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Tom tat

X Iy acid Ia phuong phap phé bién dé x( Iy nhiém ban ving can day giéng, gitip phuc héi nang sudt cta giéng sau thoi gian khai
thc. Tuy nhién, cdng nghé nay ciing tiém an i ro, ¢d thé gay hong giéng bi dé phat sinh cac phan (ing héa ly hodc hoa hoc thi cap do
lya chon khong chinh xac thanh phan va ham lugng acid. Cac phan ting héa ly dién ra trong via chia chd yéu la phan tng dién ly thudn -
nghich nén can kiém soat chiéu phan ting theo huéng c6 loi.

Bai bao gidi thiéu viéc van dung cac nguyén Iy vé can bang pha, héa keo va dién ly dé c6 thé lya chon chinh xac hé acid tuong thich
v6i thanh phan dét dd, chat luu trong via chita, d6ng thai han ché t6i da cac phan ting phu cd thé tao ra két tda hay nhii tuong/chét keo
lam bit nhét, pha hiy via. Gidi phdp nay da dugc ap dung thanh cong cho giéng khai thac BRS-13 va BRS-18, mé Bir Seba, L6 433a &
416b, Algeria.

Turkhoa: Xt Iy acid, cén bang pha, héa keo, xt Iy cén déy giéng, khoi phuc khai thac, md Bir Seba.

1. Giéi thiéu

Mo Bir Seba nam trong vung Touggourt Algeria, sa
mac Sahara, cach tha dé Alger khoang 550 km vé phia
Déng Nam va céch mo Hassi Messaoud khoang 100 km vé
phia Dong Bac [1]. M6 dugc khai thac turthang 8/2015, luu
Iugng hién tai dat khoang 18.000 thung dau/ngay theo co
ché giam ap tu nhién (chua c6 su ho trg clia nudc bom ép
hodc hé théng gas lift) vai téng s6 16 giéng khai thac tu
déi tugng cat két tang Hamra. Téng trir lugng dau thu hoi
uéc dat khoang 8% trir lugng dau tai ché, tuong duong
30% so vdi tong lugng dau cé thé thu héi. Ban dé dang
sau ndc tdng Hamra va sa dé vi tri cac giéng dugc thé hién
nhu Hinh 1.

BRS-13 la giéng khai thac chu luc nam & khu vuc
trung tdm mo Bir Seba, c6 luu lugng khai thac dau ban
dau khoang 2.000 thung/ngay. Tuy nhién dén cudi thang
4/2021, luu lugng khai thac suy gidam dét ngét xudng con
700 thung/ngay. Sau khoang thoi gian déng giéng cho

O R C1]
- Ngay nhdn bai: 1/2/2023. Ngay phdn bién ddnh gid va stia chita: 1- 28/2/2023.

&] £33 Ngdy bai bdo dugc duyét dang: 28/11/2023. Hinh 1. Ban d6 ddng sdu ndc tdng Hamra va so 6 vi tri giéng [2].
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Hinh 2. Déng thdi khai thdc giéng BRS-13 va cdc dot can thiép giéng [2].

chién dich bdo dudng toan mo vao cudi thang 10/2021,
giéng c6 biéu hién luu lugng khéng 6n dinh va diing han
(Hinh 2) khai thac dan t6i san luong khai thac toan mé luén
G muc thap hon thiét ké ctia hé théng, anh hudng I6n dén
hiéu qua kinh té€ ctia du an. Nha diéu hanh da thuc hién cac
bién phap can thiép giéng nhu: bam rira mudi long giéng,
goi dong bang nitro, x{ ly ving can day giéng bang bom
dung dich HCI néng d6 15% nham dua giéng cho dong tré
lai, nhung két qua déu khong dat ky vong. Viéc tim ra giai
phap khéi phuc khai thac cho giéng BRS-13 ¢ y nghia rat
I6n trong viéc dam bao ké hoach san lugng, duy tri dugc
quy giéng theo dung chién lugc phat trién mo.

2. Phuong phéap xti ly viing can day giéng bang acid
2.1. Nguyén ly co ban ciua phadn ung dién ly

Trong cac gidi phap cong nghé xd ly nhiém ban viing
can day giéng thi phuong phap acid 1a phd bién nhit,
giup phuc héi ndng suat ctia giéng sau thaoi gian khai thac
[2]. Tuy nhién, cdng nghé nay cling tiém &n ri ro khi lua
chon khéng chinh xac thanh phan va ham lugng acid lam
phat sinh cac phan ng phuy, cé thé gay héng giéng. Cac
phan tng hda ly dién ra trong via chita chd yéu la phan
ung dién ly 2 chiéu. Bang cach nam viing va van dung cac
nguyén ly vé can bang pha, hoa keo va dién ly, c6 thé lua
chon chinh xac hé acid tuang thich véi thanh phan dat da,
chat luu trong via chua, thic ddy duoc chiéu phan tng
héa hoc nhu mong muén, han ché téi da cac phan tng

phu, tranh tao ra cac két tda hay nhi tuong/chat keo lam
bit nhét pha huy via.

Cac hén hop acid chut yéu dugc st dung dé xur ly ving
can day giéng la dung dich acid muéi (thanh phan cha
yéu la HCl) va acid sét (thanh phan chinh Ia HF). Dung
dich acid mu@i c6 tac dung hoa tan thanh phan carbonate
clia da chua, cac lang dong mudi vé co, hoa tan mot phan
sét da chua va sét gay béi ldng nhiém ban vung can day
giéng. Con acid sét hoa tan vat liéu nhiém ban vé cg c6
chira cac khodang sét SiO, [3, 4]. Cac phuong trinh phan
Ung phd bién gilia cac acid HCl, HF va khoang vat trong
via nhu sau:

CaCO, + 2HCl - CaCl, + CO,’ + H,0 (M
CaMg(CO,), + 4HCI - CaCl, + MgCl, + 2C0," + 2H,0 (2)

Si0, + 4HF <> SiF, + 2H,0 3)
SiF, + 2F- < SiF - (@)

SiF + H,0 <> H Si0, + 4HF + 2F- (5)
Al + 3F- < AIF, (6)

Al + 30H- — AI(OH), 7)

Céac phuaong trinh héa hoc (3), (4), (5), (6), (7) la phuong
trinh dién ly 2 chiéu. Chiéu phan ng sé phu thudc vao
néng dé cac chat tham gia phan tng, diéu kién nhiét do,
ap suat dién ra phan ting. Néu khéng chu y dén dac diém
thach hoc cuia via chira cling nhu diéu kién thay déng luc
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thi khi bom acid véi néng d6 khong thich hgp sé gay
ra chiéu phan (ing ngugc hodc phan ting phu khong
mong mudn nhu phuong trinh (8), (9), tao ra cac két
tda thu cap (AIF3, AI(OH)3, CaSiF,, Na,SiF,, hodc hinh
thanh nha tuong...) [51.

2Na' + SiF > — Na,SiF, @)
Ca?* + SiF - > CaSiF, )

2.2. Xdc dinh cdc vdn dé anh hudng téi khd ndng
cho déng cia giéng

2.2.1. Cum nuéc cuc bé (water blockage)

Két qua khao sat gradient ap suat tinh trong diéu
kién 6n dinh (Hinh 3) cho thdy c6 cot nuéc xuat hién
tur @6 sdu 2.000 m xuéng day giéng. Turviéc phan tich
56 liéu khai thac (md chua ti€n hanh bom ép nuéc,
giéng BRS-13 nam & khu vuc trung tam, cach xa ranh
giGi dau nudc, két qua phan tich ham lugng nudc...)
c6 thé day la nudc ky thuat (tich tu t& nhiing lan
dung nudc ky thuat bom rira mudi trong 1dng giéng).
Do giéng bi déng trong chién dich déng mé dé bao
duéng thiét bi (tuan cudi thang 10/2021), két hgp véi
ap sudt via bi suy gidm sau khoang thai gian dai khai
thac nén da gdy ra hién tugng tich tu léng (liquid
loading). Day la nguyén nhan chinh dan téi sy xuat
hién cla cdt nudc, sau dé nudc xam nhap ngugc vao
via, tao thanh cac cum nudc cuc b trong vung lan
can day giéng lam suy giam nghiém trong d6 tham
hiéu dung ctia dau.

2.2.2. Xudt hién hén hgp keo asphaltene (sludge)

Nhom tac gid da st dung phuong trinh trang
thai CPA EOS [4] két hgp véi nguyén ly can bang
pha dé du bao kha ndng mat 6n dinh cla hé chat
luu. Két qua cho thdy chat luu & mo Bir Seba co chura
nhiéu thanh phan hydrocarbon no (1én t&i 67%) dé
tao asphaltene (Hinh 4 va Bang 1) [6]. Tai diéu kién
via ban dau, chat luu via & trang thai can bang 1 pha
(dau). Tuy nhién, sau khoang 7 nam khai thac, ap suat
via suy giam manh (tur 8.000 psi xudng con 5.000 psi)
dan t&i ap suat dong G day giéng luc khai thac giam
xuéng dudi gia tri ap suat tao asphaltene (4.800 psi),
chat luu bi pha v trang thai can bang pha ban dau,
c6 su xuat hién cta pha mai (pha ran) la asphaltene
(Hinh 5) trong 6ng khai thac. Khi bom rita cén vé co
bang HCl néng d6 cao (nha diéu hanh da bom HCI
vGi ndng d6 15%), néu gap asphaltene sé tao thanh
hén hgp keo. D& kiém chiing van dé nay, nhom tac
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Hinh 3. Két qud khdo st dp sudt tinh cla giéng BRS-13 [2].
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Hinh 5. M6 phdng du bdo diéu kién thanh tgo asphaltene bdng phuang trinh trang thdi E0S [7].
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Hinh 6. Két qud thi nghiém tuong tdc ddu véi HC 15% [2].

Bding 1. Két qud phan tich thi nghiém dp sudt tao asphaltene

Nhiét d6 (°C) Ap suat tao asphaltene (psia)
124 3.490
101 3.400
79 3.500
57 3.720
35 4.220

Bang 2. Két qud phuc héi @6 thdm bdng td hap acid

Mau I6i DPothambandau D tham sau khi phuchdi  Gia tang d6 thim
(mD) (mD) (%)
#1 74 10,5 142
#2 3,0 6,3 210
#3 95 13,0 137

Bom acid HCl 6% Bom acid HCl 6%

Bom chat Acs M Bom 6 hop HCl 6% . Bom 6 hop HCl
+HF1,5% J 6% + HF 1,5%

Hinh 7. Quy trinh xit Iy ving cdn ddy giéng BRS-13 béng t6 hp acid H(l 6% + HF 1,5%.

gia da tién hanh thi nghiém, két qua cho thay khi HCl c6 néng do cao
han 6% sé tuong tac véi asphaltene trong dau via tao thanh hén hop
keo hodc nhi tuong (Hinh 6) gay bit nhét via, dan t&i giéng mat kha
nang khai thac.

3. Két qua xtr ly va dong thai khai thac giéng
3.1. Nghién ciru va dé xudt huéng xur ly

Trén co s& xac dinh dugc nguyén nhan giéng BRS-13 khéng cho
dong, nhom tac gia da tién hanh thi nghiém trén mau 16i va mau chat
luu ctia via dé tim t6 hop thanh phan acid véi néng d6 dung dich
thich hgp cho viéc xtr ly ving can day giéng bi nhiém ban do dung
dung dich nang CaBr,. Két qua phan tich thanh phan thach hoc cho
thdy déi tugng da chidia tang Hamra c6 thanh phan thach anh (quartz)
chiém tGi 95 - 97%, ngoai ra con c6 khoang vat nhu calcite, dolomite,
barite, halite, kaolinite... Do vay, can diéu chinh giam nong dé HCl va
st dung thém HF d€ hoa tan thach anh theo phuang trinh (3), (4), (5).
Nhom téac gia da tién hanh nghién cdu t6i uu dua trén phan tich thi
nghiém va két qua cho thay, t6 hgp acid HCl 6% + HF 1,5% c6 thé cai
thién rat tot d6 tham cua via, dat tlr 137 - 210% so vaGi dd tham ban
dau ctia mau 16i (Bang 2).

Dua trén két qua phan tich nay, nhém tac
gia da thiét ké chuong trinh xtt ly dé khéi phuc
khai thac giéng BRS-13 nhu sau:

- SU dung xylene hoat tinh dé hoa tan
can asphaltene trong giéng, dong thai lam
gidm stic cang bé mat dau - nudc va lam giam
su bam dinh bé mat cac hat can.

- Strdung hgp chat hoat tinh bé mat AGS
(tén thuong mai) dé lam gidm do tham hiéu
dung cla nudc, ngan khéng cho nudc xam
nhap vao via.

- BomHCI 6% dé rita cac hgp chat, phong
ngtia gay két tua vai HF.

- Bom t8 hop HCl 6% + HF 1,5% d& xi Iy
vung nhiém ban.

- Bom chét ngan cach nuéc.

- Bom lai t6 hgp HCI 6% + HF 1,5% dé x{
ly viing nhiém ban.

3.2. Két qua xir ly va déng thdi khai thdc
giéng BRS-13

Sau khi diéu chinh néng dé acid, tién hanh
bé sung thém mot s6 thanh phan nhu xylene
hoat tinh bé mat, chat AGS, giéng BRS-13 da
dugc xt ly 1am sach nhiém bin vung can day
giéng va cho dong tré lai. K&t qua phan tich s6
liéu khai thac cho thay gi€éng da lam viéc tré lai
va khéi phuc dong chay nhu thsi diém truéc
khi bi nhiém ban (~ 1.000 thung/ngay) (Hinh
8). Ngoai ra, gi€éng van duy tri 6n dinh déng
thai khai thac dén thai diém hién tai, gép phan
dadm bdo san lugng khai thac mo theo han
ngach hang thang nudc chd nha da giao.

3.3. Ap dung mé'réng cho giéng BRS-18

Giéng BRS-18 dang bi lang dong can
manh véi chu ky lang dong hién khoang 4 - 5
thang. Néu khéng co cac bién phap xu ly viing
can day giéng thi luu lugng giéng sé bi giam
manh, gan nhu khéng khai thac dugc. Lan gan
day nhat, giéng da dugc xu ly vung can day
giéng bang HCl 15% vao thang 9/2021, cho
két qua gia tang luu lugng thém 500 thung/
ngay. Trén cad s& két qua dat dugc khi xu Iy cho
giéng BRS-13, nhém tac gia da ap dung ma
réng cho giéng BRS-18 bang viéc st dung t8
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Hinh 9. Két qué xi Iy acid giéng BRS-18 [2].

hgp acid HCl + HF v&i nbng d6 va quy trinh da thuc hién 4. Két luan
cho giéng BRS-13. K&t qua cho thdy bang giai phap nay da

gia tang dang ké hiéu qua xu ly, ting luu lugng khai thac
thém 1.000 thung/ngay (hiéu qua gép déilan xt ly trudc).
Két qua va déng théi khai thac cla giéng BRS-18 dugc thé

hién trong Hinh 9.
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Trén co s& danh gia két qua thi nghiém cac mau chat
luu, phan tich déng thai khai thac cac giéng va diéu chinh
chuong trinh xtt ly acid cho viing can day giéng, nhom tac
gia da khéi phuc khai thac thanh céng cho cac giéng BRS-
13 va BRS-18. Hiéu qua cla giai phap nay gom:
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- Van dung cac quy luat vé can bang pha dé du doan
su hinh thanh va cé mat cta asphaltene trong diéu kién
khai thac hién tai, la tién dé quan trong cho viéc xac dinh
r6 nguyén nhan khéng thanh céng & cac lan xu ly trudc.

- Giam rui ro ky thuat va cung cap chinh xac cac
thong s6 quan trong cho cong tac xt ly acid nhu thanh
phan t8 hgp acid, néng dé, trinh tu thuc hién cac budc...
dé tranh dugc cac phéan ting phu khdng mong muén, gidm
thiéu nguy co lam tdng muic dé nhiém ban cla giéng, va
phuc héi khai thac cho cac giéng.

- Khoi phuc va dua giéng BRS-13 vao khai thac tré lai
vGi kha nédng cho dong gan nhu khéng giam so vdi thoi
diém khai thac binh thudng; giup dém bao quy giéng
hoat dong, gidm bét ap luc cho cac giéng con lai. Giatang
gap doi hiéu qua xu ly acid cho giéng BRS-18 so vdi lan
thuc hién trudc d6, gidp luu lugng khai thac cta giéng
tang thém 1.000 thung/ngay.
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APPLYING PRINCIPLES OF ELECTROLYSIS, PHASE BALANCE AND
COLLOIDISATION TO ACID TREATMENT FOR OIL WELL FLOW

RESTORATION

Tran Hong Nam, Nguyen Hoang Duc, Nguyen Hai An, Phung Van Hai, Nguyen Xuan Loc

Petrovietnam Exploration Production Corporation
Email: annh1@pvep.com.vn

Summary

Acidising is a common method to treat near-wellbore contamination, helping to restore its productivity of oil wells after a period of
exploitation. However, this technology also has potential risks of well damages caused by unwanted secondary physicochemical or chemical
reactions due to incorrect selection of acid package and concentration. Most physicochemical reactions in the reservoir are bidirectionally
electrolytic, thus, monitoring the reaction in the desirable direction is extremely important.

The article introduces the application of the principles of phase balance, colloidisation and electrolysis to accurately select a package
of acids compatible with the composition of soil, rock and fluid in the reservoir, iminimising side effects creating precipitates or emulsions/
colloids that clog and destroy the reservoir. The solution has been successfully applied to production wells BRS-13 & 18, BRS oil field, Block

433a & 416h, Algeria.

Key words: Acidizing, phase balance, colloidisation, near-wellbore treatment, restoration of oil well, Bir Seba field.
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