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Tom tat
Bai bdo ddnh gid nguyén nhan va gidi phdp cho hién tuong suy gigm hé sé san phdm (Productivity Index - Pl) trong
qud trinh bom ép nu'éc déi véi mét giéng khai thdc tirtdng méng ngoai khoi bé bién Viét Nam do Vién Ddu khi Viét Nam
(VPI) nghién citu. Hién tuong sa ldng muéi vé co tai khu vuc cdn ddy giéng va ddy giéng dé duoc ddnh gid bdng phdn
mém chuyén dung ScaleChem 9.2 va cdc thiét bi thi nghiém mé phéng mé hinh via é diéu kién dp sudt cao, nhiét dé cao.
Su'phéi trén khéng tuong thich giira nuéc bom ép va nuéc tir dung dich khoan la nguyén nhén chinh géy ra hién tuong
sa ldng (chd yéu la CaSO,) va suy gidm hé s6 san phdm. Dua trén thanh phan va ham luong cdn sa ldng, nghién ciu dé

dua ra gidi phdp dé€ loai bé sa Idng va phuc héi hé sé san phdm, ndng cao hiéu quad khai thdc.

Tirkhéa: Sa ldng mudi, bom ép, dung dich khoan.
1. Gidi thiéu

Trong qua trinh khoan va hoan thién giéng khai théac
& tang méng c6 dd sau lan, théng thudng st dung céac
dung dich khoan c¢ ty trong Ién chia ham lugng CaCl,,
CaBr, cao. Mét lugng rat 16n dung dich khoan sé dugc
bom vao via va cé thé khdng dugc thu héi lai. Lugng dung
dich khoan khong thu héi dugc nay sé nam lai tai khu vuc
can day giéng cla cac giéng khai thac. Sau mét thai gian
khai thac khi dp suat via bat dau sut gidm néu khong cé
su ho trg clia nudc thanh hé, can phai tién hanh bom ép
nudc vao via dé duy tri ap suét.

Nudc bién thudng dugc st dung lam nudc bom ép dé
duy tri ap suat via va nang cao hiéu qua trong giai doan
khai thac. Tuy nhién, viéc sit dung bom ép nudc cé thé
hinh thanh sa [ang mudi v co tai khu vuc can day giéng
va day giéng clia giéng khai thac dan dén bit nhét cac
kénh dan va lam gidm hé s6 san phdm. C6 2 nguyén nhan
chinh gay ra sa lang [1]:

- Saladng do suthay d6i ap suat, nhiét dé tu trong via
dén day giéng khai thac;

- Saldng do tuong tac khong tuang thich gitia nudc
bom ép va nudc via (nudc via ndi tai hoac nudc tu qua
trinh mat dung dich khoan).

Su sut gidm hé s8 san phadm trong qua trinh bom ép
nudc da xay ra tai mé SCL, bé Cru Long, thém luc dia Viét

Nam. Giéng 1P-SCL la giéng khai thac chinh cia mé SCL va
khai thac tir tdang méng. Dung dich CaCl, (ham lugng Cl-
200.000mg/L) da dugc st dung dua vao dung dich khoan
véi lugng mat dung dich khoan khéng thé thu héi khoang
140.000 thung. Sau mot thai gian khai thac, ap suat via
gidm dan, nudc bién dugc bom ép vao mé SCL. 6 ngap
nudGc (watercut) clia gi€ng 1P-SCL trong thoi gian dau
khai thac kha thap va dot ngét tang manh (bat dau xay ra
hién tugng nuéc xam nhap) sau khoang 2 nam ké tur thai
diém bat dau bom ép nudc. Pong thdi, gia tri Pl cling gidm
manh 50% chi sau 6 thang. Van dé sa ldang mudi vé ca tai
khu vuc day giéng da dugc dat ra va nghién ciru dé tim
gidi phap phuc héi hé s6 san pham.

Trén co s& dd, Trung tdm Nghién cdu Tim kiém Tham
do va Khai thac Dau khi (EPC), Vién Dau khiViét Nam da st
dung phan mém ScaleChem 9.2 va thiét bi thi nghiém mé
phong mé hinh via & diéu kién nhiét d6 cao, ap suat cao
dé nghién ctu danh gia thanh phan cin sa ldng va ham
lugng mudi sa lang, tir d6 dua ra cac giai phap hiéu qua
dé phuc hoi hé s sdn pham, nang cao hiéu qua khai thac.

2. Thanh phan nuéc khai thac ctia giéng 1P-SCL

Giéng 1P-SCL dugc dua vao khai thac véi ap suat via
thai gian dau khoang 7.200psi va d6 ngap nudc rat thap
(dudi 3%). Sau 5 nam, ap suat via giam lién tuc con 5.600psi
chiing t6 ap suéat via hau nhu khéng dugc hé trg bai tang
chtia nudc trong via. Mt khac, phan tich thanh phan nudéc
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khai thac cia giéng 1P-SCL cho thay thai gian dau ham lugng ion CI
rat cao, sau d6 giam dan khi bat dau co hién tugng nudc xam nhap.
Giéng 1P-SCL dugc khai thac tai tang méng noi c6 d6 sau han 4.000m
nén trong qua trinh khoan va hoan thién giéng da st dung dung dich
khoan ty trong cao c6 thanh phan chi yéu la CaCl,, véi ham lugng CI
rat cao (200.000mg/L). Nhu vay, c6 thé thay kha nang nudc khai thac
cUa giéng 1P-SCL trong thai gian dau chinh la nudc mat ti dung dich
khoan va khéng tén tai nudc via nguyén sinh clia giéng 1P-SCL. So
sanh vai két qué phan tich ham lugng téng ran hoa tan TDS clia giéng
1P-SCL véi nudc via tdng mong cac via khu vuc 1an can ciing khang
dinh diéu nay. Theo dé, néu tang méng thuc sy ton tai nudc via thi gia
tri TDS thudng khéng cao qué 40.000mg/L, tuy nhién thdi gian dau
nudc khai thac cia 1P-SCL Ién dén trén 90.000mg/L.

Sau khi bom ép nuéc dugc 2 ndm, ham lugng ion Cl trong nudc via
gidm dan (Hinh 1), d6ng thai d6 ngap nuéc tang dét bién. Nhu vay, sau
2 ndm bom ép nudc bat dau co hién tugng xam nhap tai giéng 1P-SCL.
Sau thdi diém nay, nudc bom ép sé phéi tron véi lugng nudc tir qué trinh
mat dung dich khoan con lai (khoang 25.000 thung) lam cho ham lugng
ion CI giam dan cho dén khi khéng con nudc mat ti dung dich khoan.

Dac biét ion CI thusng dugc st dung nhu moét chat danh dau
tu nhién trong viéc xac dinh ngudn géc nudc khai thac [2]. O trang
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Hinh 1. Biéu dé dién bién ham liong CI- va dé ngdp nudc

bay giéng

Hinh 2. Co ché hinh thanh cdn sa ling tai ddy giéng [4]
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théi ion, khi di vao via, ham lugng CI hau
nhu khéng bi thay déi do tuong tac dat da va
nudc ma chi bi thay déi khi cé su phéi tron véi
moét ngudn nudc ¢ ham lugng Cl khac biét.
S dung ham lugng ion CI trong thanh phan
nudc khai thac c6 thé tinh toan ty 1& phoi tron
gilta nu6c bom ép (nudc bién c6 ham luong
Cl khoang 19.000 - 20.000mg/L) va nudc tu
qua trinh mat dung dich khoan (c6 ham lugng
CI200.000mg/L).

Theo dir liéu phan tich thanh phan nudc
via, cdc mau nudc cla giéng 1P-SCL sau thoi
diém nudc xam nhap, ham lugng ion CI
gidm nhanh va sau d6 git 6n dinh & khoang
30.000mg/L trong thai gian tuong déi dai
khoang 15 thang, tuang Ung vdi khoang thoi
gian d6 ngap nudc én dinh va gilr & muic cao.
Tinh toan cho thay, ty 1é phoi trén clia nudc
bom ép véi nudc tir qua trinh mat dung dich
trong khodng thai gian nay la khodng 95:5. Ty
[& nay la phu hgp véi lugng nudc tur qua trinh
méat dung dich khoan con lai trén téng sé
nudc khai thac trong thai gian nay.

3. Co ché sa lang mudi chinh va nguyén
nhan

Qua phan tich thanh phan nuéc khai thac
va nudc ti qué trinh mat dung dich khoan
nhu trén, c6 thé thay hién tugng sa Idng mudi
xay ra tai day giéng khai thac 1P-SCL theo 2
nguyén nhan chinh sau:

- Su phéi tron khong tuong thich gidia
nudc bom ép (nudc bién) va nudc tir qué trinh
mat dung dich khoan:

Nudc bién chdia ham lugng ion SO,* rét
cao (khoang 2.500mg/L), khi gdp nudc mat
tir dung dich khoan véi ban chéat la dung dich
CaCI2 véi ham lugng Ca?* cao, sé hinh thanh
muoi CaSO,, la mot mudi c6 do tan rat thap tai
nhiét d6 cao va ap suat cao [3]:

Ca** + 50 — CaSO 4

- Su thay d&i dot ngdt ap sudt tu via ra
long giéng:

Khi dong chat léng tir via chay vao day
giéng, ap suat dot ngét giam, dan dén su tach
khi CO, tlr trong nudc ra pha khi, lam chuyén



PETROVIETNAM

dich can bang clia phan Uing tuong tac gitta ion Ca?* va HCO," theo
chiéu hinh thanh muéi CaCO,. Bong thai khi CO, trong nudc thoét ra,
sé lam tang pH clia nudc va lam gidm d6 tan cia CaCO, [3]. Hinh 2 thé
hién co ché hinh thanh can sa lang vé co tai day giéng.

Ca? + 2HCO, « CaCO,L + CO, + H,0
4. M6 phong qua trinh hinh thanh can sa ldng bang thuc nghiém

4.1. Chudn bj va tién hanh thuc nghiém mé phéng

SU dung hé théng thiét bi thi nghiém ap suat cao, nhiét do6 cao
tai Phong thi nghiém cta Trung tam Nghién ctu Tim ki€ém Tham do
va Khai thac Dau khi (EPC) - VPI, nghién ctru da mé phong lai qua
trinh phoi trén gitia nudc bom ép va nudc tir qua trinh mat dung
dich khoan va qua trinh gidm &p ti via ra day giéng. Cac diéu kién
ap suat, nhiét dé tai via va day giéng dugc mé phong ding nhu diéu
kién thuc té. Ty 1& phéi tron gilta 2 ngudn nudc la 95:5 nhu tinh toan.
Can sa lang hinh thanh sau dé dugc thu héi va tién hanh xac dinh
ham lugng cling nhu hinh thai tinh thé va thanh phan héa hoc qua
phan tich SEM-EDS va nhiéu xa tia X-XRD. Thanh phan nuéc bom ép
va nudc tur qua trinh mat dung dich khoan cling nhu diéu kién thi
nghiém dugc mé ta trong Bang 1.

Hinh 3. Hé thong thiét bj thi nghiém dp sudt cao, nhiét dg cao

Bding 1. Thanh phdn nudc bom ép va nudc tir qud trinh mdt dung dich khoan

Thanh phan mg/L Thanh phan mg/L
Nuéc bom ép
Na* 11.068 cr 19.564
K* 407 SOz 2418
Mg+ 1138 HCO; 138
Ca* 414 pH 7,72
Nudc tir qua trinh mat dung dich khoan
Ca? 115.800 cr 205.000

Bding 2. Diéu kién nhiét d dp sudt tai via va ddy giéng 1P-SCL

Diéu kién Nhiét dé (°C) Ap suat (psi)
Via 150 5.350
Day giéng 140 4.000

4.2. Két qua thuc nghiém mé phéng

Két qua chup anh SEM cho thay c¢6 2 loai
tinh thé rd rét, mot loai dai cé cau tric hinh
kim, déc trung cla tinh thé CaSO, va mét loai
kha min, kich thuéc nhé ddc trung ctia CaCO,
hinh thanh trong diéu kién ap suat cao.

Phan tich thanh phan nguyén t6 cho thay
céc tinh thé dai bao gém 3 nguyén té chinh la
Ca, S va O, trong khi céc tinh thé nhé va min
hon gém 3 nguyén t6 chinh la Ca, Cva O.

Phan tich nhiéu xa tia X cho thdy cac
peak dac trung cta 2 loai tinh thé Gypsum

Hinh 4. Anh SEM mdu cdn sa lding thu dugc tir thurc nghiém

Nguyén té (keV) Khéi lugng (%)
(6] 0,525 13,47
S 2,307 43,21
Ca 3,690 43,32
Téng 100,00
Nguyén té (keV) Khéi lugng (%)
C 0,277 14,6
(0] 0,525 19,92
Ca 3,690 65,43
Téng 100,00
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Hinh 5. Gidn d6 XRD cia mdu cdn sa ldng thu duroc tir thuc nghiém
(CasoO,) va Calcite (CaCo,) vai ty lé thu dugc lan lugt 1a 96% va 4%
tuang ung.

Téng chat rdn thu dugc trong qua trinh thuc nghiém 13 2.089mg/L.
Két qua thuc nghiém cho thdy, trong giai doan sau thai diém nudc
xam nhap, qua trinh phoi tron khéng tuong thich gida nuéc bom ép
va nudc ti qua trinh mat dung dich khoan va gidm ap tai day giéng
da hinh thanh mét luong dang ké chat ran vai thanh phan cha yéu la
CaSO, va mét lugng nhé CaCo,.

5. Mé phéng qua trinh hinh thanh cén sa ldng bang phan mém
5.1. Nguyén tdc tinh todn ctia phdn mém mé phoéng sa ldng

Xu hudng tao can (Scale Tendency) dugc dinh nghia la ty 1é tich
s6 hoat d6 ion (ion activity product) trong phuong trinh can bang véi
tich s6 hoa tan clia tiing chat riéng biét. Ty 1é nay c6 lién quan dén chi

s6 bao hoa. Goi tich s6 hoat dé ion 1a Q, xu huéng tao cén la ST, cong
thuc xac dinh ST nhu sau:

ST=Q/K,
Trong d9, tich s6 hoat d6 ion Q dugc tinh nhu sau:
Q=y,xm,
¥ Hé s6 hoat d6 cliaion i;
m:N6ng dé mol ctiaion i;
K,,: Tich s6 hoa tan.

Khi ST > 1, xu hudng nhiét déng clia chat ran dugc hinh thanh,
nguaoc lai khi ST < 1, khéng c6 khd nang hinh thanh chat ran trong
dung dich.

Nhu vay, d6 hoa tan ctia mét chat ran hay kha nang hinh thanh
can phu thudc rat I6n vao gia tri tich sé hoa tan K,,- Day la mot dai
luong nhiét déng, la ham phu thudc vao gia tri nhiét do va ap suat
clia dung dich [5].
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Su phu thuéc vao nhiét dé dugc biéu thi
nhu sau:

Ln[K(T)] =A + B/T + CIn(T) + DT + E/T?
Trong do:

T: Nhiét d6 dung dich;

A, B, C, D: Cac hang sé.

Su phu thudc vao &p suat dugc biéu thi
nhu sau:

[(6InK)/(6P)] = [(AZP - AV)/RT)]
Trong do:

AZ: D6 thay d6i tinh chiu nén phan ti cta
phan Ung;

AV: D6 thay d6i thé tich ctia phan Ung;
R: Hé s6 hiéu dung.

Nghién cttu st dung phan mém Mo hinh
mo phong can sa lang ScaleChem 9.2. M6 hinh
nay co thé tinh toan gia tri ST clia cac khoang
vat tai cac nhiét do va ap suat khac nhau, sau
do dua ra ham lugng sa lang tuong Ung. Phan
mém ScaleChem 9.2 ¢4 thé tinh toan déi vai
hon 80 khoang vat khac nhau nhu: CaCO,,
CasO,, BaSO,, SrSO,, NaCl, FeS... M6 hinh mé
phong can sa lang st dung s6é liéu dau vao
goém:

- Thanh phan héa hoc phan tich nudc
gém céc chi tiéu nhu: Na*, K*, Mg*, Ca*, Ba%,
Sr, Fe*, Cl, SO %, HCO,, pH, TDS;

- Thanh phan hydrocarbon ctia khiva dau;

- Khoang thay d6i nhiét dé (T), 4p suat
(P), luu lugng khi, dau, nuéc.

5.2. Két qua tinh todn cdn sa ldng tai ddy
giéng 1P-SCL bdng phan mém ScaleChem

SU dung thanh phan hoéa hoc cta nudc
bom ép, nudc mat tir dung dich khoan va cac
khodng thay déi diéu kién nhiét do, ap suat
tU via ra ddy giéng nhu trinh bay trong muc
4.1 lam s6 liéu dau vao dé chay mé hinh mé
phong. Theo d6, qua trinh phdi trén khéng
tuang thich gitta nuéc bom ép va nuéc mat
tU dung dich khoan tai ty 1&é 95% nudc bom
ép cho thdy co sy hinh thanh 2 khoang vat la
CaSO, va CaCo, vai gid tri ST (Hinh 6).
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Hinh 6. Xu hudng tao cdn (ST) tai cdc ty Ié phdi trén khdc nhau

Tinh todn lugng cdn sa lang thu dugc tir 2 qué trinh phoi tron
khong tuong thich va giam ap tir moé hinh mé phéng cho két qua nhu

sau:
CaSO,(mg/L) CaCO,(mg/L) Téng (mg/L)
Phéi trén khéng
tuong thich 2.293 48 2.341
Giam ap 0 32 32
2.373

Nhu vay, téng lugng can sa lang tai day giéng theo mé hinh
thu dugc la 2.373mg/L. Gia tri nay kha tuong dong véi két qua thuc
nghiém la 2.089mg/L, ching té phan mém ScaleChem 9.2 dugc su
dung trong nghién ctiu d&@ mo phdng chinh xac qua trinh hinh thanh
can sa lang tai moéi trudng nhiét do cao, dp suat cao. K&t qua mod
phdng béang phan mém cling cho thay lugng can sa ldng CaSO, chiém
phan I6n va la nguyén nhan chinh lam suy gidm hé s6 san phdm trong
qua trinh phéi tron khéng tuong thich gitia nudc bom ép va nudec mat
tU dung dich khoan.

6. Giai phap xt ly

Bang thuc nghiém cliing nhu mé hinh mé phong, nghién cdu du
doan c6 moét lugng dang ké can sa 1ang vai thanh phan cha yéu la
CaSO, hinh thanh tai ddy giéng clia giéng khai thac 1P-SCL. Chinh
luong can sa lang nay da gay bit nhét cac kénh dan tai khu vuc can
déay giéng, qua dé lam tang hé sé Skin va gidm hé sé san phdm. Dé
khoéi phuc dugc hé s6 san pham, can phai xt ly phan can nay. Théng
thuding, cin sa ldng vo co c6 thé duge xir ly bang phuong phap ca hoc
va héa hoc. Tuy nhién, phuong phap co hoc chi phtu hgp véi su hinh
thanh can sa lang tai cac thiét bi khai thac trén bé mat. Con déi véi
khu vuc day giéng va can day giéng nhu giéng khai thac 1P-SCL, dé
loai bd can sa lang, phuc hoi dd tham va kénh dan thi thudng sir dung
phuong phap hoéa hoc.

CaSO, la mudi v6 co khong tan trong acid, vi thé khéng thé su

dung phuang phap xtr ly acid dé loai bo.
Hién nay, c6 2 phuong phdp hdéa hoc chu
yéu dé loai bé CaSO, la phuong phéap chuyén
hoa (converting) va phuong phap hoa tan
(chelating).

6.1. Phuong phdp chuyén héa

XU ly CaSO, véi cac hda chat nhu dung dich
(NH,),CO, va NaOH nham chuyén muéi CaSO,
thanh cadc mudi hoa tan trong acid. Sau d6 su
dung phuong phap xt ly acid thong thudng
dé loai bd, phédn Ung chinh cda qué trinh nay
nhu sau:

CaS0, + (NH,) €O, - (NH,),50, + CaCO0,

Muéi CaCO, hinh thanh sau dé c6 thé
duoc hoa tan béi HCI:

CaCO, + 2HCl - H,0 + CO,T + CaCl,
6.2. Phuong phdp hoa tan

Xa ly CasO, véi cac héa chat
dang phtc EDTA
(Ethylenediaminetetraacetic acid) hodc DTPA
(Diethylenetriaminepentaacetic acid), c6 thé
hoa tan hoan toan CaSO, ma khong can phai
chuyén héa sang dang CaCO,. Phan ting chinh
clia qua trinh nay nhu sau [6]:

cang cua nhu

CaS0, + Na,EDTA — CaNa,EDTA + Na,S0,

Nhin chung, déi vai cac giéng khai thac
tai khu vuc cé nhiét dé cao, ap suat cao nhu
1P-SCL, viéc str dung phuong phéap hoa tan véi
hoa chat c6 géc EDTA la phu hgp nhat. Uu diém
cla phuong phdp nay la hoa tan hiéu qug,
ngan ngua tai két tda, bén tai nhiét dé cao (Ién
dén 250°C), khéng gay an mon thiét bi, khéng
doc hai cho méi trudng va stic khde con ngudi.

7. Két ludn

- Nguyén nhan hinh thanh cén sa lang la
do su phoi trén khong tuong thich gitta nudc
tUr qua trinh mat dung dich khoan ¢ ham
lugng CaCl, cao va nu6c bom ép dugc lay tu
nuaGc bién;

- Su suy gidm hé s6 sdn pham cua giéng
khai thac 1P-SCL la do hinh thanh can sa lang
vGi thanh phan chinh la Caso, tai khu vuc can
day giéng va day giéng;
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- SUrdung hé théng thi nghiém ap suat cao, nhiét do
cao cing nhu phan mém mé phang da xac dinh chinh xac
thanh phan, ham lugng cén sa lang tai khu vuc can day
giéng/day giéng. Cac s6 liéu thu dugc tir thuc nghiém phu
hagp vdi tinh toan ly thuyét;

- Hoéaphdm géc EDTA la phu hgp nhat dé loai bd can
salang chd yéu la CaSO, tai vung ddy giéng/can day giéng
cla giéng 1P-SCL;

- Trong qua trinh khoan va hoan thién giéng can
than trong khi st dung dung dich khoan c6 ham lugng
Ca* cao, cling nhu can c6 cac nghién ctiu su khong tuong
thich ctia nudc bom ép trong via trudc khi tién hanh bom
ép nudc vao via dé duy tri ap suét via.
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Investigating the cause and proposing solution for the decrease
of Productivity Index during water injection in production well
using high Calcium brine as drilling mud

Summary
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The paper presents a study conducted by the Vietnam Petroleum Institute (VPI) to investigate the cause of Productiv-
ity Index decrease during water injection in a production well that produces oil from a basement reservoir, south east
off-shore Viet Nam. The formation ofinorganic scale in downhole and near-wellbore of the production well was evaluated
using the Scalechem 9.2 software and laboratory equipment modelling a high pressure, high temperature system. The
incompatible mixing of injection water and drilling mud losses was found as the main cause of scaling (mainly CasO ) and
the drop of Productivity Index. Based on the scale composition and scale amount, an effective solution has been proposed
to remove the scale and restore the Productivity Index, thereby increasing the oil production rate.

Key words: Inorganic scale, water injection, drilling mud.
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