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Nghién ctru ché tao, thir nghiém thiét bi nut trdm xi mang
trong khoan tham do dia chat tai mo Nga Hai, Quang Ninh
Nguyén Bach Thao'*, Truong Cong Hung?, Pham Vin Khai2, Bd Quang Manh?, Nguyén Quang Tuin?

) 1 Truong Dai hoc Mo - Dia chat
2 Cong ty Co6 phan Tin hoc, Cong nghé va Méi truong (VITE)
3 Truong Dai hoc Thiiy Loi

TOM TAT

Thim do khoang san trong khai thac mo 14 hoat dong nhiam xac dinh trit lugng, chat lugng khoang san va
cac thong tin khac phuc vu khai thac khoang san. Déi véi khu mo than Quang Ninh, do anh hudng cia qua
trinh khai thac mé 16 thién va him 10, dia ting cang bi bién d6i, dap v& manh mé& gdy nhiu khé khan cho
cong tac khoan thim do. Tai cac dia tAng c6 cac 16p da bi dap v, nirt né khi khoan qua rit d& xdy ra hién
trong mét nudc, hién twong d4 & thanh 16 khoan trdi ra (do dé vach cua 16 khoan yéu hodic mit can bang ap
suét) c6 thé gy su cb ket bd dung cu khoan. Bién phap khic phyc thudng dwoc ap dung 1a bom truc tiép
xi ming vao 156 khoan dé tang két c4u, giit bn dinh thanh 16 khoan. Tuy nhién, nhiéu giai phap tram xi ming
dang ap dung chua dat hiéu qua cao do ap luc bom tram xi mang khong cao, lugng xi mang khong di sau
vao trong cac khe nit, déi dap v& ciing nhu khong xir 1y duoc hién twong nudc phun, dn dén giam ning
suét va ting chi phi c6ng tac khoan thim do. B6 nat tram xi ming cho céc cap dudng kinh ¢132, $112, $93
va ¢76 di dugc nghién ciru, ché tao va ap dung thir nghiém trong céc 16 khoan thim do khu vyc mé Ha
Rang va Ngi Hai (Quang Ninh) cho thiy hiéu qua 15 rét trong cac dia tAng phttc tap ddng thoi d& ché tao,
thi cong v6i chi phi thip.

Tur khoa: nit tram xi mang, sy b, mét nuée, khoan thim do, mé than Nga Hai

1. Giéi thiéu chung

Theo danh gi4, thng ké tir cac don vi khoan thi cong 1au nam khu vec mé Quang Ninh, rit nhiu 16p
dét dé thai hoac dia téng dia chét co thanh ph?m va cAu triic phtic tap, hdn don, bi dap v, niit né khi khoan
qua rit dé xdy ra hién tuong mét nudc, hién tuong da ¢ thanh 15 khoan trdi ra (do d4 vach cua 16 khoan yéu
hodc mit cin bang ap suat) dé gay su ¢b ket bo dung cu khoan. Cac don vi thi cong thuong sir dung su
dung hinh thtrc bom tryc tiép xi méing vao trong 16 khoan dé ting ket cAu thanh 15 khoan [1]. Hon hop xi
mang v&i nude theo ty 1€ kinh nghiém r01 bom qua cin khoan xuong khoang dia tang can gia co Khi xi
ming dong cimg (thuong 2 - 5 ngdy), tién hanh khoan pha qua khéi xi mang rdi tiép tuc phat trlen chidu
sau. V&i phuong phap nay, 16p xi mang bam quanh thanh 15 khoan thuong méng khong duge 6n dinh, xi
mang khong di sdu dugc vao trong khe nit, 16 rong va khong xir 1y dugc hi¢n tuong nude phun (khi gap
tang nude c6 ap). Dudi ép lyc cao cia dung dich khoan va su va dép cua bd cén khoan 16p xi mang Y thanh
16 khoan khéng giit dugc sy 6n dinh theo yéu céu k¥ thuét c6 thé lai gdy ra sy co [5]. Trén thyc té, da co
nhiéu 18 khoan d3 phai bom tram xi ming nhleu 14n din t6i giam ning sudt, tiéu tén nhiéu cong strc va chi
phi, tham tri phai khoan lai tir d4u [3]. Hién van chua c6 loai dung dich khoan hay héa phim nao c6 kha
nang gitr dugc 6n dinh thanh 18 khoan va chéng mit nude (dung dich). Hau hét cac loai dung cy nat trdm
xi ming hién c6 cho thdy & Viét Nam va trén thé gidi c6 nhiéu thiét ké khac nhau va tng dung cho cac didu
kién dia chit khac nhau va nhiéu linh vyc khac nhau. Tuy nhién, da s cac thiét bj niit c6 céu tao phirc tap,
chi phi cao va yéu ciu vé thlet bi va cdng ngh¢ cho thao tac lap dat ciing phtec tap [2,4].

Khu mé Nga Hai co cau trac dia chat rét phtre tap, bao gom cac hé thong nép uon va dut gy [6]. Mo
than Ngi Hai ton tai 2 nép 16i va 3 nép 16m chinh, cting v&i d6 14 rat nhidu cac dut gdy thuén va ngich. Cac
dut gy c6 cy ly dich chuyén 2 canh va chidu day cua déi huy hoai 16n. Pién hinh nhu cac dut giy Béc
Huy, F.1,F.2, FM, F.D...

Dia ting chira than ctia khu mo Nga Hai c6 35 via than c6 chidu day tir rit mong, mong dén trung binh.
Cac via than c6 céu tao tir don gian dén phtrc tap va vo cing phtc tap. Do khu mé c6 nhiéu via than va dut
gdy nén dat ¢4 mém yéu tap trung nhiéu doc thanh 16 khoan. Cung véi do la cac 16p sét ket xen k& trong
cac 16p bot két va tap trung gin cic via than. Sy ¢ xay ra chii yéu & nhing dia ting mém yéu nay. Dat d4

* Tac gia lién hé:
Email: nguyenbachthao@humg.edu.vn
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tai day mem bé gip nude dé truong nd gay sap 16 manh thanh 16 khoan.

Vi vy, can c6 nhirng nghién ciru ché tao thiét bi nut tram xi mang trong thi cong khoan thdm do dia chét
¢6 thé ap dung hiéu qua cho khu vyc mo Quang Ninh nhim giam thidu anh huéng cia cac sy ¢b néu trén
khi thi cong khoan thim do dia chit & nhirng khu vue cé dia ting phirc tap.

2. Nghién ctru thiét ké, gia cong ché tao thiét bi nut tram xi ming
2.1. Quy trinh nghién citu, thiét ké, ché tao bé dung cu miit tram xi mang

Muc tiéu dit ra cho nghién ctru nay 1a thiét ké bé dung cu nuat tram xi médng c6 tac dung ngin cach 16
khoan thanh nhing doan khac nhau giup gia ting ap luc khi bom xi ming dé 6n dinh thanh vach dbi véi
ting dat d4 nirt né manh hodc nwde phun phit hop véi nhimg 16 khoan thim do mé Nga Hai noi riéng va
khu mo6 Quang Ninh néi chung. B§ dung cu can duoc ché tao phai dé dang dua xuéng 16 khoan, an toan
khi bom tram xi mang véi ap lyc cao. Cac yéu cau ky thudt vé kha ning ché tao, sira chita ciing nhu chi phi
san xuét cling dugc xem xét dén trong qua trinh thiét ké thir nghiém.

Quy trinh nghién ctru va ché tao, ap dung thir nghiém tai cac 16 khoan trong céc dia ting phtrc tap thudc
ving mé Quéang Ninh dugc thuc hién theo so db trong Hinh 1:

©Cac thiét bj hién cé trén Thé gidi va Viét Nam

Nghién cttu téng quan Y s . e 5 2 .
*D3c diém dija chat ving mé Quang Ninh

. et K b e Thiét k& téng thé
Nghién ctru thiét ké bo dung P PR

e -Thlhet ke:’no h|nf1 BI? i ) )
*Thong s6 k§ thuat va Quy trinh thi nghiém

e Ap dung thir nghiém trén bé mit va trong 16 khoan
e Didu chinh, t6i wu cac bd phan trong bd dung cu
*Dura ra thong s8 thiét k& hoan chinh

Ap dung thr nghiém danh gia
hiéu qua

Thir nghiém véi céc cap 'AR dung thir nghiém
GO TINGEIRTENRCNN » TOI wru cac bd phan trong bo dung cu nut trdm
cdc diéu kién cu thé eDura ra thong s6 thiét k& hoan chinh

Hinh 1. Quy trinh nghién ciru va ché tao, dp dung thir nghiém bg dung cu niit tram xi mang

Dé thiét ké by dung cu niit tram xi ming, nhom nghién ciru bat dau véi lya chon thiét ké cho cap duong
kinh ¢1 12 va ap dung thi diém bo dung cu cho cip dudng kinh nay. B6 nit tram xi mang diu tién nay ché
tao v&i cAp dudng kinh 112, Vi day la cap dudng kinh phd bién tai cac 16 khoan tham do dia chit khu vuc
mo, kich thude cua ching t6i bo nay ché tao s& d& dang, thi nghiém don gian va tiét kiém chi phi nhat so
v6i cac cip duong kinh khac.

Hon nita trong thuce té, cip dwdng kinh ¢112 thi cac 16 khoan chua tién qua sau, thuong ¢ d0 sdu khoang
dudi 150 m nén qua trinh thi nghiém md phong trén mat dét ciing nhu thi nghiém thyc t& ngoai thuc dia
trong céc 15 khoan s& d& dang hon rat nhiéu.

2.2. Thiét ké tong thé bé dung cu nit tram xi mang cho cap dwong kinh ¢112

Ban vé thlet ké téng thé bo dung cy nhu trong hinh, b dung cu nat trdm xi mang 16 khoan c6 7 cau kién
chinh bao gbm: zamoc, dia ép, bong cao su, truc ép, ong chinh, ong chup, piston cao su, truc truyen dong
va ngam giir (Hlnh 2) Tt ban v€ k¥ thuat va mo h1nh thiét k& tdng thé 3D, tién hanh gia cong ting cdu kién
va hoan thién két ndi bé dung cu thir nghiép cho cép duong kinh ¢112 (Hinh 3).

— LA

Chnig chanhi

f i~ Tz ap+0mg chup

Bibng cao Tna Buyen ddng

Migam gud

Hinh 2. Thiét ké mé phong 3D bg dung cu niit trdm xi mang cap dwong kinh $112
Nguyén 1y hoat dong ctia bd dung cu: Xi mang s€ dugc bom xudng theo cdt can khoan di qua ong chinh
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va di thing xubng piston truyén dong dé mé ngam. Sau khi ngam da mé gitp cd dinh by dung cu vao thanh
16 khoan tién hanh ép c6t cin khoan 1am bién dang céc trai bong cao su trong qua trinh ép cdc trai bong cao
su, truc ép va éng chup sé& chuyén dong tinh tién di xubng khi d6 15 thoat trén truc ép s& trung voi 15 thoat
trén tryc chinh gitp thoat xi mang ra ngoai. Khi qua trinh bom trdm xi mang két thic, tién hanh ning dau
may va cot can khoan dé tryc ép va ong chup chuyén déng tinh tién di 1én, gip cac trai bong cao su trd vé
trang thai ban dAu tir do dé dang thu hdi bo dung cu.

Hinh 3. Hinh dnh bé dung cu duoc gia cong theo thiét ké cho cap dwong kinh $112
3. Ap dung thir nghiém thiét bi nit tram xi ming trong diéu kién khu virc mé Quéng Ninh

Sau khi thiét k& k¥ thuat, san xuat thir nghiém va xdy dung quy trinh thir nghiém, bé dung cu dudng kinh
®112 (Hinh 4) dugc ap dung trén mét dat va trong 16 khoan nong dé kiém tra co ché ciing nhu danh gia higu
qué hoat dong ctia cac co cau trong bo dung cu.

3.1. Quy trinh dp dung thir nghiém

Quy trinh ap dung thir nghiém b¢ dung cu nuat tram xi mang voi cép duong kinh 112 mm duoc thuc hién
trén bé mat dat dé kiém tra co ché hoat dong ciia cac bo phan, tiép dén s& dugc dua vao 16 khoan néng dé
kiém tra hiéu qua hoat dong cua ca bo dung cu. Quy trinh ap dyng thir nghiém duoc tién hanh gdm 7 budc:

Budc 1: Kiém tra by dung cu va can khoan

Budc 2: Lap bd dung cu vao cot can khoan

Budc 3: Pua bd dung cu tdi vi tri cAn bom tram xi mang

Budc 4: Bom xi mang cao ap m¢ ngam giir

Budc 5: Siét ép cac qua bong cao su

Budc 6: Bom xi méing vao 16 khoan

Budgc 7: Thu hdi bo dung cu.

3.2. Két qua dp dung thir nghiém

Sau thi nghiém 4 1in ép két qua xac dinh dugc sy bién dbi cua cac trai bong cao su theo lyc ép, thong
qua su bién thién vé duong kinh ngang va chidu cao cta céc trai bong cao su giup xac dinh dwoc bién do
ép, Iuc ép hoic s6 lwong bong can phi hop véi cip dudng kinh 16 khoan, théng sé bién dang cua cac trai
béng cao su qua 4 14n ép duge thé hién trong Hinh 4.

Sau qua trinh nghién ciru va thir nghiém bd dung cu cip duong kinh ¢p112 trén mit va trong 15 khoan
nong, tién hanh chinh stra cac thong b va t&i wu hod cho ting cAu kién va diéu kién lam viéc. Qua cac lan
thir nghiém va hiéu chinh, nhém nghién ciru da dua ra duoc thiét ké k¥ thuat cua bd dung cu cho bdn cép
duong kinh dam béao yéu chu k¥ thuat va kha nang lam viéc hi¢u qua. Céac cAu kién ctia cac bd dung cu da
duoc cai tién va thay ddi so véi thiét ké ban dau, nhu sé lwong ngam dugce ting 1én, dng chinh dwgc bd
sung b phan chéng cong cho truc ép, phan dng ngam di duoc tach riéng thanh mot cum cau kién gitp cho
qua trinh sira chita, bio dudng ciing nhu sir dung dugc d& dang. Nhim dam béo t6i wu hoa vé mit kinh té
cac cp dudng kinh ¢93 va 76 s& c6 thiét ké chung, trong tu hai bo dung cu cho cip dudng kinh ¢132 va
0112 s& co chung mot ban thiét ké. Tuy nhién, c6 sy khac nhau tai kich thudc bong cao su. Mat khac, viéc
thiét ké chung cho hai cip dwdng kinh c¢6 thé ting kha ning sir dung chéo gitta cac bo dung cu.

460



—
120 e m——
I
.
100
-
80 -
-
60 .
@ - -_ll" ngang (mr
& Chedu Ca
20
[}
0 0s 1 15 2
a) <)

 Hinh 4. Quan h¢ giira kich thudc bong cao su voi lyc ép tir cac thi nghiém trong 16 khoan
a) Ap dung thir nghiém trén mat va trong lo khoan nong; b) do dac kiém tra bien doi dwong kinh ngang
khi thi nghiém cac cdp ap luc khac nhau, c) két qua thi nghiém

4. Ap dung thir nghiém thiét bi nat tram xi ming trong 156 khoan thim do mé Nga Hai, Quang Ninh
4.1. Trién khai thir nghiém tai hién truong

B¢ nut tram xi mang dugc ap dung thir nghiém trong diéu kién duong kinh 16 khoan va diéu kién dia
chét phit hop véi cip duong kinh kinh ¢112 tai 15 khoan thdm do SX47 [6]. L& khoan ndm trén tuyén 2024-
4 thudc khu mo than Nga Hai, TP. Cam Pha, tinh Quang Ninh (X:232 6138; Y: 444 695; Z: +107). L
khoan dugc thiét k& khoan théng ding voi chidu sdu du kién 14 275 m. Nhiém vu 15 khoan nhim nghién
cuu dia tﬁng, kién tao, x4c dinh dia tﬁng, chiéu siu véch tru va céu tao chi tiét cac via than chinh tir via V.7-
V.6. Ly mau phén tich hoa than va da kep céc via than, 1y miu dinh luong, 14y mau co 1y vach try cac
via than va quan tric don gian BPCTV-DCCT.

Theo tai liéu cac 16 khoan tham do giai doan truéc [6], dic diém dia tﬁng khu viec mo Nga Hai (Hinh 5):

-Lép dit dé thai v6i chiéu day 14 5,0 m c6 thanh phé‘ln phtc tap gém san két, cat két, bot két, kich thude
khong déng déu, Sép xép hdn don, véi cac dic diém dia vat 1y khac nhau.

- Lép than: C6 2 via than véi chiéu day téng thé 1a: 4,0 m.

- Céc 16p bot két: Co do clmg cap VII - VIIL Lép bot két co do clng trung binh.

- Cac 16p cat két: Kich thudce hat vira dén tho, c6 tinh mai mon cao, ¢6 do cling cép IX, c¢6 nhiéu khe nut,
gay hao, mat nude 18 khoan, téc dd mai mon ludi khoan cao.

- L6p san két: Dac diém rén gion, c6 d6 clmg cip X, xi ming gén két yéu, d& v dudi tac dung va dap,
tac dung co hoc.
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Hinh 5. Pia tang ddt dd nirt né manh dé gdy mat nuwde va sy cé (trdi) va két cdu tai 16 khoan SX47 (phdi)
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4.2. Két qua thi nghiém b dung cu @112 tai 16 khoan SX47

Ep xi ming thanh c6ng, khi xi mang dong cimg tién hanh thi céng khoan phat trién chidu sau dung dich
khoan tuin hoan binh thuong. Thi nghiém nhanh: Thoi gian bom tram xi ming cho mdi cép dudong kinh
chi khoang 30 phut tinh tir khi bt ddu thi nghiém dén khi thu hdi b dung cu. Xi mang phat huy téi da hiéu
qua khi c6 thé di sau vao cac khe nut trong thanh 15 khoan. Tiét kiém lugng xi ming dén 30% lugng xi
méng so véi tinh toan, lwong xi méng du thira dwge bom tram theo phuong phép truyén théng, ting tinh
hiéu qua cho thi nghiém.

Sau khi qua trinh thi nghiém véi cp dudng kinh ¢112, bd dung cu cho cip dudng kinh ¢93 va ¢76 duoc
dua xudng dé tién hanh thi nghiém va cho thiy kha ning hoat dong rat hidu qua. Cong tac thir nghiém bd
dung cu niit trim xi mang tai 15 khoan SX47 dugc thé hién trong Hinh 6. Két qua thir nghiém cho cac cap
dudng kinh thiét ké duoc tong hop va trinh bay trong Béang 1.

_—

Bdng 1. Tong hop cdc thong s6 thi nghiém khi thir
nghiém cdc bg nut tram xi mang voi cac cap dwong kinh khac
nhau tai 16 khoan SX47, mo than Ngo Hai

Théng s6 (don vi) Cép dwdng kinh thir nghiém
o112 $93 076

Ap suit m¢ ngam (Mpa) 1,3-1,5 1,3-1,5 | 1,3-1,5
Trong lugng ¢€p tréi bong 2,0 1,0 1,0

cao su (Tan)
Ap sudt duy tri bom xi 1,5-2,0 1,3-1,8 | 1,3-1,8
mang (Mpa)

- oY Ap suat tang vot két thuc 2-3 2-3 2-3
Hinh 6. Thir nghiém cac bo dung qua trinh bom (Mpa)
cuy nut tram xi mang tai LK SX47

5. Két luan va kién nghi

Két qua cua qua trinh nghién ciru, gia cong ché tao va ap dung thir nghi€ém bd dung cu nut trdm xi mang
v6i cac cip duong kinh khéc nhau trén mat dat va trong cac 16 khoan thiam do thyc té cho thay cac dung cu
¢6 céc uu diém va ton tai nhu sau:

Uu diém:

- D& ché tao va gia cong: Cac bo dung cu dé ché tao do dugc hop thanh tir cac céu kién va cum cAu kién
khéng qua phire tap, c6 thé thiét ké dé thao roi gitip thuan tién cho qua trinh van chuyén ciing nhu stra chira
va thay thé.

- C6 kha ning ap dung chéo: trong cac truong hop can thiét, bd dung cu cho cép dudng kinh nhé (93
va ¢76) hoan toan c6 thé sir dung cho cac cip dudng kinh 16n hon néu st dung bong cao su ¢6 kich thude
phu hop, dam bao tinh linh hoat va chu dong trong san xuét

+ D0 bén cao: Cac ciu kién cua cac bd dung cu voi cau trac don glan chu yeu v6i cac dng thép day, dam
bao do bén trong qua trinh st dung, dic biét 1a v&i moi tredng 1am viée yéu cau st chiu tai 16n va thoi
gian hoat dong dai.

+ D& dang sir dung: Cac bude dé tién hanh qué trinh bom ép don gidn, tir bom ép xi ming dén qua trinh
thu hdi, khéng yéu cau cac k¥ thuat phire tap gitp ting tinh hiéu qua hoat dong cho cic bd dung cuy ciing
nhu dam bao an toan cho 16 khoan.

+ Thich hop véi nhiéu diéu kién 18 khoan: Céc bd dung cu co thé dap Gmg duoc véi moi diéu kién 15
khoan, khong bi gioi han vé k¥ thuat.

+ Chi phi gia céng thap nhung hiéu qua dem lai cao: Cac c4u kién chii yéu dugc thiét ké tir cac nguyén
liéu sin c6, d6 bén cao, dé gia cong va stra chita song c6 thé gitup 6n dinh thanh vach 15 khoan (chéng mét
nude, nude xAm nhap vao 16 khoan, ket dung cu khoan,...) giam thiéu tén thit vé& thoi gian va kinh té.

Tén tai:

- B6 ngam con chira nhidu cAu kién nho d& hong hoc, khé sira chira

- Chua t6i wu hoa dwoc 4p lyc bom xi ming khi con nhiéu khoang hé

- Chua t6i wu hoa vé lién két cac ciu kién (gitta dng chup va truc ép).

Thiét ké k§ thuat cac bé dung cu nut tram xi ming mai ap dung thir nghiém trong 2 15 khoan tham do.
Do d6, can phai tién hanh cong tac kiém dinh cho cac thiét bi cAu thanh bd dung cu nhdm dam bao yéu cu
k§ thuat ciing nhw sy an toan khi ap dung vao thyc té.
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Cén c6 thém sy du tu va nghién ciru nhiam phat trién va nang cp cac bd dung cu dé tang tinh hiéu qua,
phuc vy t&t hon cho qué trinh san xudt ciing nhu 4p dung thir nghiém b sung trong cac 16 khoan & cac didu
kién dia chit khac nhau dé tdng tinh chinh xac va hiéu qua cta dung cu.

Xay dung quy trinh 4p dung thir nghiém va tiép dén nghién ciru ban hanh quy pham k§ thut cho cac bd
dung cu dua ra.
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ABSTRACT

Research and development of cement packer equipment for geological
exploration drilling in the Nga Hai mine area

Nguyen Bach Thao!, Truong Cong Hung?, Pham Van Khai%, Do Quang Manh?, Nguyen Quang Tuan?

! Hanoi University of Mining and Geology
2 VITE - Information Technology, Technology and Environment Joint Stock Company
3 Thuyloi University

Mineral exploration in mining is an activity aimed at determining the reserves, quality of minerals, and
other information for mining purposes. In Quang Ninh coal mine area, due to the impact of open-pit and
underground mining processes, the strata are increasingly altered and heavily fractured, causing significant
difficulties for drilling exploration. In formations with fractured and cracked rock layers, drilling through
them can easily lead to water loss, and the phenomenon of rock from the borehole walls extruding (due to
weak borehole wall rock or pressure imbalance) can cause the drill tools to get stuck. The commonly applied
remedial measure is to directly pump cement into the borehole to strengthen the structure and stabilize the
borehole walls. However, many current cement grouting solutions are not highly effective due to low
grouting pressure, insufficient cement penetration into the fractures and fractured zones, and the inability
to address water outbursts, leading to reduced productivity and increased exploration drilling costs. Cement
packer tools for diameters of ¢132, ¢112, ¢93, and $76 have been researched, manufactured, and tested in
exploratory boreholes in the Ha Rang and Nga Hai mining areas (Quang Ninh), showing significant
effectiveness in complex strata while being easy to manufacture, implement, and cost-effective.

Keywords: cement packer, incident, water loss, exploration drilling, Quang Ninh
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