanhgis

| Ray (45 - 100pm) | o+

— | Nudc |

—

Hinh 3: So d6 quy trinh thuc nghiém
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xdc dinh kha ning thuc hién mot s6 chiic ning cu thé
nhu lam sach giéng khoan, chéng 4n mon, mang cac
hat vun trong qud trinh khoan 1én bé mit va tinh toan
thuy luc.

Mo hinh Power Law (PLM) thé hién thong qua:

T=K(y)" (4)

trong d6 n 1a chi s6 ng xt dong chdt long (flow be-
havior index) biéu thi xu hudng ting xti ctia chit long
va khong c6 thtt nguyén, K la hé s6 dong nhét (con-
sistency coeflicient) dong vai tro la chi s6 d6 nhét ctia
hé théng c6 don vi 14 Ib.sec”/100ft> hodc Pa.s™. Khin
< 1 thu dugc chét long & dang shear-thinning va khi
n > 1 cho dang shear-thickening 19,

M6 hinh Bingham Plastic (BPM) dugc trinh bay véi
cong thic:

T=YP+PV(y) (5)

trong d6: YP (yield point) la giéi han chay, don vi
1b/100ft> hoic Pa

PV (plastic viscosity) la d0 nhét déo, don vi cP hodc
Pa.s

Mo rong ra, su két hgp cia mod hinh Power Law
va Bingham Plastic ciing nhu goi la m6 hinh Power
Law cai tién tyu chung la cich d€ néi dén mo hinh
Herschel-Bulkley2°.

M6 hinh Herschel-Bulkley (HBM) dugc gidi thiéu
qua:

T =Ty + Kypy"'® (6)

trong d6 7, la ting sudt cang (Herschel-Bulkley yield
stress) c6 don vi Pa, KHB (don vi: Pa.s”) la chis6 dong
nhat (Herschel-Bulkley consistency index) con nHB
la chi s6 ting xti dong chit1ong (Herschel-Bulkley flow
behavior index). Khi 7 > 7yp thi phuong trinh (6) c6
thé ding dugc?!.

Chi s6 do luong dé chinh xac

Céc chi s6 thong ké sau day da dugc stt dung dé dy
dodn muc d¢ sai léch ctia tling m6 hinh luu bién so
v6i ting sudt cit do dac.

1. Gid trj sai s6 binh phuong trung binh (MSE) dugc
cho bdi cong thic:

MSE =

S| =

n
2
Z (Tmeasured - Tcalculated) (7)
1

2. Gid tri sai s6 phan tram trung binh tuyét doi
(MAPE) dugc thé hién bing cong thic sau:

MAPE =

1 i | Tmeasured — Vcalculated ‘ % 100 (8)
n
1

Tmeasured

3. Gia tri hé s0 tuong quan (R?) dugc tinh bang cong
thic:

R2=1-

2
X (Tmeasured - Tcalculated) (9)

2
) ( Tmeasured — ( Tmeasure )ave )

Trong do6:

Tneasured - Ung sudt cit do dac

Tealculated - Ung sudt cit tinh todn

(Timeasured) ave * trung binh ing sudt cat do dac

KET QUA VA THAO LUAN

Nhu dugc trinh bay ¢ Bang 4, nhiing thong s6 dugc
do dac dua trén viéc phén tich PLM (n, K), BPM (PV,
YP) va HBM (Typ, nyp, Kyp) tai cdc mau dung dich
khoan trong diéu kién nhiét d6 phong.

Phan tich tinh chat luu bién mau A

Bang 5 trinh bay két qua dat dugc véi cac chi s6 tu
may do d¢ nhét 6 mau A. Phuong trinh (2) 4p dung
dé tinh ting sut cat do dac tu s6 doc. Téc do cit dugc
tinh bing cong thtc tit phuong trinh (3). V6i hé s6
nhdt quan K = 14.78 Pa.s", chi s6 ting xti dong chay
n = 0.04, gi6i han chdy YP = 16.47 Pa, d6 nhét déo
PV =0.0051 Pa.s, ting suét 7, = 16.75 Pa, chi s6 nyp
= 1.41, chi s6 déng nhit Kyp = 0.0003 Pa.s" dugc ldy
ti Bang 4. Tu do, xay dung dugc phuong trinh ting
sudt cit tinh todn clia miu A:

PLM : ©=14.78(y)"™;
BPM : ©=16.47+0.0051y;
HBM : T =16.75+0.0003y'41

Phan tich tinh chat luu bién mau B va C

Viéc thém vao BVC v6i ham lugng 0.25% va 0.5%
tuong ting & mau B va C, ¢4 thé thiy dugc anh hudng
ctia loai vatliéu nay 1én tinh chét ctia dung dich khoan
bentonite. D&i véi hé dung dich khoan thong thudng,
khodang gid tri t6i uu cho chi s6 n dao dong tit 0.2 dén
0.922. V&i md hinh Power Law, chi s6 tng xt dong
chay n ting dang ké ti 0.04 (Mau A) 1én 0.157 & mau
¢6 ham lugng 0.50% BVC, c6 thé théy viéc thém BVC
da tdc dong chi s6 n theo hudng ting din dén khoang
gid tri téi uu néu trén. Ngugc lai, hé s6 nhit quan K ¢
xu huéng gidm manh con 4.42 Pa.s" 6 mau C, so v6i
14.78 Pa.s" ctia mau A ban ddu (Bang 4). Bén canh
do, cac thong s6 PV va YP tii mé hinh Bingham Plas-
tic cling thay d&i khi c6 sy xuét hién ctia BVC. Gid
tri YP anh huéng khong nho dén kha nang bom cua
dung dich khoan va gay ra sy that thodat 4p suit, vi
vay YP trong khoang 10 - 25 1b/100ft hay 5.1 - 12.75
Pa dugc xem la khodng gid tri 6n dinh d6i véi qud
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Bang 4: Cac théng sé ciia ba mé hinh Power Law, Bingham Plastic va Herschel-Bulkley

M0 hinh Thong s6 Mau A Méau B Mau C
(0% BVC) (0.25% BVC) (0.50% BVC)

Power Law 0.04 0.12 0.157

K (Pa.s") 14.78 6.31 4.42
Bingham Plastic YP (Pa) 16.47 9.08 7.33

PV (Pa.s) 0.0051 0.0073 0.0077
Herschel-Bulkley T, (Pa) 16.75 8.94 6.95

nHB 1.41 0.91 0.80

KHB (Pa.s") 0.0003 0.0136 0.0311

Bang 5: Cac chi s6 tit may do d6 nhét  mau A
Téc dd quay  S6 doc T6c 36 cit Ung sudt cit  Ung sudt cit tinh todn
do dac
PLM BPM HBM

(RPM) (Ib/100£t) (shH (Pa) (Pa) (Pa) (Pa)
600 43 1021.80 21.97 19.64 21.69 22.01
300 37 510.90 18.90 19.09 19.08 18.73
200 35 340.60 17.88 18.77 18.21 17.86
100 33 170.30 16.86 18.25 17.34 17.17
60 33 102.18 16.86 17.87 16.99 16.95
30 33 51.09 16.86 17.37 16.73 16.82
6 33 10.22 16.86 16.26 16.52 16.75
3 33 5.11 16.86 15.80 16.49 16.75

trinh khoan??. Cuy thé, § ham lugng 0.25% va 0.5%
BVC, gid tri YP tuong ting 1a 9.08 va 7.33 Pa, giam
hon mot nta so v6i YP ciia mau dung dich khoan ban
dau. So vdéi thong s6 YP, két qua tit Bang 4 cho thdy
gid tri ctia PV tdng nhe ti 1é v6i ham lugng BVC thém
vao va dat gia tri 16n nhéit & mau C (0.50% BVC) véi
0.0077 Pa.s. Xu hudng ting ctia PV ¢6 thé dén ti sy
gia ting ham lugng hat rén c6 trong dung dich khoan
gdc nudc, diéu do gy ra tén that dp sudt do ma sit

trong giai doan d4u ctia qué trinh khoan?.

Bang 6 trinh bay két qua dat dugc véi cac chi s6 tu
mady do d¢ nh6t & mau B. Tt phuong trinh (2) va (3)
14n lugt tinh dugc ting suit cit do dac tii s6 doc va téc
d0 cit. V6i hé s6 nhét quan K = 6.31 Pa.s”, chi s6 tng
xu dong chay n = 0.12, gidi han chay YP = 9.08 Pa, d6
nhét déo PV = 0.0073 Pa.s, ting sudt 7, = 8.94 Pa, chi
s6 nyp = 0.91, chi s6 dong nhit Kyp = 0.0136 Pa.s”
dugc 14y tit Bang 4. Qua d6, xay dung dugc phuong

trinh ting sudt cit tinh toan ctia méau B:

PLM: t=6.31 (}’)0'12;
BPM : ©=9.08+40.0073y;
HBM : 7 =28.94+0.0136y0-0136

Tuong tu, c6 thé tinh dugc tng sudt cit do dac tit s6
doc va t6c d6 cit & mau C dya trén phuong trinh (2),
(3) va két qua cac chi s6 tit mdy do do nhét tii Bang 7.
Bén canh d6, ting suat cat tinh toan cia mau C ciing
dugc biéu dién qua phuong trinh sau:

PLM : ©=4.42(y)"%7;
BPM : T=7.33+0.0077y;
HBM : ©=6.95+0.0311y%80

So sanh cac mé hinh luu bién

Nhu dugc trinh bay ¢ Hinh 4(a), Hinh 5(a) va
Hinh 6(a), gid tri ting sudt cit tinh todn ti PLM thdp
hon gié tri do tai tdc do cit cao va thdp. Do do, két
qua tii PLM khong thé hién chinh xdc ting xt cta
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Bang 6: Cac chi sé tir may do dé nhét § mau B

Toc d6 quay S8 doc Toc d6 cit Ung sudt cat  Ung sudt cit tinh todn
do dac

PLM BPM HBM
(RPM) (Ib/100ft%) (s (Pa) (Pa) (Pa) (Pa)
600 32 1021.80 16.35 14.35 16.59 16.47
300 26 510.90 13.28 13.22 12.83 12.95
200 23 340.60 11.75 12.60 11.58 11.71
100 20 170.30 10.22 11.60 10.33 10.41
60 19 102.18 9.71 10.92 9.83 9.86
30 18 51.09 9.20 10.06 9.46 9.43
6 18 10.22 9.20 8.31 9.16 9.05
3 18 5.11 9.20 7.65 9.12 9.00

Bang 7: Cac chi sé tir may do dé nhét & mau C
T6c 4o quay S8 doc T6cdocat  Ung suét cat do  Ung sudt cit tinh todn
dac

PLM BPM HBM
(RPM) (Ib/100ft?) () (Pa) (Pa) (Pa) (Pa)
600 29 1021.80 14.82 13.11 15.17 14.89
300 23 510.90 11.75 11.76 11.25 11.51
200 20 340.60 10.22 11.03 9.94 10.25
100 17 170.30 8.68 9.89 8.64 8.85
60 16 102.18 8.17 9.13 8.11 8.21
30 15 51.09 7.66 8.19 7.72 7.68
6 14 10.22 7.15 6.36 7.41 7.15
3 14 5.11 7.15 5.71 7.37 7.07

dung dich khoan ctia ba mau tai téc d¢ cat thdp khi
dung dich ndm trong khoang khéng vanh xuyén va
& t6c do cat cao khi dung dich tii trong ¢t can di ra
ngoai choong khoan?4. Trong khi d6, BPM va HBM
thé hién dugc chinh xdc ting xt ctia dung dich & ca
hai truong hop so véi gia tri do. Hinh 4(b), Hinh 5(b)
va Hinh 6(b) cho thdy gia tri cia HBM & ca ba méu
déu tiém cén v6i dudng thing X = Y hon so véi PLM
va BPM. Diéu nay thé hién gid tri ung sudt cit tinh
todn tit HBM gan gidng véi gid tri ing suit cit do dac.
Trong khi d6, cac gia tri cia PLM ¢6 xu huéng léch ra
xa so v6i duong X =Y, nguyén nhén la do c6 su sai
léch gitia két qua tinh toan va két qua do dac.

Sai s6 binh phuong trung binh (MSE), sai s6 phan
tram trung binh tuyét d6i (MAPE), hé s6 tuong quan
(R?) duogc tinh ti cong thtc (7), (8), (9) d€ dinh gia

muic do sai léch két qua tinh todn tng suét cit ti hai
mo hinh so véi gid trj Ging suét cat do dac. Hinh 7 cho
théy gia tri MAPE & PLM dao dong tui 5.45 - 10.49%,
cao hon rat nhiéu so vdi s6 liéu sai s6 thu duoc tiit BPM
va HBM, tuong ting véi gid tri sai s6 cao nhat la 2.25%
tai miu C va 1.68% tai mau B. Diéu nay cho thédy gid
tri ing sudt cat tinh toan dugc tii HBM gan dung hon
so v6i gid tri do dac. Tuong ty, Hinh 8 thé hién gid
tri MSE & PLM cao hon so v6i BPM va HBM. Coé thé
khing dinh ring PLM khong thuc sy t6i uu trong viéc
tinh todn ng sudt cat ing v6i ba mau trong nghién
ctiu nay. Hon thé niia, BPM ¢4 sai s6 binh phuong
trung binh kha thap tir 0.05-0.09, con s6 chi & khoang
0.01-0.04 thu dugc tai HBM qua d6 thé hién dugc do
chinh x4c cao d6ng thai udc lugng gia tri ting sudt cit
x4p xi so véi gi4 tri do dac. R? 1a gia tri d€ dénh gi4
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d6 chinh x4c ctia cdc m6 hinh 2. Ngugc lai véi MSE
va MAPE, Hinh 9 thé hién gid tri hé s6 tuong quan &
PLM thép hon so v6i BPM va HBM.

=BPM =PLM HBM

12 1022 10.49

Sai s6 phan tram tuyét dbi trung binh

M&u A (0% BVC) MU B (0.25% BVC)  MAu C (0.50% BVC)

Hinh 7: Gia tri MAPE & ba mau

20 =BPM  =PLM =HBM

1.6 1.37

Sai 56 binh phurong trung binh
MSE

MiuA (0% BVC)  MAuB(0.25%BVC)  MiuC (0.50% BVC)

Hinh 8: Gi4 tri MSE & ba mau

1.0
08
0.4
02
0.0

Méu A (D% BVC) Mau B 10 25% BVC) MiuC (D 50% BVC)

Hg sé tuong quan (R?)
°
>

=PLM D 5374 0 7631 U 8395
HBM 0.9930 0.9934 0.9981

Hinh 9: Gia tri hé s6 tuong quan (R?) & ba mau

KET LUAN

Panh gia dugc tién hanh cho ca ba méu dung dich
khoan g6c nuéc d€ lya chon mé hinh luu bién phu
hgp va du doan chinh xdc Gng sudt ct bang cich
sti dung ba mo hinh Iuu bién Power Law, Bingham
Plastic va Herschel-Bulkley cung véi viéc st dung ba
thong s6 thong ké dé tinh todn ting sudt cit gdn nhit
so v6i ting sudt cat do dac.

Mot vai két ludn chinh dugc ruat ra tit danh gia:

o M0 hinh Herschel-Bulkley dy dodn chinh xac
cdc ting xt ctia dung dich khoan hon mé hinh

Power Law va Bingham Plastic ngay ca khi c6 su
c6 mat BVC véi ham lugng ting din dya trén
cac thong s6 thong ké MSE, MAPE, va R2. Piéu
nay giai thich cho viéc Iy do Herschel-Bulkley 1a
mdt mo hinh céi tién ctia mo6 hinh Power Law 2’

o MO hinh Power Law dua thdng tin chinh xéc
hon tai diéu kién t6¢ do ct thap nhung c6 mot
bat lgi tai diéu kién t6¢c do cit cao.

« M0 hinh Bingham Plastic du doan khong chinh
xdc ting xt dong chdt 1ong tai téc do cat thap.

Vit liéu bot vo cam c6 anh hudng tich cuyc 1én dung
dich khoan gitp lam tang chi s6 n dén khoang t6i
du (tit 0.2 dén 0.9)?? ctia dung dich khoan va lam
gidm gid tri YP han ché viéc t6n hao dp suit khi bom
nhung van trong khoang gié tri chip nhén dugc (10
- 25 1b/100ft? hay 5.1 - 12.75 Pa)?3 van c6 kha ning
mang theo cac hat. Tuy nhién gid tri PV ¢6 xu hudng
tang nhe, diéu nay gy ra ton that 4p suit do ma st
trong giai doan d4u ctia qué trinh khoan?.

LOI CAM ON

Chung t6i xin cam on Trudng Pai hoc Bach Khoa,
DHQG-HCM d4 hd trg nghién ctu nay.

KY HIEU VIET TAT

MSE Sai s6 binh phuong trung binh (Mean Squared
Error)

MAPE Sai s6 phén tram trung binh tuyét d6i (Mean
Average Percentage Error)

RZ Hé s6 tuong quan (Coeflicient of Determination)
n Chi s6 ting xtt dong chéy (Flow Behavior Index)

K Hé s6 nhét quan (Consistency Coeflicient)

YP Gi6i han chay (Yield Point)

PV D¢ nhét déo (Plastic Viscosity)

7 Ung sudt cat (Shear stress)

¥ T6c d0 cét (Shear rate)

T, Herschel-Bulkley yield stress

Kgp Herschel-Bulkley consistency index

ngp Herschel-Bulkley flow behavior index

BVC Bot vo cam (Organe Peel Powder)

PLM M6 hinh Power Law (Power Law model)

BPM M6 hinh Bingham Plastic (Bingham Plastic
model)

HBM M0 hinh Herschel-Bulkley (Herschel-Bulkley
model)

XUNG DOT LOI1iCH

Tap thé tic gid cam doan bai bdo nay 1a cong trinh
nghién ctiu cta tip thé tac gid, chua dugc cong b &
déu, khong sao chép lai cac bai nghién ctiu trude day;
khong c6 sy tranh chdp lgi ich d6i véi bat ki cd nhén,
€0 quan, t6 chic nao.
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Hinh 4: M&i quan hé mau A giira: (a) (ing suat ct va téc do cat; (b) ing suat cat tinh toan va (ng suat cat do dac
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Hinh 5: M6i quan hé mau B gilfa: (a) Ung sudt cat va toc do cat; (b) iing sudt cat tinh toan va ting suat cat do dac
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Hinh 6: M&i quan hé mau C gilia: (a) Ung suat cat va téc dé cat; (b) iing suat cat tinh toan va (ng suat cat do dac

PONG GOP CUA CACTACGIA

binh Phuéc Hiu va Ly Trung Hiéu dua ra y tudng,
thu thép di liéu, va viét ban thdo. Trdn Hiiu Phudc
va Lé T4n Phét thu thap di liéu, phan tich va viét ban
théo. Trin Trung Diing, Hoang Trong Quang va Tran
Nguyén Thién Tam da dong g6ép dinh hudng nghién
ctu va chinh stta ban thdo. Lé Nguyén Hai Nam da
déng gop y tudng, giam sat, phan tich va viét ban thao.
T4t ca céc téc gid da doc va duyét ban thdo cudi cung.
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Selecting an Appropriate Rheological Model for Environmentally
Friendly Water-Based Drilling Fluid

Dinh Phuoc Hau'-2, Le Tan Phat'2, Tran Huu Phuoc'?, Ly Trung Hieu'-2, Tran Trung Dung'-,
Hoang Trong Quang'2, Tran Nguyen Thien Tam"2, Le Nguyen Hai Nam'%"

ABSTRACT

A vital component of oil and gas drilling operations is drilling fluid. Water-based drilling fluids have
been enhanced with organic-based components to encourage the protection of the environment
and sustainable development. Recently, materials derived from orange peels have been studied
and found useful in improving the quality of water-based drilling fluids. This study examined math-
ematical models to describe the rheological properties of water based drilling fluids incorporating
orange peel powder in various concentration. Selecting a suitable rheological model facilitates the
estimation of pressure losses and enables more precise hydraulic calculations. Three rheological
models, namely Bingham Plastic, Power Law and Herschel-Bulkley, were investigated. To assess the
accuracy of the models compared to experimental data obtained in the laboratory, performance
metrics including Mean Absolute Percentage Error (MAPE), Mean Squared Error (MSE), and Coeffi-
cient of Determination (R2) were employed. The results indicate that the rheological behavior of
drilling fluids incorporating orange peel powder can be adequately represented by the Herschel-
Bulkley model, exhibiting the highest R? value, lowest MAPE and MSE values when compared to
the Power Law model and Bingham Plastic model.

Key words: Rheological model, Environmentally friendly material, Orange peel powder, Water
based drilling fluid

'Department of Drilling and Production
Engineering, Faculty of Geology and
Petroleum Engineering, Ho Chi Minh
City University of Technology
(HCMUT), 268 Ly Thuong Kiet Street,
District 10, Ho Chi Minh City, Vietnam

*Vietnam National University Ho Chi
Minh City, Linh Trung Ward, Thu Duc
City, Ho Chi Minh City, Vietnam

Correspondence

Le Nguyen Hai Nam, Department of
Drilling and Production Engineering,
Faculty of Geology and Petroleum
Engineering, Ho Chi Minh City
University of Technology (HCMUT), 268
Ly Thuong Kiet Street, District 10, Ho
Chi Minh City, Vietnam

Vietnam National University Ho Chi Minh
City, Linh Trung Ward, Thu Duc City, Ho
Chi Minh City, Vietnam

Email: Inhnam@hcmut.edu.vn

History

e Received: 30-9-2023

o Accepted: 15-1-2024

o Published Online: 31-12-2024

DOI :10.32508/stdjet.v6iS17.1252

‘ '.) Check for updates

Cite this article : Hau D P, Phat L T, Phuoc T H, Hieu L T, Dung T T, Quang H T, Tam TN T, Nam L N H. Se-
lecting an Appropriate Rheological Model for Environmentally Friendly Water-Based Drilling Fluid.
Sci. Tech. Dev. J. - Engineering and Technology 2024; 6(S17):145-155.

155



	Lua_chon_mo_hinh_luu_bien_phu_hop_cho_dung_dich_khoan_goc_nuoc_co_su_dung_vat_lieu_than_thien_moi_truong-2025-04-26-02-04
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	So sánh các mô hình lưu biến
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