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TOM TAT

Trén co sé tong hop va phén tich cac tai liu do nhém téc gia thu thap, nghién ctru nay lam rd co so ky
thuat ctia cong nghé HIWAY trong niit via thily Iyc. Két qua nghién ciru cho thay gia tri cia HIWAY khong
chi ndm ¢ viéc giam luong vat liéu chén, ma quan trong hon 14 & cach t6 chirc vat liéu chén (proppant)
thanh cac cum d& xen k& vai cac kénh dong chay, qua d6 nang cao kha niang dan dong ctia khe nut, kéo dai
chiéu dai ntt hidu qua va giam ton that ap suat trong khe nurt. Viéc phén tich cac truong hop ung dung tai
Nga, Ai Cép, Argentina, Mexico va Hoa Ky cho thay cong nghé nay c6 kha nang gia tang san luong, han
ché hién tugng che 1ap khe nt, giam hién tuong vt liéu chén chay ngugc vé giéng va tiét giam nudc ciing
nhu vat liéu chén khi duoc thiét ké phu hgp véi diéu kién via. Tuy nhién, hi€u qua cua HIWAY phy thudc
dang ké vao co tinh d4, thiét ké ban mé via, chat lwong hoan thién giéng va nang lyc kiém soat qua trinh
bom ép. Tir goc do tmg dung, nhom tac gia kién nghi Viét Nam nén tiép can HIWAY theo 16 trinh sang
loc, thi diém va danh gia sau xir 1y, vu tién d6i véi cac d6i tugng c6 d6 thim thip, nhu cau dan dong cao
va chi phi hau can 16n.

Tir khoa: HIWAY ; Nut via thuy lyc; Kha nang dan dong cua khe nut; Vat li¢u chén; Téi wu khai théc.

1. it van dé

Trong hoat dong khai thac dau khi hién nay, nut via thuy luc chi thye sy phat huy hiéu qua khi hé khe
nut sau xur ly duy tri duge kha nang dan dong on dinh va ben virng theo thoi gian. Dbi véi cac ting chura cé
do tham thap, vung can day giéng bi t6n hai hodc nhiing giéng can gia tang chiéu dai nut hiéu qua, vén dé
¢dt 161 khong con ndm & viée ¢6 tao duge khe nirt hay khong, ma nam & viée khe nut sau xu ly co dan dong
hiéu qua hay khong. Vi vay, cac giai phap nit via hién dai phai ddng thoi giai quyét ba yéu cau: duy tri do
mo khe nut, giam ton that 4p suat doc khe nit va han ché rui ro k¥ thuét trong qua trinh bom ép
(Schlumberger, 2023; Gillard va nnk., 2010).

Trong so cac cong nghé theo huong ndy, HIWAY dugc xem la mot giai phap dang chi y vi chuyén trong
tam tir viéc ting khdi lugng vat liéu chén sang viéc t6 chirc lai khong gian dong chay trong khe nit. Day la
diém khéc biét c6 ¥ nghia thyc tién ddi v6i cac mo ma hiéu qua khai thac bi chi phdi manh boi kha nang
dan dong cua khe nut sau xur 1y, nguy co che l4p khe nit va chi phi hau can cho nuéc, cat bom ép
(Schlumberger, 2023).

Bén canh cac bao cio tmg dung thyuc dia ban dau, nhiéu nghién ciru tiép theo ciing da bd sung co s¢ khoa
hoc cho cong nghé nay. Céc két qué thi nghiém, mé phong va ti vu tham sé cho thay hiéu qua cta nit via
tao kénh phu thudc chat ché vao co ché phén b6 vt lidu chén theo chu ky, do bén con lai cua cac tru chéng
d& dudi ing suat dong, ciing nhu sy can bang giita nong do proppant, thoi gian xung bom va hinh hoc khe
nit. Nhitng phan tich nay cho thay HIWAY khong chi 1a mot giai phap van hanh ngoai hién truong, ma
con 1a mot hudng phat trién co nén tang co hoc va mé hinh hoa rd rang, phu hop dé tiép tuc nghién ctru ddi
v6i cac dbi tuong via chit sit, via suy gidam 4p suét va cdc cAu hinh giéng doi hoi kha nang din dong cao
sau xu ly (Malhotra va nnk., 2014; Hou va nnk., 2016; Khanna va nnk., 2017; Ning va nnk., 2020; Xiang
va Li, 2023).

Tir bdi canh d6, bai viét tap trung phan tich cong nghé HIWAY nham 1am 13 co sé ky thuat cia co ché
tao kénh dan dong, danh gia cac két qua Gmg dung thuc dia va xem xét kha ning van dung cho diéu kién
mo dau khi & Viét Nam. Cach tiép can nay gitip bai viét khong chi dimg ¢ murc mo ta cong nghé ma con
huong dén viéc 1y giai vi sao HIWAY phat huy hiéu qua trong mot s0 do6i tuong mo nhét dinh va can dugc
tiép can nhu thé nao khi dua vao diéu kién thuc té trong nudc. Sy khac biét vé nguyén 1y giira nirt via thong
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thudng va nut via véi cong nghé HIWAY duoc minh hoa & Hinh 1 (Schlumberger, 2023; Kayumov va
nnk., 2012; Sadykov va nnk., 2012; Gawad va nnk., 2013).

via thong throng Nt via véi cong nghé HIWAY
Hinh 1. So sanh nit via thong thwong va nut via voi cong nghé HiWAY.
2. Co s Iy thuyét va phwong phap nghién ciru
2.1. Co s Iy thuyét

V& mat co ché, ntt via thuy luc truyén thong thuong boc 16 bon han ché nén tang. Thir nhét 14 hién tuong
vét lidu chén chay nguoc vé giéng sau xir Iy, lam suy giam hiéu qua chéng d& khe nit. Thi hai 1a nguy co
che 14p khe nut khi vat liéu chén tich tu cuc bd gan ving ban mé via hoic trong khe nut, gy mat on dinh
qua trinh bom ép. Thur ba 1a sy phu thugc 16n vao lugng vat liéu chén, kéo theo chi phi hau can va rii ro
van hanh cao hon. Thir tu 1a chidu dai nirt c6 chén khong ddng nghia vai chidu dai nit thuc sy tham gia
dan dong, vi mot phén khe nut van bi gidi han boi 1am sach kém, ton hai dung dich hoac ton thét ap suét
16n (Schlumberger, 2023; Gillard va nnk., 2010).

Trén nén tang d6, HIWAY duoc phat trién theo hudng tao kénh dan dong c¢é ciu trac bén trong khe nit.
Thay vi phan bd vat liéu chén gﬁn nhu lién tuc trén toan bo bé rong khe nit, cong nghé nay t chirc vat lidu
chén thanh cac cum d& xen k& khoang tréng dan dong. Két qua 1a dong chét luu tir via c6 thé di chuyén
theo cac dudng wu tién co stic can thap hon, qua d6 nang cao kha ning dan dong clia khe niit va giam ton
that ap suit doc khe nut; nguyén ly nay duoc thé hién ¢ Hinh 2 (Schlumberger, 2023; Gillard va nnk.,
2010).

Co s6 1y thuyét cia HIWAY ciing gin v6i quan niém rang hiéu qua kich thich via khong chi 1a ham ciia
téng lugng vat liéu chén dugc bom vao, ma con 1a ham cua cach vat liéu do dugce s.'flp xép trong khe nut.
Vi vay, viéc danh gia cong nghé can dat trong moi quan hé gitra cAu trac bom ép, do on dinh cia cum vat
liéu chén, chién lugc bin mé via, diéu kién dia co hoc va hiéu qua khai thac sau xtr Iy (Schlumberger, 2023;
Gillard va nnk., 2010).

Conventional fracturing HiWAY channel fracturing

. Hydrocarbons now flow through the |
= infinitely conductive channels.

Hinh 2. Minh hoa nguyén Iy tao kénh dan dong va t6 chirc vt liéu chén trong cong nghé HiWAY.
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2.2. Phwong phdp nghién ciru

Bai viét st dung phuong phap nghién ctru tai liéu két hop v6i phan tich so sanh. Trude hét, nhom tac gia
tong hop thong tin ky thuat vé diéu kién ap dung, céu phan cong nghg, co ché dan dong va cac chi tiéu van
hanh tir b bao cdo k¥ thuat dugc st dung lam tu li€u nén (Schlumberger, 2023). T1ep theo, cac tai liéu SPE
lién quan dén nhiing truong hop g dung tiéu biéu dwoc ddi chiéu nham kiém tra tinh nhét quan cua cac
nhan dinh k¥ thuat va cac két qua thuc dia (Kayumov va nnk., 2012; Sadykov va nnk., 2012; Gawad va
nnk., 2013; Gillard va nnk., 2010).

Trén co s& ngudn tai liéu ndy, nhom tac gia tién hanh phan tich theo ba budc: (i) nhan dién han ché cia
nut via truyén théng va co so ky thuat cia HIWAY; (ii) so sanh cac két qua tmg dung ¢ nhiéu khu vuc khac
nhau dé xac dinh quy luat chung; (iii) thao luan kha nang van dung d6i v6i diéu kién Viét Nam trén ca khia
canh k¥ thuat, hau can va hiéu qua kinh té so by. Phuong phap nghién ctru cht yéu mang tinh dinh tinh,
nhung c6 str dung cac s6 liéu dinh luong xuét hién trong cac nguén tai lidu dé hd trg 1ap luan (Schlumberger,
2023; Kayumov va nnk., 2012; Sadykov va nnk., 2012; Gawad va nnk., 2013).

3. Két,qué va thao ludn_ ) ) .
3.1. Két qud phdn tich vé co ché va cau phéan ky thudt ciia HIWAY

Két qua nghién ciru cho thiy gia trj cdt 18i cia HIWAY nam ¢ viéc to chtre lai khong gian dong chay
trong khe nut. Dit liéu k¥ thuat cho thdy cong nghé nay khéng nhim muc tiéu gia ting hiéu qua bang cach
bom nhiéu vét liéu chén hon, ma bang cach hinh thanh cac cum vat liéu chén xen k& véi cac kénh dong
chay. Chinh ciu trac nay giip gia tang kha nang dan dong cua khe nut, keo dai chiéu dai niit hiéu qua va
giam ton that ap suat so voi cach tiép can truyén théng. Cau trac hé thdng bé mat va nguyén 1y bom vt liéu
chén theo chu trinh dugc minh hoa & Hinh 3 (Schlumberger, 2023; Gillard va nnk., 2010).
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Hinh 3. Cdu triic hé thong bé mat va nguyén Iy bom vt liéu chén theo chu trinh trong céng nghé HiWAY.

Phan tich tiép theo cho thiy hiéu qua cua HIWAY chi xuét hién khi cac hop phan ky thuat dugc dong
b6. O cip d6 bé mit, bom cao ap va ché do bom vat lidu chén theo chu trinh 1a diéu kién quan trong dé hinh
thanh c4u trac kénh chay. O ce‘ip do6 trong via, do bén cua cAu trac phu thudc vao do cung vét liéu chen, cAu
tric b tri 16p vat liéu chén cudi cung trong thiét ké nirt via, kha nang lam sach va mirc d duy tri hinh hoc
ctia kénh sau khi déng tmg suét. Ngoai ra, chién luge bin mo via va chit lugng hoan thién giéng giir vai
tro quyét dinh di voi kha nang két ndi thuy Iuc gitra giéng va hé khe nGt, nhu minh hoa ¢ Hinh 4
(Schlumberger, 2023).

Mot két qua dang chu y khac 1a HIWAY cho thdy kha nang nang ty 1¢ chiéu dai nut hiéu qua trén chidu
dai nat c6 chén 1én khoang 85-90%, trong khi cong nghé truyen théng thuong chi dat khoang 50-70% (Hinh
5). Biéu d6 co nghia 1a cing mot pham vi nit duge chdng d&, HIWAY c6 kha ning bién phan 16n chiéu
dai d6 thanh ving thyc sy tham gia dan dong. Tir goc d6 t6i wu khai thac, day 1a mot chi s6 c6 y nghia hon
viéc chi so sanh téng luong cat hodc thé tich dung dich bom ép (Schlumberger, 2023).
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Conventional fracturing

HIWAY channel fracturing

Perforations for HIWAY
channel fracturing are
engineered to promote
channel formation.

Hinh 4. Phuong dn ban mé via va dinh hwéng hoan thién giéng khi dp dung cong nghé HiWAY.
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Hinh 5. So sanh chiéu dai nitt hiéu qua gitta phwong phdp truyén thong va cong nghé HiwAY.

Bdng 1. Mot s6 diéu kién kj thudt chi phoi hiéu qud ciia cong nghé HiWAY

Nhém yéu td

Noi dung chinh

Y nghia dbi véi hiéu qua cong nghé

Bé& mit va bom ép

Bom cao ap, bom vat li¢u chén
theo chu trinh

Tao tién d& hinh thanh cac cum vt liéu chén
xen k& kénh dong chay (Schlumberger,
2023).

Trong khe niit

Do clng vat liéu chén, kich
thudc hat, kha nang lam sach

Quyét dinh do bén cua cu tric kénh chay
sau khi dong ting suat (Schlumberger, 2023;
Gillard va nnk., 2010).

Hoan thién giéng

Chién lugce ban mé via, mac do
ket noi gitra gieng va khe nirt

Anh huong tryc tiép dén kha nang khai thac
loi thé dan dong cia HiWAY (Schlumberger,
2023).

Thiét ké tong thé

Lua chon déi tugng, mo hinh dia
co hoc, kiém soat van hanh

Quyét dinh lidu hidu qua k¥ thuat c6 chuyén
hoéa thanh hiéu qua khai thac hay khong
(Schlumberger, 2023; Kayumov va nnk.,
2012; Sadykov va nnk., 2012).
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3.2. Két qua tir cdc trwong hop trng dung thwe dia

Viéc dbi chiéu cac truong hop ung dung cho thdy HIWAY phat huy hi¢u qua rd hon ¢ nhing noi ma
kha nang dan dong ctia khe ntt 14 nut that chi phdi san lwong sau xur 1y. O Téy Siberia, cong nghé giup ting
hé s6 thu hdi dau khoang 15% sau hai nam va giam khoang 40% vt liéu chén cho mdi giai doan xtr Iy
(Schlumberger, 2023; Kayumov va nnk., 2012). Tai m6 Taylakovskoe, san lwong dau ting khoang 44%,
tuong duong tang thém 121 thung/ngay/, giéng, ddng thoi dat ty 18 dua vat lidu chén vao via thanh cong rat
cao (Schlumberger, 2023; Sadykov va nnk., 2012).

Tai phia tdy sa mac Ai Cap, cong nghé cho thay hiéu qua ndi bat trong viéc gia ting san luong thu hoi
dau, dong thoi giam that thoat vat liéu chén va cai thién kha ning kiém soat qua trinh bom ép (Schlumberger,
2023; Gawad va nnk., 2013). Céc thong sb via dic trung ctia truong hop Ai Cap duoc tém tit trong Bang
2. O Argentina, san luong khi tang khoang 53% va hé s6 thu hoi tang trung binh 15% dbi v6i nhom giéng
dugc ap dung. Trong khi do, cac trudng hop tai Mexico va Eaglevﬂle cho thdy HIWAY van c6 thé tao cai
thién san lugng dang ké trong cac ciu hinh giéng phirc tap hodc giéng ngang, di kem voi xu hudng giam
luong nude va vat lidu chén tiéu thu. Két qua ing dung tai cic khu vuc duge tong hop trong Bang 3
(Schlumberger, 2023).

Bdng 2. Piéu kién via ciia truong hop vmg dung HiWAY tai phia tdy sa mac Ai Cdp (Schlumberger, 2023;
Gawad va nnk., 2013).

Théng sb Gid tri theo h¢ mét Gid tri theo h¢ Anh
Loai thanh hé Cat két Cat két
Chiéu sau thang dung (TVD) 1.500-2.100 m 5.000-7.000 ft
D6 tham 1-10 mD 1-10 mD
Do rong 15-34% 15-34%
Ap suat day giéng (BHP) 14-17 MPa 2.000-2.500 psi
Nhiét d6 day giéng (BHST) 70-90°C 160-190°F
= 9,000
-_% 8.000 ®m Channel Frac 199%
_g = 7:000 | = Conventional
L,:% = 6,000 - 160%
o i 5,000 -
é 5 4,000 -
g 8 |
% = 3,000 17%
S 1,000 - +
2 0 -

45 days 90 days 180 days 250 days

Bdng 3. Tom tdt két qua iing dung HiWAY tai mét sé khu vue.

Khu vue Poi twong ap dung Két qua ndi bat Nguon

Tang khoang 15% hé s thu hoi dau (Schlumberger,
Tay Siberia, Nga Cat ket ap suat thap sau 2 nam; giam khoang 40% vat 2023; Kayumov

liéu chén. va nnk., 2012)
-4 N . < . o/ .z N (Schlumberger,
Taylakovskoe, 10 giéng dau trong cat | Tang khoang 44% san lugng dau; PI i \
Nga két cao hon du doan; tiét giam proppant 2023; Sadykov va
& ¥ Goan, : nnk., 2012)
Mo cat két c6 rii ro . ‘ . (Schlumberger,

Tay sa mac Ai Gia tang manh san luong thu hoi

thét thoat vat lidu 2023; Gawad va

Cap chen dau; cai thién ki€ém soat bom ép. nnk., 2013)
Argnina | Mo s i | Ting o e e | s,
Mexico / HoaKy | 8'cngdyydaop gglamt . 2023)
tap, gieng ngang chen.
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3.3. Thaio ludn vé khd ning dp dung trong diéu kién Viét Nam

Tir cac két qua trén, nhom tac gia nhan thdy HIWAY khong nén duge xem 1a phuong an thay thé dai tra
cho moi chuong trinh nit via, ma nén dwgc lya chon cho nhitng dbi twgng ma hi¢u qua khai thac bi chi
phdi manh boi kha ning dan dong sau xir ly. Trong diéu kién Viét Nam, cac ing vién tiém nang hon 1a cac
giéng c6 d6 tham thap, giéng suy giam nhanh sau nirt via hodc cac trudng hgp ma chi phi van chuyén nuéc
va vat liéu chén tao ap lyc 16n 1én hiéu qua kinh té téng thé.

Tuy nhién, kha nang van dung thuc té con phu thudc vao nhiéu diéu kién di kém nhu mirc d6 sin sang
ctia chudi dich vy, ning lyc thiét ké dia co hoc, chat lugng thi cong va hé tiéu chi déanh gia sau xtr ly. Néu
thiéu dir liéu vé co tinh d4, thiét ké bin ma via hodc kiém soat van hanh, loi thé cia HIWAY c6 thé khong
chuyén hoa thanh san lugng gia ting du 16n dé bu lai do phtre tap cua cong nghé. Do do, cach tiép can phu
hop la xem HIWAY nhu mot cong cu t6i uu chuyén biét, can dugc trién khai trén co so thir nghiém c6 kiém
soat va quyét dinh theo dir liéu (Schlumberger, 2023; Kayumov va nnk., 2012; Sadykov va nnk., 2012;
Gawad va nnk., 2013).

4. Két luan va kién nghi

Tir két qua téng hop, phan tich va d6i chiéu céc tai liéu nghién ciru, ¢ thé rat ra mot sb két luan chinh
nhu sau:

- Cong nghé HIWAY 1a mot giai phap nirt via thuy luc ¢6 co s6 ki thuat rd rang. Gid tri bt 16 ciia cong
nghé nay nam & co ché tao cac kénh dan dong c6 cau triic, qua d6 nang cao kha nang dan dong ctia khe ntt,
thay vi chi tép trung gia tang kh01 luong vat liéu chén;

- Céc két qua tmg dung thuc té tai Nga, Ai Cap, Argentina, Mexico va Hoa Ky cho thdy HIWAY c6 tiém
nang gia tang san luong khai thac, giam tiéu hao vat liéu chén va néng cao hiéu qua xur Iy. Tuy nhién, hiéu
qua nay chi dat dugc khi cong nghé duoc lwa chon dung dbi twong ap dung va thiét ké ddng bo, phu hop
v6i diéu kién cu thé cua via va giéng;

- Hiéu qua cua cong nghé¢ HIWAY phu thudc chat ché vao nhiéu yéu tb k¥ thuat, bao gém diéu kién dia
co hoc cta via, chién lugc bin mé via, chét lwong hoan thién giéng va nang lyc kiém soat qua trinh bom
ép. Vi vdy, cong nghé nay khong nén dugc ap dung theo hudng dai tra, ma can dwoc danh gid, sang loc va
thiét ké riéng cho timg dbi tugng cu thé.

Tir céc két luan trén, nhom tac gia kién nghi viéc danh gia HIWAY trong diéu kién Viét Nam nén dugc
tién hanh theo 16 trinh ba budc. Budc thtr nhét 13 sang loc dél tuong trén co so d6 tham, lich st suy giam
san luong, nguy co che 1ap khe niit va ap luc chi phi hau can. Budc thir hai 14 xay dung cac chwong trinh
thi diém c6 dbi chimg, theo dai dong thoi cac chi tiéu nhu IP30/IP90, san luong tich lily, chi s6 ning suét
giéng, muc do 1am sach, luong vat liéu chén tiéu hao va chi phi trén don vi san lugng gia tang. Bude thu
ba la chi m¢ rong ap dung khi dir liéu thye dia ching minh dugc loi thé k¥ thuat - kinh té 15 rang so véi
phuong phap nut via truyén thong.
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ABSTRACT
Application of HHIWAY technology in hydraulic fracturing to
enhance fracture conductivity and optimize production performance

Truong Van Tu, Nguyen Tien Hung, Nguyen Khac Long
Hanoi University of Mining and Geology, Hanoi, Vietnam

Based on the synthesis and analysis of documents collected by the authors, this study clarifies the
technical basis of HIWAY technology in hydraulic fracturing. The research results show that the value of
HiWAY lies not only in reducing the amount of proppant used, but more importantly in organizing the
proppant into supporting clusters interspaced with flow channels, thereby enhancing fracture conductivity,
extending effective fracture length, and reducing pressure loss within the fracture. The analysis of field
applications in Russia, Egypt, Argentina, Mexico, and the United States indicates that this technology can
increase production, mitigate fracture screenout, reduce proppant flowback to the wellbore, and decrease
both water and proppant consumption when properly designed to match reservoir conditions. However, the
effectiveness of HIWAY depends significantly on rock mechanical properties, perforation design, well
completion quality, and the ability to control the pumping process. From an application perspective, the
authors recommend that Vietnam approach HIWAY through a process of screening, pilot testing, and post-
treatment evaluation, with priority given to reservoirs with low permeability, high demand for flow
conductivity, and high logistical costs.

Keywords: HIWAY; Hydraulic fracturing; Fracture conductivity; Proppant; Production optimization.
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