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Tom tat

Trong qud trinh khai thdc ddu khi, nuéc thu héi dugc phan tich lién tuc dé theo déi déng thdi via, nuéc xam nhdp, tir d6 diéu chinh
ché dé khai thdc toi uu va cé cdc phuong dn dé xir Iy tinh trang ling dong mudi, Gn mén. .. Bai bdo trinh bay két qud nghién ciu sir
dung phuang phdp dé thi Stiff [1] dé ddnh gid nuc thu héi va do thi K.S.Chan [2] dé theo déi dong thdi via, nuéc via xdm nhdp tai
cdc giéng khai thdc ctia mé Théing Long. Phuong phdp nay don gidn, tiét kiém thoi gian, giip nha diéu hanh dé dang theo déi cdc chi
s6 phdn tich nuéc va ham lugng nuéc theo thai gian, xdc dinh co ché nuéc xam nhdp va diéu chinh ché dé khai thdc phi hop véi timg

giéng.

Tir khéa: Phan tich nuidc, co ché nudc xam nhdp, khai thdc nuéc vugt miic, via méng ntit né, phuong phdp dé thi.

1. Giéi thiéu

Nudc via c6 thé xuat hién ngay tu giai doan dau
th{ via hodac sau mot thai gian khai thac. Viéc tinh toan
chinh xac cac chi s6 nudc giup nha diéu hanh xac dinh
s6m nudc thu hoi la nudce via hay nuédc ky thuat, tir d6 c6
cac phuong &n dé xur ly tinh trang l1dng dong mudi, an
mon. Trong giai doan khai thac, nudc thu hoi duge phan
tich lién tuc dé theo déi dong thai via, nudc xam nhap,
tu dé diéu chinh ché dé khai thac téi uu.

Nghién ctru sir dung phuong phap dé thi Stiff [1] dé
déanh gia nudc thu hoi va dé thi K.S.Chan [2] dé theo doi
dong thai via, nudc via xam nhap. Pay la phuong phap
don gian, cho két qua s6m dé nha diéu hanh c6 phuong
an xu ly kip thoi. Tuy nhién, phuong phap dé thi doi hoi
nhiéu chi s6 hon nén c6 thé lam tang chi phi phan tich
trong phong thi nghiém.

Phuong phap dé thi Stiff va K.S.Chan da dugc tng
dung tai mé Thang Long, bé Cliu Long vi cac giéng
phat trién trong md nay nudc xuat hién rat sém. Bang
phuong phap dé thi da sém xac dinh dugc nudc thu hoi
[& nudc via. Dua trén su bién d6i dé thi, nha diéu hanh
xac dinh dugc cac chi s6 phan tich nudc va ham lugng
nuaGc theo thaoi gian, co ché nudc xam nhap, tir d6 diéu
chinh ché& d6 khai thac phu hgp véi tiing giéng.

2. Cac phuong phéap dé thi phan tich nuéc khai thac
va xac dinh co ché nuéc xam nhap

Cac phuong phap d6 thi hién nay dugc xay dung
dua trén hé s6 chuyén déi tuong ducng. Hé s6 nay la
lugng anion hodc cation can thiét dé thém vao hoac lay

ra 1 mole tir hgp chat. Cong thiic cta hé s6 chuyén déi tuong
duong nhu sau:

C (meq/l) = [g.m?] x Change/Mass = [g.m*]/equivalent wt
Trong do:
C: Hé s6 chuyén déi tuong duong;
Change: Héa tri;
Mass: Khéi lugng mole;
Equivalent wt: Khéi lugng chuyén déi tuong duong;

Bang 1 thé hién hé s6 chuyén ddi tuong duong cho mot
s6 ion phé bién [1].

2.1. D4 thi Stiff

D6 thi Stiff 1a phuong phap phan tich chi sé hoa hoc clia
nudc dugc phat trién dau tién baéi H.A.Stiff vao nam 1951.
Phuang phap nay vé vong bao khép kin qua 3 hodc 4 truc
song song ndm ngang cat truc tung tai gia tri 0 (meq/l). Cac
cation dugc vé bén trdi truc tung & don vi meg/I va cac anion
vé bén phai. D6 thi Stiff 1a cong cu hiu ich dé so sanh gilia
cac ngudn nudc khac nhau.

Phuang phap dé thi Stiff dé dang xay dung d6 thi cac
chi s6 hda hoc ctia cac mau ti nhiéu nguén khac nhau. Khi
nguén nudc dugc xac dinh, dé thi nay cé thé chi ra su thay
dé&i chi s6 hoa hoc cla cac ngudn khac nhau theo khéng
gian va thai gian. Tuy nhién, han ché ctia phuong phap nay
la chi thuc hién dugc mét phan tich trén mot do thi.

Ngoai ra, c6 thé ké dén cac phuong phap d6 thi khac
dung trong phan tich nudc nhu: Piper, Durov, Schoeller, lon

Ngay nhdn bai: 23/5/2016. Ngay phan bién ddnh gid va stia chifa: 23/5 - 1/12/2016. Ngay bai bdo duoc duyét ddng: 31/3/2017.

18  DAUKHIi - SO 4/2017



PETROVIETNAM

Bdng 1. Hé s’ chuyén ddi tuong duong [1]

. Khéi Khéilugng Heé sé chuyén
lon Ho.a luong chuyénddi dsi (tirg.m?
tri ong Y ° 9
: mole tuong duong sang megq/l)
H* 1 1,0 1,0 1,0
Na* 1 23,0 23,0 0,0435
K* 1 39,0 39,1 0,0256
Ca** 2 40,1 20,15 0,0499
Mg* 2 24,3 12,15 0,0823
Fe** 2 55,9 28,0 0,0347
Zn* 2 65,4 32,7 0,0306
(NH)*(@sN) = 1 14,0 14,0 0,0714
(HCO,) 1 61,0 61,0 0,0164
(COy* 2 60,0 30,0 0,0333
cr 1 35,5 35,5 0,0282
F 1 19,0 19,0 0,0526
(SO,)* 2 96,0 48,0 0,0208
(NOs)(as N) 1 14,0 14,0 0,0714
(H,PO,) 1 97,0 97,0 0,0103
Mg SO,
Ca HCO,
Na Cl
T T T T 1
16,7 8,35 0 8,35 16,7 (meqg/I)

Hinh 1. D6 thi Stiff[1]

Balance, Radial va Propeties vs Time [1]. Tuy nhién, cac do
thi nay tuong d6i don gian, chi phan tich cho tiing mau
tling ion riéng I va khong thé phan tich déng thai nhiéu
chi s6 cuing ltc. Zaporozec da téng hop va phan loai cac
phuong phap dé thi nay vé 4 nhom chinh theo muc dich
st dung: dung cho phan loai, tim quan hé, phan tich va
minh hoa [3].

Céac phuong phép trén dugc ap dung tuy vao tung
muc dich, linh vuc cu thé. Su thay déi chi sé ion clia nuéc
via phtic tap vi c6 thé xam nhap ti nhiéu nguén khac
nhau. Trong nghién ctu nay, nhém tac gia ap dung dé thi
Stiff dé phan tich danh gia nguén géc nudc va su bién ddi
theo thai gian.

2.2, D6 thi K.S.Chan

Khi giéng khai thac xuat hién nudc, viéc theo déi
déng thai nuéc via xam nhap cé thé dugc thuc hién bang
phuong phap can bang vat chat, mé hinh mé phéng, dé
thi... Phuong phap d6 thi K.S.Chan dugc cong b6 vao nam
1995, trong d6 WOR (ty s6 nudc - dau) va dao ham WOR

dugc vé trén cung d6 thi Log-Log theo thai gian (WOR).
Su khéc biét ctia dusng WOR va WOR' gitip du bdo co ché
nudc xam nhap: ma nudc, kénh xam nhap. Cong thic tinh

WOR va dao ham WOR nhu sau:
WOR = T
4o
dWOR  WOR, —WOR,
WOR' = =
dt =t

Phuong phap K.S.Chan dya vao s6 liéu khai thac thuc
té dé du bao cac van dé khai thac nuéc vuot cap. Nhu da
dé cap & trén, 2 van dé thudng gdp & cac giéng khai thac
nudc vugt muc la md nudc va xam nhap theo kénh (khe
nut, 8ng chéng hé...). Hinh 2 1a cac biéu hién ly tudng clia
WOR-WOR' cho cac van dé khai thac nudc vuot cap.

Theo K.S.Chan, d6 thi Log-Log clia WOR theo thai gian
cho ca nudc xam nhap dang mi va theo kénh dan déu
chia thanh 3 giai doan chinh. Giai doan dau cho dén khi
bt dau xuat hién nudc thi dudng WOR khéng ddi hudng.
Khi bat dau khai thac nudc, giai doan 2, dudng WOR sé
thay déi huéng khéac nhau gitra co ché xam nhap dang ma
va dang kénh dan. § co ché xam nhap dang m, dudng
WOR chuyén gdc tuong déi cham va déu lén trén dén khi
dat mét gia tri 6n dinh. Pudng WOR sé chuyén goéc lén
trén rat nhanh & co ché xam nhap dang kénh dan. Giai
doan cuéi, téc do tang goc cua dudng WOR tiép tuc rat
nhanh va giéng nhau cho ca 2 co ché.

Hinh 2 cling mé t& cac biéu hién ly tudng cda dudng
dao ham WOR theo thdi gian. Theo K.S.Chan, biéu hiéu
dudng WOR' sé khac nhau gitra 2 co ché xam nhap dang
ma va kénh dan. BPudng WOR' sé di nhanh lén trén (goc
ducng) & co ché dang kénh dan con dang m thi WOR' di
cham xu6ng dudi (géc am).

Khai thac nudc vuot muc c6 thé kiém soat dugc nhs
theo déi va quan ly via, stra chlia giéng bi su c8. Phuang
an xt ly phu thuéc vao co ché nudc xam nhap. Du bao
khuynh huéng ham lugng nudc tang dé tim ra ¢ ché xam
nhap nudc la yéu té rat quan trong dé dua ra phuang an
x0 ly. Cac su 6 gap phai khi khai thac vugt muc va phuong
an xt ly phu hgp dugc téng hop chi tiét trong nghién ctiu
clia Abbas Ali Changalvaie va cong su [4].

3. Xac dinh nguén géc va co ché xam nhap nudc khai
thac tir via mong ntit né moé Thang Long

3.1. Biéu hién nuéc khai thdc trong via méng nirt né mé
Thdng Long

Via méng nut né mo Thang Long dugc phét hién vao
nam 2008 bai 3 giéng tham do va thdm lugng. Hién nay,
da c6 thém 3 giéng phat trién & cdu tao nay (Hinh 3). S6
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NuGc xam nhdp tir ngudn nudc la
Hinh 2. Cdc biéu do K.S.Chan Iy tudng [2]

liéu thar via tir cac giéng tham do cho thay nudc
thu hoi déu la nudc ky thuat, chua c6 dau hiéu
cla nudc via. Ham lugng chloride giam dan
nhung déu trén 30.000ppm (Hinh 4). Tuy nhién,
khi dua vao phat trién giéng khai thac dau tién
TL-8P da xuat hién nudc ngay tur dau. Ham lugng
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Hinh 3. Bdn dé vi tri giéng khoan tgi cdu tao mdng Thang Long

chloride giam dan dén 22.000ppm. Van dé dat ra la nudc thu hoi tu
TL-8P ¢ thuc su la nudc via hay van con la nudc ky thuat. Sau mot
nam khai thac (khéng bam ép nudéc), ham lugng chloride va cac ham
lugng hoa hoc khac da dan én dinh.

Két qué phan tich cdc mau nudc khai thac tir via méng Thang
Long thé hién & Bang 2. Mau LS1.01.12 va LS1.01.58 dugc ldy tir giéng
TL-8P & giai doan dau. Dua vao phuong phéap phan loai Saline Water,
cac mau nudc nay dugc két luan la nudc ky thuat [5].

3.2. Phén tich nuéc khai thdc béng dé thi Stiff

Ngay khi nudc xuat hién trong giéng TL-8P, mau nudc dugc
phan tich bang phuang phap gian do Stiff va so sanh véi nudc via
cacmé lan can (Hinh 5).

Dudng bao clia cac mau nudc LS1.01 cach rat xa vai dudng bao
mau nudc via tir cac mo 1an can 1 va 2. Hinh dang dudng bao clia cac
mau nudc tiép theo thay déi theo thai gian. Budng bao bi thu hep
dan va tién vé dudng bao nudc via clia cac mé lan can 1va 2. Két qua
phan tich mau nudc ti giéng TL-8P ngay 18/12/2014 (mau cam) gan
nhu tiém can véi dudng bao nudc via mé lan can.

Phuong phap dé thi Stiff dugc ap dung tuong tu cho giéng khai
thac TL-1P nhu Hinh 6. Dudng bao nudc khai thac tir giéng TL-1P dén
thang 7/2014 da tiém can dudng bao nudc via.

Mau nudc via khai thac tr méng nut né dugc phan tich lién tuc
dé theo doi dong thai nudc xam nhap. Sau khi tiém can dudng bao
nudc via, dudng bao nudc khai thac sé thay déi & mot s6 ion. Day la
tin hiéu rd rang cia nudc xam nhap gidp nha diéu hanh diéu chinh
ché do khai thac pht hgp. D6 thi Stiff theo thai gian cho thay rd 3 giai
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doan thay déi dudng bao. Giai doan dau nudc khai thac giai doan 3 nhanh hay cham la do nguén nudc xam nhap bén
chd yéu 1a nudc ky thuat. Budng bao sé thu hep dan  ngoai nhiéu hay it. Théng thudng cac chi sé thay déi & giai doan
vao giai doan 2 tuy thudc vao muc dé khai thac nuéc va 3 la Ca hoac/va HCO..

khoang cach dén ngudn nudc. Trong giai doan 2, dudng
bao nudc khai thac tiém can nudc via, lic nay nudc khai
thac chi yéu la nudc via. Giai doan 3 chi xuat hién khi via
¢6 ngudn nudc khac xam nhap. Giai doan 2 chuyén qua

Bang phuong phap théng ké, nhom tac gia da xay dung
dudng bao téng quat clia nudc via khai thac trong méng nut
né mé Thang Long. Budng bao nay thé hién hinh dang chung
cla nudc via tdng mong gidp cac nha diéu hanh khéac cé co

Thay d6i ham Iugng chloride theo thasi gian $& 5o sanh (Hinh 7). Bién d6 thay d6i ctia ting chi sé ion dugc
viaméng Thang Long

5000 100000 téng hgp trong Bang 3.
= Nuéc thu héi cong dén TL-1X
4500 4—— — Nudc thu héi cong don TL-2X 90000 N N . . 4 . 7 N P P > 9
— NuGe thu héi cong dén TL3X Thoéng qua do thi Stiff, nudc khai thac tr mong nit né mo
© | — Nudc thu héi cong dén TL-8P x - . . N . 2 N . ~
4000 :690_ s Ham higng chiorde TLAX /180000 Thang Long dugc sém xac dinh la nudc via. NhG dé, quy dao
. v Ham lugng chloride TL-2X / HEY H 2 ” _ 3 : A H A 3
35000—| + Ham lugng chioride TL3x 20000 giéng khai thac thu 3 (TL-2P) da dugc diéu chinh nang cao va
© L= Hom Wong chlore L8P / tranh cac vung nut né c6 tiém nang la kénh dan nudc da gidp
3000 60000

lam cham khai thac nudc. Két qua nay cho thay hiéu qua cla
dé thi Stiff trong thuc té theo ddi va quan ly khai thac ciing
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/ J’ \\/ Ngay khi nudc khai thac dugc xac dinh 1a nudc via, d6 thi
500 [ ; : / 10000 K.S.Chan dugc lién tuc cap nhat dé theo déi dong thai nudc
0 0 via xam nhéap. Hinh 8 va 9 1a d6 thi K.S.Chan cho giéng TL-8P
0 50 100 150 200 . )
Thai gian (gio) va TL-1P tuong ung.
Hinh 4. Nutc thu héi va thay ddi ham liong chloride theo thoi gian Giéng TL-8P va TL-1P trong giai doan ddu c6 nudc xam
1 cicaiéha khodn Vo via moina Thena L \ doz
clacacgieng Koan vdo viamong Fang cong nhap tir tdng nudc bén dudi than dau. Tuy nhién, nudc khai
6 thi Stiff TL-8P —Nubcviams lan cin 1 thac nhanh chéng xam nhép theo cac kénh dan c6 @6 tham
_T:f;:'?zmo fancan2 cao (cac khe nut I6n lién théng truc tiép tang nudc day véi
(Na+K)/1000 oo o giéng khai thac) nhu minh hoa trén mat cét dia chan. Ché do
7 TL-8P(13/06/2014) khai thac dugc duy tri trong mét thai gian dudi anh hudng
7 TL-8P(18/12/2014) ca nudc xam nhap dang ma nudc. Tham chi ca hai co ché
;7 — TL-8P(09/05/2015) o n A ax ; i i X X oA
P I oo nudc xam nhap da quan sat dugc & cac giéng nay. Ca ché xam
Ca/100 3 N
2 a_3 < =2 ll ] 3 3 2 nhap dang mid anh hudng lén khai thac trong vai thang dau
N A va nhanh chéng chuyén sang anh huéng bdi co ché dang
kénh dan truc tiép.
Mg/100 50,7100 Déc biét giéng TL-8P da dugc diéu chinh nhiéu muc luu
Meq// lugng khai thac trong vong 100 ngay dé theo déi kha nang

Hinh 5. Dd thi Stiff so sdnh cdc mau nudc phdn tich cho giéng TL-8P theo thoi gian gia tdng dong tlr cac khe nut viing gan dinh. Két qua thuc té
Bding 2. Két qud phan tich nudc tir cdc giéng khoan cda via méng Thang Long

Nudc via Nudc via TL-8P TL-1P TL-1P  TL-8P TL-1P  TL-8P

lon LS1.01.12 LS1.01.58 molan mo lan (13/6/  (13/6/ (1771 (18/12/  (9/5/ (9/5/
can 1 can2 2014) 2014) 2014) 2014) 2015) 2015)
Sodium Na* 16.052 11.226 5.649 2403 10352 22101 9020 8314 5732 5643
Potassium K* 281 128 453 4075 173 263 102 154 280 179
Calcium Ca** 4912 4198 2.909 2786 3690 3814 2534 3422 5320 5200
Magnesium Mg?*  1.335 1136 10 37 168 154 91 142 72 %
Chloride CI- 35678  27.944 14.914 19834 22609 38697 19986 19216 19525 19.170
Bicarbonate 439 308 68 219 267 435 267 272 250 275
(HCO,)
Sulphate (50,)* 1478 1342 47 20 358 974 366 101 58 49
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cho thay, cac khe nit nay cho dong khitang chénh ap nhu
mong dgi vi d6 tham vung can giéng TL-8P cao (d6 tham
trung binh ~ 87mD). Sau mot thai gian duy tri khai thac
vGi ché dé nay (khai thac & luu lugng cao), nudc bat dau
theo kénh dan xam nhap vao giéng. Thai diém nay, ché
doé khai thac dugc duy tri & muc t6i uu d€ han ché cac
kénh nudc xam nhap khac. Tai giéng TL-1P, nudc khai thac
chuyén sang xam nhap theo kénh dan rat sém vi dé thdm
vung than dau kém va nang lugng via da giam xuéng
thap. Phuong phap tang luu lugng khai thac khong ap

D6 thi Stiff TL- 1P —Nu&cviaméd lan can 1

—Nudcviamo lan can 2
(Na+K)/1000 Cl/1000 - TL-1P(13/06/2014)
TL-1P(01/07/2014)
— TL-1P(09/05/2015)
HCO,/10
—_— &
4 = 1 2 3 4
R\
Mg/100 S0,/100

Meq/I

Hinh 6. DG thi Stiff so sdnh cdc mdu nudc phan tich cho giéng TL-1P theo thoi gian
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Hinh 8. Mdt cdt dia chdn (a) va do thi K.S.Chan cho giéng TL-8P (b)
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DO thi Stiff méng ndt né mé Thang Long (TL-BM)
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an OOO—Nuécvia moélancani
—Nudcviamédlan can2
— TL-8P(18/12/2014)
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Hinh 7. Gidn dé Stiff tong qudt nudc via khai thdc tir via méng nit né via Thdng Long
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Hinh 9. Mdt cdt dia chdn (a) va do thi K.S.Chan cho giéng TL-1P (b)
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Bdng 3. Bién dg thay doi ctia cdc ion trong nudc via

lon (Na+K)/1000 Ca/100 Mg/100 S0,/100 HCO,/10 C1/1000
Tolerance ~(0,21-0,39) —(1,27-4,36) —(0,01-0,12)  (0,004—0,076)  (0,11-1,18) (0,42 —0,63)
(meg/L) -0,28 -2,68 -0,05 0,002 0,64 0,55

dung cho giéng TL-1P vi d6 tham trung binh thdr via kém
(d6 thadm trung binh ~ 1,7mD). Néu tang khai thac sé tao
thém nhiéu kénh dan cho nudc xam nhap.

TU co ché khai thac nudc va tinh chat via chda, nha
diéu hanh dua ra cac phuong én diéu chinh dé duy tri
t6i uu. Trong via méng nut né, thai gian chuyén déi gitia
nudc xam nhap dang ma va dang kénh dan truc tiép la
rat s6m néu khai thac vugt muc. Do do, can phai lién tuc
cap nhap d6 thi K.S.Chan dé theo déi dong thai via va toi
uu khai thac.

Dé& ting muic d6 chinh xac trong du bao ca ché nudc
xam nhap, nén ap dung phuong phap dé thi vao cac
giéng G via mong nut né vdi lich st khai thac lau hon. D6
thi K.S.Chan da cho thay hiéu qua thuc té trong hoat déng
theo déi va quan ly khai thac.

4. Két luan

Phuong phap dé thi gitp xac dinh s6m nudc via tu
céac giéng khoan dau khi trong via méng ndt né bé Ctiu
Long. Biéu hién thay déi dusng bao Stiff chia thanh 3 giai
doan chinh: giai doan dau nudc khai thac chl yéu la nudc
ky thuat, giai doan 2 la nudc via va giai doan 3 c6 nudc
xam nhap.

- Khi xac dinh nudc khai thac la nuéc via, bang
phuong phap dé thi K.S.Chan sé phan tich dugc déng thai

NUGC via va sém phat hién khai thac nudc vuot muc. Tu do,
diéu chinh ché dé khai thac cho phu hop vai déng thai via
dé tang thu héi dau - khi.

- Pudng bao nudc via téng quat tir méng nit né moé
Thang Long da dugc xady dung la nguén tham khao cho
phan tich nudc khai thac tir cac via khac trong bé Cliu Long.

- Ap dung phuang phéap nay cho cac giéng khac va
danh gid, so sanh véi cdc phuong phap khac.
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Determination of source and breakthrough mechanism
of water production in Thang Long field fractured basement
reservoir by Stiff diagram method

Summary

Le Minh Vu, Tran Thai Son, Vu Viet Hung
Lam Son Joint Operating Company
Email: vulm@lsjoc.com.vn

During the production phase, produced water has been constantly analysed to monitor well performance and water encroachment
so as to come up with a mitigation plan to optimise production and diagnose scale deposit and erosion. In this paper, the Stiff diagram
[1] is employed to evaluate the water source by plotting chemical indicators and determine the water-out mechanism in the production
wells of Thang Long field by a hypothesis developed by K.S.Chan [2]. Those methods have the advantages of being simple, handy and
cost-effective which allow the operators to easily monitor production, determine the water breakthrough mechanism and optimise well
production performance in the long run.

Key words: Water analysis, water breakthrough mechanism, excessive water production, fractured basement reservoir, diagram method.
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