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Anh bia: Khdi dia chdn 3D hop nhdt toan bé Ciu Long (=20.000 km?) cung cdp bd ditliéu dong bd, h tro hiéu qua
cho cong tdc tim kiém, tham do ddu khi. Anh: VP!
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4. Khai théc than ddu trong dé
mong md Bach HE: Co sé khoa
hoc, phuong phdp ludn va cdac
gidi phdp hodn thién cong nghé
khai thdc giai doan cudi

16. Nghién ciu cong nghé kiém
sodt cat cho déi tuong Miocene
dudi md Ca Tédm: DAnh gid ky
thudt, hiéu qud kinh & va tiém
ndng dp dung

25. Cdc tiéu chi lua chon bom
dién chim trong khai thdc ddu
tang chia Miocene gita, bé Clu
Long
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35. Gidi phdp cong nghé két
hop gita turbine gidn nd va van
Joule-Thomson ndng cao hiéu
qud thu hdi LPG tai Nhd mdy XU
ly khi Dinh C&

45. Gidi phap ky thuat dé cung
cdp permeate gas & Nha mdy
XU ly khi Ca Mau cho Nha may
Pam Ca Mau
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59. Nghién ctiu mé phéng qud
trinh chuyén déi amine nhdm
nang cao hiéu qud ché bién ddu
thdé ¢d ham luong luu huynh cao
tai Nhd mdy Loc ddu Dung Qudt

71. Nghién ctu ché tao chdt khir
H,S khong chua triazine cho hé
théng thu gom, x ly, van chuyén
ddu khi
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4. Oil exploitation from Bach Ho
basement reservoir: Scientific basis,
methodology and solutfions to improve
the exploitation technology at the final
production stage

15. study sand control technology for
lower Miocene reservoir in Ca Tam
field: Technical assessment, economic
efficiency and application potential

25. Criteria for selecting electrical
submersible pumps (ESP) for oil
production from middle Miocene
reservoirs in the Cuu Long basin

35. A technological solution combining
turbo expander and Joule-Thomson valve
to enhance LPG recovery efficiency at
the Dinh Co Gas Processing Plant

45. Technical solution for supplying
permeate gas from Ca Mau Gas
Processing Plant to Ca Mau Fertilizer Plant

59. simulation study of amine conversion
processes to improve the processing
efficiency of high-sulphur crude oil at
Dung Quat refinery

T1. Development of a non-triazine H,S
scavenger for oil and gas gathering,
freatment, and transportation systems

LOI GIOI THIEU

Trong béi canh thé gidi chuyén dich nhanh chong sang kinh té xanh, kinh
t€ 56 va tri tué nhan tao thong minh, véi nhiing dot pha chua timg cd vé cong
nghé va quan tri, Tong Bi thu T6 Lam yéu cau Petrovietnam tién phong trong
khoa hoc, cong nghé, d6i mi sang tao va chuyén ddi so. Day la con dudng phét
trién trong tuong lai ctia Petrovietnam trong 50 ndm, 100 ndm t6i danh ngudn
luic ddi 16n cho hoat dong nghién ctiu va phat trién tao ra cac san pham dich vu
mdi nhat 1a trong cac linh viic mii nhon, ddy nhanh ting dung cong nghé s6,
tri tué nhan tao, dii liéu I6n.

Trong s6 nay, Dac san Dau khi - Khoa hoc, cdng nghé va doi mdi sang tao
gidi thiéu cac gidi phap cdng nghé va ky thuat dé nang cao hé s6 thu hoi cho
than dau trong da mdng granite niit né mo Bach HG & giai doan cudi. Trong
d6, viéc ap dung phuong phap “tao méi trung mat can bang” dé khai thac
dau trong ddi vi nit né va nit né 1 chiéu khdng lién thong can xac dinh thoi
diém bt dau gidm ap sudt, gid tri gradient ap suat t6i thi€u/t6i da dé tao moi
trudng mat cn bang, toc do giam ap sudt toi uu, dong thoi danh gia rii ro va
bién phap khac phuc. Gic nghién ctiu quan trong khéc nhu gidi phép t6i uu dé
kiém soat cat bang thiét bi loc cét st dung 6ng thép cudn xodn (coiled tubing)
cho doi tugng Miocene dudi mo (4 Tam, gitip tiét kiém tur 1- 1,5 triéu USD so
vi phuong phap st dung gian khoan truyén thong; lua chon va thiét ké hé
thdng bam dién chim (ESP) t6i uu cho tang chiia Miocene giita bé Citu Long,
gidip kéo dai tuoi tho giéng, nang cao hé s6 thu hoi dau va dam bao tinh bén
viing cho hoat ddng khai théc.

Ciing trong s6 nay, Dac san Dau khi - Khoa hoc, cong nghé va doi méi
sang tao gidi thiéu cong nghé lam lanh ngung tu nhiét do thap két hop
turbine gidn nd va van Joule-Thomson nang cao hiéu qua thu hoi LPG tai Nha
may X Iy khi Dinh C6, gitip gia tang hiéu suat thu hoi propane vugt 85%;
nghién ctu md phdng chuyén doi amine tir diethanolamine (DEA) sang
N-methyldiethanolamine (MDEA) dé xt Iy dau tho 6 ham lugng luu huynh
cao tai Nha mdy Loc dau Dung Quat; gidi phap st dung gas ejector thu hoi
permeate gas cho Nha mdy Bam (a Mau, gitip t0i uu viéc s dung nguon
nguyén nhién liéu, gia ting san luong sdn xuat urea, giam phat thai khi nha
kinh ra méi trudng. ...

Ban Bién tap hy vong tl gc nhin clia cac chuyén gia, nha khoa hoc cling
cac giai phap vé cong nghé sé gép phan hién thuc héa chién lugc phat trién
clia Petrovietnam "Tién phong - Vugt trgi - Bén viing - Toan cau', trong d6 c6
nhiém vu trong tam 13 phat trién 10 cdng nghé chién lugc, 32 san pham chi
|uc, véi muc tiéu doanh thu tir khoa hoc cdng nghé chiém 25%.

TRUGNG BAN BIEN TAP
Phd Tong giam ddc
Tap doan Cong nghiép - Nang lugng Qudc gia Viét Nam

/'

TS. Lé Xuan Huyén
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KHAI THAC THAN DAU TRONG DA MONG MO BACH HO: CO SO KHOA HOC,
PHUONG PHAP LUAN VA CAC GIAI PHAP HOAN THIEN CONG NGHE
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Tom tat

Mé dau Bach H6 sau hon 30 nam khai thac hiéu qua, da chuyén sang giai doan khai thac cudi. Thach thic I6n nhét trong giai doan
nay la do ngdp nudc ting nhanh k€ ca cac giéng chd luc. Van dé ton tai I6n nhat Ia mot phan I6n dau trong cac ddi vi niit né dang bi ket

lai; ndng cao hé s6 thu hoi dau tir cac d6i vi niit né la rat kho khan.

Dua trén viéc danh gia thuc trang khai théc déu tai mé Bach Ho, téc gia tap trung phan tich hiéu qué cta gidi phap duy tri ap luc via;
xac dinh cac khu vuc chia dau con lai; phan tich nguyén nhan clia cac thach thic cing nhu cac van dé ton tai. Bai bao ciing lam 6 su khac
biét gilia than dau trong da mdng va than dau truyén thong, tlr d6 dé xuat phuong phap luan khai thac dau doi tugng mong giai doan
cudi. Phuong phap méi da dugc ap dung thir nghiém tai mot khu viic ca mé Bach HG va dat két qua kha quan trong giai doan 1.

Trén co s6 két qua cla giai doan 1, tac gia dé xudt cac gidi phap va dinh huéng nghién ctiu cho giai doan 2, 1am cg s dé hoan thién
cdng nghé khai thac hiéu qua than dau trong da mdng granite ndt né mé Bach Hé trong giai doan cudi.

Tt khéa: Da mong granite nit né, nang cao hé s6 thu héi dau, mo Bach Ho.

1. Mé& dau

Mo Bach HS 1a mé dau khéng 16. Sau hon 30 nam khai
thac, mé Bach HS da chuyén sang giai doan khai thac cudi
véi nhitng khé khan, thach thic méi.

Tim I6i gidi cho nhiing van dé dang ton tai va xu ly
céc thach thire méi dé nang cao hé s8 thu héi dau déi vai
md dau khéng 16 nhu Bach H6 mang tinh c&p thiét va c6
y nghia quan trong trong béi canh hién nay khi san lugng
dau cda dat nusc dang suy giam nhanh.

Gan day da c6 mot vai nghién cdu lién quan dén dé
tai nay, tuy nhién mét van dé I6n, khé, phic tap nhu than
dau trong tang da mong nit né dang doi héi cac nha khoa
hoc tiép tuc tién hanh nghién ctu chuyén sau trong cac
phong thi nghiém hién dai, két hgp vai cac nghién cdu
thuc nghiém hién trudng dé sém tim ra I3i giai - lam can
ctrkhoa hoc viing chdc cho viéc hoan thién quy trinh cong

=] N

i Ngay nhdn bai: 2/8/2025.

niE Ngay phan bién ddnh gid va st chita: 2 - 25/8/2025.
' Ngay bai bdo dugc duyét ddng: 25/8/2025.
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nghé nham khai thac hiéu qua than dau trong da mong
granite nut né mé Bach HG giai doan cudi.

2. Vai nét vé mé dau Bach Hé; nhiing tén tai, thach
thdc va nguyén nhan.

2.1. Vai nét vé mé dau Bach H6

M Bach H8 la mé dau I6n hiém cé trén thé gidi. Viec
phat hién ra than dau trong & méng mé Bach HG da lam
thay d8i quan diém tim kiém - tham do dau khi & khu vuc
va trén thé gidi.

Mé dau Bach HS bdt dau dua vao khai thac tang
Miocene dugi tir thang 6/1986 va khai thac d6i tugng
moéng tur thang 9/1988 (Hinh 1).

Trai qua qua trinh hoan thién, tir nam 2008, m6 hinh
khai thac dau - bom ép nudc chl dao cta d6i tugng mdng
mo Bach HE dugc 4p dung nhu Hinh 2 [1].

VE ty trong san lugng khai thac: B6i tugng méng méd
Bach H8 chiém ty trong san lugng cao tuyét ddi (87%), vdi
hé s6 thu hoi dau dat trén 35% (Hinh 3) [2].
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2.2. Tén tai, thdch thiic va nguyén nhén Miocene dudi Oligocene dudi Oligocene trén Méng két tinh

. o o 26/6/1986 13/5/1987 25/11/1987 6/9/1988
Dé duy tri 4p suat via, tai mé dau Bach

H&, Vietsovpetro da thuc hién gidi phap
bom ép nudc bién ti rat sém. Bom ép
nudc cho dén nay la gidi phap gop phén Hinh 1. Lich st khai thdc qua cdc thoi ky.
quan trong ting luu lugng céc giéng, én
dinh san lugng dau khai thac khéi trung ! v \ 2 v
tdm tdng moéng Bach HE (Hinh 4). Tuy
nhién, sau thoi gian khai thac dai, mé Bach
H& da chuyén sang giai doan cudi.

Giéng BH-1 Giéng BH-14 Giéng BH-70 Giéng BH-1

Van dé ton tai lén nhat trong giai doan
hién nay la mot phan 16n dau trong cac
ddi vi nut né dang bi ket lai, chua cé cong /
nghé phu hgp dé khai thac. Khai thac va 3600
nang cao hé sé thu héi dau tu ddi vi nut
né | rat kho khan. Hé s6 thu héi dau cla _ ; Transitionallzone
cac khéi chénh léch rat xa, trong dé 2 khoi
Nam va Bong Bac rat thap, tuong tng 1,9% LI 4000k
va 1,3% trit lugng [2]. [

Nguyén nhén cla tinh trang trén la /
do tinh chat bat déng nhat rat cao cla cac |
kh&i thudc ting méng mé Bach HE. VGi mo f
hinh 2 d6 réng, céng nghé &p dung la bom |

|
ép nudc chua huy déng dgqc dau ti cac vi f,-'f X s e 3 -\
nu’E neva 7n'u’t.[1e mc,zt c?,lelf'_ B?m ’ep’nquf 1. Khodng khai thac; 2. Khoang bom ép nuéc.
khong phai hiéu qua doi vdi tat ca cac doi . o . N
) A S Hinh 2. M6 hinh phdt trién mé Bach Ho - 2008.

tugng méng ma chi hiéu qua & nhiing khu
vuc ki€n tao dap v& manh, cac ddi nit né Tdng san lugng dau khai thac tir mé Bach H3 (nghin tan)
lién thong tét, d6 tham t6t. Bom ép nudc Tang Oligocenetrén ~ Tang Miocene dui
sé khong hiéu qua & nhiing khu vuc ma 2.888 nghintdn (1%)  12.163 nghin tén (6%)
cudng do hoat dong kién tao yéu, hodc do Tang Oligocene dudi
thanh phén thach hoc ma muc d6 dap vé A nghin tén (6%)
dat da thap, cac khe nit c6 d6 mé bé, it
lien thong, d6 tham kém, dac biét & cac dai
vi nut né. Hé s6 thu hoi dau cdia 2 khéi Nam
va Dong Bac rat thap do hé théng nut né
kém va chua xac dinh dugc déi nut né dé
khoan tring [2].

Thach thdc rat 16n hién nay la d6 ngap
nudGc tang nhanh, ké ca cac giéng chu luc. Tang méng
Ranh gi6i dau - nuéc & khéi trung tam chi 180.112 nghin tan (87%)

con cdch néc moéng xung quanh 100 m, cé
nai chi con cach n6c moéng 15 m [2].

Trong nam 2017 va nhiing nam tiép
theo hang loat cac giéng khai thac luu
luong cao, khéng cé nudc lan lugt xuat
hién nudc: Giéng s6 401 vao thang 6/2017 Hinh 3. Ty trong sdn lugng khai thdc cia cdc di tugng md Bach Ho.

B Tang Oligocene trén Tang Miocene dudi = Tang Oligocenedudi ~ Tang mdng

DAU KHi - SO 4/2025 5
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Hinh 4. Déng thdi dp sudt via cdc giéng tdng méng.
(Hinh 5), giéng 430 vao thang
9/2017 (Hinh 6) va nhiéu giéng 000
ch Iyc khac. o
, 800
Nguy ca cao la cac giéng sé 700——
nging hoat déng, dan dén hé 600"
sO thu héi dau giam, khong khai P m——
thac dugc dau con lai trong than 400
dau d4 mong. 300
Nguyén nhan ngap nudc 200
la do tinh chat bat dong nhat 100
rat cao clia cac khéi thudc tang 0
\ R N . % N 1172017 21172017 10/2/2017 2/3/2017 22/3/2017 11/4/2017 1/5/2017 21/5/2017 10/6/2017 30/6/2017 20/7/2017 9/8/2017 29/8/2017 18/9/2017 8/10/2017 28/10/2017 17/11/2017 7/12/2017 27/12/2017
modng Bach Ho, cd vé do rong va
d6 thdm chia; khéi lugng, toc Hinh 5. Dong thdi giéng 407 ndm 2017.
d6 bom ép nudc ludn duy tri &
muic cao, véi hé sé bu trir 100%; -
1.100 s 100
ap luc khai thac tang cudng tai 1.000 PR e ==, it N
céc giéng chil luc & mét s6 thai 900 i L
diém ciing ddy nhanh qua trinh 800 —— : 70
ngap nudc. 700 1
600~ ' 50
Nhimng thach thic do6 doi hoi 500 o 50
cacnghién ctu chuyén sau va cé 400 ' 40
hé théng nham tim ra céac gidi 300 30
phap hiéu qua, véi muc tiéu khai 200 20
thac dugc thém dau tur nhiing 100 8 10
i "‘1:\:.-_“““-—-— 0

khu vuc dau con tén dong, dac
biét trong ddi vi ndt né va nut né
1 chiéu khong lién thong.
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Hinh 6. Ddng thdi giéng 430 ndm 2017.
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3. Vi tri/khu vuc dang tén tai lugng dau con lai trong da méng
granite nut né mé Bach Hé

Sau 37 nam khai thac than dau trong da méng granite nit né mo
Bach Hé, Vietsovpetro da khai thac dugc téng cong 230 triéu m? dau,
trong téng s6 ngudn tai nguyén dau tai ché ban dau la khoang trén
600 triéu m3. Vi vay viéc nghién clu, tim ra cac gidi phap cong nghé
gia tang thu hoi dau con lai trong than dau nay la van dé cap thiét
hién nay [16].

Dé tim dugc phuong phép/cong nghé khai thac hiéu qua lugng
dau con lai, mét trong nhiing yéu cau quan trong la phai xac dinh
dugc vi tri/khu vuc dau con luu lai.

Nghién ctu qua trinh khai thac tdng méng mé dau Bach Hé, tac
gia nhan dinh: Lugng dau thu héi con lai ch yéu dang ton tai trong 5
khu vuc/vi tri véi d6 tham chira rat khac nhau, doi hoi phai co cac giai
phap c6ng nghé khac nhau dé khai thac hiéu qua. 5 khu vuc/vi tri d6
la: (1) Cac khe nut, hang héc chua khai thac & phan noc cda than dau;
(2) Hé théng khe nut 16n (macrofractures) thudc phan gilia ca than
dau (dau du bao hoa - saturated oil residues) chua dugc quét ddy hét;
(3) Toan bo déi vi nit né (microfractures) va nit né 1 chiéu khéng
lién théng ma cong nghé ci chua khai thac dugc; (4) Phan néc mong
nhé cao ma trudc day chua xac dinh dugc va chua mé via; (5) Nhing
thé tich con sét do chua xac dinh chinh xac ddi nit né hodc quy dao
khoan chua dén dugc (Hinh 7) [3, 14, 15].

Lugng dau con lai nay doi hoi phai c6 giai phap cong nghé
chuyén biét dé khai thac hiéu qua. Day chinh la diém khac biét c6t I6i
vé cong nghé khai thac dau tang mong giai doan cudi véi giai doan
dau phat trién va giai doan én dinh, déng thai 1a néi dung nghién
clu cla céng trinh nay.

4.Co sd khoa hoc, phuong phap luan khai thac than dau trong da
méng mé Bach Hé giai doan cudi

Ca s6 Iy luan/co s khoa hoc va phuong phép luan khoa hoc dé
khai thac dau d6i tugng moéng giai doan cudi bao gém cac ndi dung
sau: (i) Tim sy khac biét ctia than dau trong da mong va than dau
truyén théng; (i) Xay dung phuang phap luan khai thac déi tuong
maong giai doan cudi.

Trit Iutgng thu hoi con lai trong 5 khu vuc

L4

]
]

Hinh 7. So d6 vi tri cdc khu vuc ddu con lai.

4.1. Su khdc biét cia thén ddu trong dd méng
va thdn ddu truyén théng

4.1.1. Su khdc biét vé co ché va qud trinh hinh
thanh khéng gian réng trong dd méng

Khac v6i hé théng khéng gian réng trong
than dau truyén thong, hé théng khéng gian
réng trong da méng dugc hinh thanh va bién
déi qua cac qua trinh dia chat phuc tap bao
gém: Qua trinh co gidm thé tich khi magma
doéng cing; hoat dong kién tao; hoat dong
thay nhiét va qua trinh phong héa.

Sau nhing qua trinh bién déi dia chat da
hinh thanh hé thong khéng gian rbng nit né,
hang h6c ¢ déi tugng da méng véi dac trung
bat dong nhat rat cao vé kha nang tham chua.
C4u trdc khong gian rébng phic tap nay bao
gém ca nhiing nut né 1én (macrofractures)
va nhiing nut né nhd hay con goi la vi nut né
(microfractures), trong d6 khong chi ton tai
cac nut né c6 kha nang luu thong 2 chiéu nhu
da biét ma con xuat hién ca cac nit né chi luu
thong 1 chiéu.

4.1.2. Su khdc biét vé qud trinh dich chuyén va
hinh thanh than dau trong dd méng

Khac véi than dau truyén théng, dau
khéng sinh ra trong da méng. Trudc khi hoat
dong kién tao khéi da mong la khéi da chat
sit, hodc ¢ khe nut nhung bi lap day béi cac
khoang vat thu sinh.

Khi hoat déng kién tao xay ra, kh6i da mong
bi tac ddng cda ung suat I6n, nhanh chéng bi
nut v, tao ra mang cac khe nut. Hé théng khe
nut (hé théng khong gian réng) trong khéi da
moéng dugc hinh thanh gay nén hién tugng gia
tang thé tich ctia da méng®.

Toan bd khéi thé tich ctia cac khe ndit ting
thém nay cong véi cac loai khe nit cé thé c6
trudc do trong mong, hinh thanh khéi khéng
gian réng c6 ap suat rat thap gay ra chénh léch
ap suat gilia tang tram tich bao boc bén trén
va xung quanh véi tang mong. Dau sé nhanh
chéng di chuyén ti ting trdm tich xung quanh

"Thuyét gia tang thé tich (hay khuéch dai the tich): Khi thé tich ting lén
(V tdng) thi dp sudt gidm (P gidm), tao chénh léch dp sudt (AP) sinh ra
chuyén déng chdt Iéng tir noi dp sudt cao dén noi dp sudt thdp.

DAU KHi - SO 4/2025 7
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vao cac khe nut trong tang mong, trudc hét la
di chuyén vao céc khe nat 16n (macrofractures)
va dan dan thdm thau vao cac khe nit nho
(microfractures) cho dén khi ap suat dugc tai
can bang [3].

4.1.3. Su khdc biét vé ddc trung thdm chua, co
ché dong chay trong cdu tric khéng gian réng
clia dd méng

Trong qua trinh nghién ctu cac nha dia
chat da phat hién va phan chia d6 rong cta da
mang cé 3 dang véi dac trung tham chira va co
ché& dong chay nhu sau:

(i) D6 rbng gilra cac tinh thé cda da (46
rong cau trac) co kich thudc (d6 ma khe nit)
nhd hon 0,01 mm, con goi la matrix da. Gia tri
dé réng gidra tinh thé rat nhd (khoang dudi
0,5%) va thudng khong cé dé tham pha véi
dau hodc néu co thi rat thap. Khéng gian réng
nay cé thé chda chat luu nhung khéng tham
gia vao qua trinh khai thac.

(ii) PO rong nho la dé rdng trong nhiing vi
nut né (microfractures) cé kich thudc (@6 mé
khe nut) nho tu 0,01 - 0,1 mm. Thé tich chda
chat luu rat 16n, udc tinh 1én dén 30 - 70% téng
dién tich chita du ctia da chia. Dau dugc luu
gilt & day do luc hat mao dan. Gia tri d6 réng
da méng & ddéi vi nit né cé noi lén dén 10 -
12%, trung binh 4 - 5%, nhung d6 tham pha
chi 1 -5 mD. Trong céc ddi vi nit né, do c6 do
tham rdt nhé nén du c6 gia tri gradient chénh
ap t6i da cGa dong nudc bom ép co thé tao ra
(3 at/m) van rat nho, khéng du dé thang luc
mao dan va ddy dau ra khoi cac khéng gian
réng vi nut né nay [3].

(iii) DO roéng I6n la d6 rong trong nhiing
khe nut I6n (macrofractures) va hang héc, cé
kich thuéc (@6 mé& khe nit) trén 0,1 mm phé
bién trén 0,5 mm co khi 1én dén hang centimet,
chl yéu lién két nhau thanh hé théng.

Gia tri d6 rbng nut né 16n va hang héc
khong I6n, thuong dao dong khoang 0,5 -
1,5%, nhung dé thdm tét ¢6 noi l1én dén 20
darcy. Vi vay hé théng khong gian réng trong
nhiing khe nut 16n va hang hoc déng vai tro
quyét dinh dén tinh tham chua, véi khoang
80% lugng dau thu héi dugc tir khéng gian

8 DAU KHi - SO 4/2025

rong nay. Cac nut né hang hoc I6n c6 dd tham cao sé la nhiing kénh
dan chinh cho dong dau trong qua trinh khai thac, déng thai cing
1a cac dudng dan dé nudc bom ép xam nhap va di chuyén, ddy quét
dau dudi tadc déng clia gradient &p suat bom. Co ché dong chay trong
khoéng gian réng nay cé thé dat dugc dang piston néu dugc ép day
bang dung dich ldng phu hgp véi &p luc va téc dé phu hop.

R4 rang ton tai sy khac biét rat I6n gilra than dau trong da méng
va than dau truyén théng. Su khac biét nay doi hoi phai ap dung
phuong phap/céng nghé khai thac chuyén biét, dac biét la déi tugng
mong & giai doan khai thac cudi.

4.2. Phuong phdp luén khai thdc déi tuong méng giai doan cuéi

Phuang phap luan khai thac than dau da mong giai doan cudi
dugc tac gia dé xuat dua trén quy luat “mat can bang sé sinh ra
chuyén déng” va nguyén ly tu nhién “cai gi vao dugc thi ra dugc”;
dau tur noi khac vao méng dugc thi cling ra dugc néu cé diéu kién
can va du.

“Mat can bang sé sinh ra chuyén dong” la mot quy luat ton tai
phd bién trong tu nhién, trong xa hdi, va trong tu duy. § dau mét can
badng sé sinh ra chuyén déng, hodc muén cé chuyén dong phéitaora
mat can bang. Quy luat dé da duoc tac gia nghién ciu va dé xuat ap
dung vao khai thac than dau trong da méng nit né nhu sau:

Tang mong do bat déng nhat cao vé dé tham chia nén trong
quaé trinh khai thac & giai doan phét trién va giai doan én dinh, mot
luong I6n dau van con ton dong trong ddi vi nit né hodc nut né 1
chiéu, chua du diéu kién dé khai thac. Nguyén nhan chi yéu dau
chua khai thac bi ket trong cac déi vi niit né la do phuong phap bom
ép nudc khdng thé day dugc dau trong ddi vi nit né. Cu thé, déi vai
nhiing vi nut né co kich thuéc nho tir 0,01 - 0,1 mm, d6 tham duéi
5 mD, luc bom ép nudc khéng thé thang luc mao dan; trong méng
tén tai 2 d6 réng (macro va micro-fractures), nudc bom ép chi dich
chuyén theo kénh macro ma khong thé xam nhap va ddy dau trong
ddi micro. Trong qua trinh dé nuéc bom ép dan dang lén va dé dang
xam nhap chiém toan bo cac khe nit 16n va di chuyén véi téc d6 vuot
troi, dé t&i cac giéng khai thac, bé qua mét lugng dau 16n c6 trong
déi vi niit né khong thé thoat ra dugc (Hinh 8). Dau “mac ket” trong

Hinh 8. Mdu I6i va hinh dnh thach hoc ldt méng dd méng mé Bach Ho.
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(hi tao mdt can bang - huy dong dau tur ddi vi nit né
Tao mat can bang — Tao AP gitia cdc ddi macro va microfractures

Tach ra khi Pres < Pb

Hinh 9. Gidm dp sudt d€ tao ra méi trudng mdt cdn béng.

ddi vi nat né do luc mao dan 16n hon nhiéu so véi luc téi
da co thé tao ra tr bom ép nudc [3,14 - 16].

Hién tai qua trinh khai thac dau - bom ép dang tao
moi trudng moéng 6n dinh-can bang. Néu duy tri cong
nghé khai thac ct, bom ép ch tdc la duy tri can bang ca
thi dau con ton & dau sé bat dong & day. Vi vay phai tao ra
mai trudng mat can bang, tao diéu kién dd dé€ dau con tén
dong trong cac ddi vi nit né hodc nit né 1 chiéu chuyén
dong ra cac nut né I6n.

Tao ra mat can bang nha gidam ap suat. Giam ap suét
vlia tao mat can bang &p suat, vira tach khi, dau linh hoat
hon, dé dang chuyén déng hon ra nit né I6n (Hinh 9).

Giam ap suat bang cach giam bom ép nudc. Khi mé
da & giai doan cudi ctia chu ky khai thac dé xuat giam ap
suat via dén muc can va cé thé xuéng dudi &p suat béao
hoa. Tuy nhién cac gia tri dinh lugng nhu: gidm ap suat
duéi bao hoa bao nhiéu, gidm ap suat véi téc d6 nao la
hiéu qua nhat, tac gia dé xuat cac nghién ctu tiép tuc thuc
hién tai giai doan 2 va dugc trinh bay & cuéi bai bao.

Vé nguyén ly: Da vao dugc thi cling ra dugc, mién la
tao diéu kién can va du.

DEi véi than dau trong da méng, qua trinh nap dau
tUr noi khac vao tang mong theo trinh tu: trudc tién dau
nap vao cac nut né I16n va hang héc; ti€p theo tham thau
Va nap vao cac vi nut né. Nguyén tac vao dugc thi ra dugc,
mién la tao dugc diéu kién can va du. Khi vao, noi nao
dé vao trudc, noi nao khé vao sau; khi ra, ngi nao dé ra
trudc, nai nao khé ra sau. Trong qua trinh khai thac, dugc
huy déng tir hé théng nat né I6n trudc, ti€p theo dugc

huy ddng tur cac nit né nho sau. Trudc, ap suat bén ngoai
(d6i nut né I6n) cao, ap suat bén trong (dai vi nit né nho)
thap, thi dau dich chuyén ti ngoai vao trong. Nay, tao ap
suat bén ngoai thdp, bén trong cao, thi dau dich chuyén
ra. Diéu kién dé€ qua trinh nay dién ra la tao lap va duy tri
dugc trudng ap suat du thap dé dua dau ra ngoai.

Trén cd s& luan ci khoa hoc néu trén, c6 thé két luan:
Khai thac dau trong tang da méng nut né trong giai doan
cu6i khac co ban véi cong nghé khai thac giai doan dau
phat trién va giai doan khai thac 6n dinh. TU nghién cdu
kha nang ap dung quy luat“méat can bang sinh ra chuyén
ddéng”va nguyén ly “ céi gi vao dugc thi ra dugc” vao khai
thac dau, tac gia xay dung phuong phap luan mdi khai
thac dau da méng giai doan cudi, v6i ndi dung chi yéu
dugc tém tat nhu sau: (i) Mat can bédng sinh ra chuyén
déng. Trong than dau da méng can tao mat can bang dé
huy d6ng dau tir dsi vi ndt né, nat né 1 chiéu; (i) Tao mat
can bang nha giam bom ép nudc; (iii) Tao mat can bang
lién tuc bang cach bom ép theo chu ky; tao mat can bang
cuc bd bang phuong phap khai thac dong thai gaslift +
bam dién chim trong cling 1 giéng; (iv) Dau khéng sinh ra
tU méng; Dau ti nai khac dich chuyén va thadm thau vao
mong dugc thi cling ra dugc, can tao diéu kién can va du:
giam ap suat via dudi ap suat bao hoa va tao chénh ap
da dé huy ddng dau tu ddi vi nut né; (v) K&t hop bom ép
nudc theo chu ky, thay ddi trudng ap suat tu téi da dén téi
thiéu cho phép va ngugc lai — tao ra mat can bang tam
thdi, lién tuc — huy dong dau tir méi trudng vi nit né vao
hé théng nut né 16n va tiép tuc dugc nudc bom ép cé bo
sung chat hoat tinh bé mat (HTBM) quét ddy Ién phia trén
[3, 14, 15]. Pay chinh la phuong phap “TAO MOI TRUONG
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MAT CAN BANG” dé khai thac va nang cao thu héi dau tai
cac than dau trong da méng nut né.

5. D& xuat gidi phap céng nghé va ky thuat nang cao
hé sé thu héi dau cho than dau trong da méng mé
Bach Hé

DPic diém dia chat véi tinh chat bat déng nhét cao,
khac biét gitta cac khéi, nén giai phap khai thac cho ting
khéi, tiing khu vuc cing khac nhau. Tom tat giai phap
dugc dé xuat cho tiing khéi, tiing khu vuc nhu sau:

5.1. Déi véi khéi trung tém

"

5.1.1. Ap dung phuong phdp “tao méi trudng mdt can béng’
dé khai thdc phdn ddu con lgi chua thu héi dang tén tai
trong ddi vi nut né va nhiing nit né 1 chiéu khéng lién théng

- Gidm &p suat via xuéng dudi ap sudt bao hoa
bang cach diing bom ép nudc tai khu vuc trung tam,
gidm va dua lugng nuéc bom ép ra vung ria, két hop
bom ép nudc theo chu ky; diéu chinh trudng ap suat via
theo chu ky tir téi da dén téi thi€u cho phép va ngugc lai
dé tao mat can bang lién tuc, nham huy déng dugc dau
tUr cdc dai vi ndt né. Viéc duy tri p suat theo chu ky sé
tam thdi pha vé trang thai can bang, tao hiéu ting xung
ap sudt lam tang tinh chat thiy déng luc ciia moi trudng
vi n(t né va tang cudng chuyén déng dau tir méi trudng
vi nut né (ngudn nuobi cap) vao hé théng nut né 16n (cac
kénh dan chinh); sau d6 lai ti€p tuc bom nudc cé bé sung
héa chat hoat ddng bé mat nham tang cudng hé s6 quét
dau va cudi cuing la tdng hé s6 thu hoi dau tu cac ddi vi
nut né 3,6 - 8].

- Th nghiém bom ép nudc - khi luan phién tai khu
vuc Nam trung tdm mong va danh gia kha nang 4p dung
cho toan b6 than dau da mong [3, 15].

- Lua chon giéng c6 hé s8 san pham cao, d6 ngap
nuaGc trén 70%, ap dung phuong phap khai thac hén hop
gaslift + bom dién chim trong cling 1 giéng tai khu vuc cé
tiém nang thu héi dau tir cac ddi vi nat né [3, 15].

Khi d6 ngap nudc cac giéng dau tang cao, phuong
phap gaslift giam hiéu qua. Giai phap khai thac giéng dong
thdi bang ca gaslift va bom dién chim ly tdm khéng nhiing
khac phuc dugc nhiing han ché da biét cta tiing phuang
phéap nhu kéo dai kha nang lam viéc ctia may bom va tang
hiéu qua lam viéc clia hé théng gaslift, ma con hinh thanh
nén khu vuc cé chénh léch ap suat I6n, ho trg tao ra hién
tugng mat can bang cuc bé nham khai thac lugng dau con
lai trong céc vi ndt né va nit né 1 chiéu [3, 15].

10  DAUKHIi - SO 4/2025

5.1.2. Giai phdp déi véi khu vuc néc méng

- Diéu chinh nhip d6 khai thac cham lai theo hudng
giam, dac biét la cac giéng khai thac chi luc: No.1, 401,
408, 10002, 10004, 7003, 7009, 430, 7001B va 7005B.

- Tiép tuc ap dung phuong phap khai thac thi cap
gaslift d6i véi cac giéng con lai khi khong con kha nang ty
phun hoac luu lugng giam.

- Kiém sodat nghiém ngat va diéu khién qua trinh bom
ép nudc - khai thac dau viing néc mong bang phuang
phép truc tiép va gian tiép phan tich danh gia méi tuong
quan, xay dung biéu d6 déng tuong quan (isocor) dé biéu
thi muc doé anh hudng clia quan hé nhan qua gilta cac
giéng bom ép nudc va cac giéng khai thac dau. Biéu chinh
ap suat day ca méi giéng bom ép va khai thac theo thai
gian, ddm bdo ranh gigi dau - nudc dich chuyén én dinh,
tranh tao thanh cac lugi nudc bang cach han ché gradient
thay déng luc nho hon gradient trong luc d6i vai da méng
[3-7,10-12].

- Ap dung cac gidi phap ngan cach nudc, tac dong
lén vung lan can day giéng nhu: x(r ly bang acid, bang nhi
tuong dau - acid; hodc nhii tuong khi - dau - acid [9,13].

5.2. Giai phdp déivéi khu vu'c c6 mét méng nhé cao duoc
phdt hién theo tai liéu méi 3D-4C

Khoan thém nhiing giéng mdi; hodc cat than giéng ci
dé khai thac dugc phan dau mai phat hién nay.

5.3.Déi véi tdng méng vom Bdic

- Diéu chinh, duy tri bam ép nuéc & muc thap dé han
ché& d6 ngap nudc va tang hé sé thu hoi dau nha hiéu ting
mat can bang nham huy déng thém nguodn dau tir cac déi
vi nut né va ndt né moét chiéu [3, 8].

- Thuc hién cac bién phap tdc déng lén vung lan
can day giéng, bao gom: xtt ly bang acid két hop thao ria
nhanh sdn pham phan ng sau x& ly nhd hén hgp héa
pham bi phan gidi; xt ly bdng nhi tucng dau - acid ; hoac
nhi tuong khi - dau - acid [9, 13].

- Thuc hién cac bién phap x{ ly lang dong paraffin
trong can éng khai thac bang dau néng tu cac giéng lan
can, bang thiét bi tao hoi néng, bang bién phap héa hoc,
bang gaslift theo chu ky [8].

5.4. Déi véi tdng méng vom Péng Bdc va vom Nam

- Nghién ctu tai liéu 3D - 4C mdi nhat xac dinh khu
vuc tap trung nut né khoan b6 sung céc giéng mdi.
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- Ap dung cac phuong phap xtr ly vung lan can day giéng béng
acid két hgp thao rtia nhanh san phdm phan ting sau xt ly nhd hén hop
héa pham bi phan gidi, bang nha tuceng dau - acid; hodc nhi tuong khi
-dau-acid [9, 13].
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Hinh 11. Déng thdi giéng 7003 trong giai doan 2017 - 2020.
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Hinh 12. Déng thdi khai thdc giiia ché d6 diéu chinh (thuc té) va giit nquyén ché do .

- Xt ly ldng dong paraffin trong can
6ng khai thac bang thiét bi tao hoi néng va
bién phap héa hoc.

- Gidi phap khai thac theo chu ky.

6. Két qua thi' nghiém phuong phap “tao
moi trudng mat can biang” trong giai
doan 1

TU dau nam 2018 da diéu chinh giam
lugng nudc bom ép, tu thang 6/2018 dung
bom ép tat ca cac giéng & khu vuc trung
tam, chi bom ép céac giéng & vung ria co
ap suat bom thap (= 0 atm) vGi hé s6 bu
khai thac hang thang dat tir 52 - 60%. Tién
hanh Iua chon giéng dé bom ép theo chu
ky nham ngan ngura ap suat via xuéng qua
thap, &nh hudng dén luu lugng dau.

Phéi hgp vai t6i uu héa bom ép nudc,
trong giai doan 2018 - 2020, diéu chinh
gidam nhip dé khai thac mot s6 giéng dau
chd luc & khu vyc moéng trung tam nhu:
7001B, 7005B va 7009.

Két qua cho thdy su ding/giam xu
husng gia ting dé ngap nudc & mot sé
giéng, tham chi mot s6 giéng (7001B, 7003)
con giam d6 ngap nudc (Hinh 10, 11).

Két qud chung: Kiém soat dugc qua
trinh ngap nudc cac giéng, tranh dugc hién
tugng ngap nudc hang loat; giam dugc
ham lugng nudc trong san pham khai thac;
kéo dai dugc tudi tho cac giéng & khu vuc
gan ranh giéi dau nudc; huy dong thém
dugc lugng dau tur cac ddi vi ndt né, nang
cao hé s6 thu héi dau, cu thé:

- Sau 1 nam ap dung: Gia tang dugc
50,4 nghin tan dau; tiét kiém 1,161 triéu m3
nudc bom ép.

- Tinh dén 31/12/2020: Ap dung giai
phap da gia tang dugc 375 nghin tan dau;
tiét kiém 1,607 triéu m3 nudc bom ép. Két
qua ap dung giéi phap dugc thé hién &Hinh
12[14,15].

Do tinh chat phtc tap cta d6i tugng da
mong nut né, sau thanh cong cla giai doan
1, can thiét tiép tuc nghién clu giai doan 2
lam can cu viing chéc cho viéc xay dung va
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hoan thién céng nghé/quy trinh tin cdy nham khai thac
hiéu qua va nang cao thu héi dau trong than dau da méng
granite ndt né mo Bach Hé giai doan cudi.

7. Dinh huéng nghién cttu hoan thién cong nghé khai
thac than dau trong da méng (giai doan 2)

”

Ap dung phuaong phap “tao méi trudng mat can bang
trong than dau da méng nut né dugc khang dinh vé ly
luan bang cac nghién cu da thuc hién trong giai doan
1 néu trén va dugc thuc tién chiing minh la hiéu qua khi
ap dung tht nghiém tai mot khu vuc mé dau Bach H6.
Tuy nhién, day la nhiing két qua nghién ctiu dau tién (giai
doan 1) 8 muc BINH TINH.

Dinh hudng nghién ctu tiép theo (giai doan 2) la xac
dinh céc gia tri PINH LUGNG ctia phuong phap, dé la: xac
dinh thai diém bt dau gidm ap; xac dinh gia tri gradient
ap sudt can thiét t6i thiéu, t8i da dé tao dugc maéi trudng
mat can bang, dé dau trong déi vi nut né c6 thé chuyén
doéng dugc ra déi it né 16n; xac dinh téc d6 giam ap suat
t6i uu; xac dinh ngudng ap suat thap cudi cling trong dai
vi nit né; déng thai danh gia nhing rui ro (tdc dung phu)
c6 thé xuat hién khi ap dung phuang phép va céc bién
phap khac ché.

Tat ca nhing gia tri dinh lugng dé doi hoi phai tién
hanh trong cac phong thi nghiém chuyén sau, véi sy trg
giup cla cac phuang tién hién dai: PVT, thiét bi do gia tri
tham loc, may chup X-quang (X-ray) hodc may chup cat
I6p vi tinh (CT scan)...

Cac nghién ctu trong phong thi nghiém dugc tién
hanh trudc hét nham: xac dinh nhiing bién d&i vé thanh
phan va tinh chat ctia dau via trong qua trinh gidm ap suat
dudi ap suat bao hoa; xac dinh co ché va déng thai tach
khi trong qua trinh giam ap suat dudi ap suat bao hoa; xay
dung mé hinh PVT cho via ddu da méng nut né trong qua
trinh giam ap suat dudi ap suat bao hoa.

Cac nghién ctu thi nghiém tiép theo dugc thuc hién
trén cac loai mau 16i nhu: mau 16i vat ly (mau 16i thuc, hodc
mau 16i composite); mau 16i ky thuat s6 (digital cores) va
mau vi mach (microchips) nham xac dinh cac yéu t6 nhu:
su bién déi cha do bao hoa khi téi han khi gidm ap suéat
duéi bao hoa; muc thu héi dau tai cac ngudng ap suéat
thap khac nhau; méi quan hé gitia toc d6 giam ap suat véi
dd bao hoa khi téi han va muc thu héi dau; téc d6 giam
ap suat téi uu va ngudng ap suat thap dua trén gia tri gia
tang thu héi dau; su bién déi vé do tham tuong déi (khi-
dau, nudc-dau) dua trén két qua giam &p... Cac két qua
nghién ctu thi nghiém nay sé dugc so séanh lua chon va
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dua ra nhiing két luan cu thé vé nhiing bién déi bao hoa
khi t&i han; vé nhiing bién déi vé d6 tham tuong déi (khi-
dau, nuéc-dau); vé kha nang thu héi dau; va gia tri gia tang
thu héi dau trong qua trinh gidm ap suat dudi bao hoa.

Dua trén cac két qua nghién cdu thi nghiém PVT va
nhiing két qué cé dugc tir nghién ctu cadc mau 16i néu trén
dé tién hanh xac dinh va hoan thién bd di liéu dau vao
phuc vu viéc xay dung mé hinh va nghién ctiu mé phong
via.

VGi bo dir liéu cac thong s6 thu dugce ti cac nghién
cltu trong phong thi nghiém, tién hanh lua chon cac thuat
toan phu hgp dé xay dung mé hinh tinh, déng va nghién
ctru m6 hinh mé phéng via, trudc tién thi diém cho 1 khu
vuc dé& du bao hiéu qud va téi uu hoa thiét ké trudc khi
t6 chuc trién khai tai hién trudng, lam co s& ma rdng ap
dung cho toan mé. Cac két qua nghién ctiu cling danh gia
su dich chuyén cla ranh giGi dau - nudc nhan tao va do
ngap nudc khi ap suat via xuéng dudgi ap suat bao hoa,
déng thai chi ra nhiing rai ro (@6 tach khi qua muc, hoac
tinh trang ngap nuéc khéng thé kiém soat...) c6 thé xuat
hién khi ap suat via dudi ap suat bao hoa nham dua ra
nhiing gidi phap khac ché.

TU két qua nghién ctu trong cac phong thi nghiém
va chay mé hinh mé phéng két hgp vdi két qua thi diém
tai 1 khu vuc ciia mo dau, cudi cung sé dua ra chién lugc
gidm ap suat hiéu qua nhat (gém: thai gian bat dau giam
ap suat; gradient 4p suat toi uu; téc d6 giam ap suat téi uu;
ngudng ap suat thap t6i uu) nham nang cao thu héi dau
cho cac than dau trong da méng nut né.

8. Két luan

Than dau trong da méng mo Bach HG la than dau
dac biét. Trong qua trinh bién d8i dia chat da hinh thanh
nén hé théng khéng gian réng, nit né, hang héc 6 doi
tugng da moéng véi dac trung bat dong nhat rat cao vé
kha nang tham chura. Cau tric phtic tap d6 khong nhiing
bao gébm cac nut né 16n (macrofractures) va vi nit né
(microfractures) ma con la nhitng nut né c6 kha nang luu
théng 2 chiéu va nhiing nut né chi luu théng 1 chiéu, dan
dén dau bj ket lai chua khai thac dugc.

Trt luong dau tdng méng mé Bach HS thudc nhom
cuc Ién. Sau han 30 nam khai thac, lugng dau con lai cha
yé€u tén tai 5 khu vuc/vi tri khac nhau, doi héi phai cé cac
gidi phép céng nghé phu hgp dé khai thac hiéu qua.

Thach thic 16n nhat trong giai doan cuéi la d6 ngap
nudc tang nhanh ké ca cac giéng chii luc; dac biét con mot
lugng Ién dau trong ddi vi nat né dang bi ket lai. Nguyén
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nhan la do tinh chat bat dong nhat rat cao clia cac khoi
thudc tdng méng. Vai nhiing vi ntt né cé kich thudce (d6
ma khe nit) nho tir 0,01 - 0,1 mm, va dé tham pha chi 1 -
5 mD, nudc bom ép khong thé thang luc mao dan trong
cac vi nut né. Han nita trong mong ton tai 2 d6 réng, nudc
bom ép chi dich chuyén theo kénh nut né I6n ma khong
thé xam nhap va ddy dau trong déi vi nit né, két qua dau
bi ket va bat déng trong ddi vi nut né.

Nghién ctu su khac biét ctia than dau trong da mong
nut né véi cac than dau truyén théng; phan tich nguyén
nhan dau con bi ket trong cac ddi vi ndt né, tac gia dé xuat
phuong phéap ludn mai gém 5 diém khai thac than dau
trong da méng nut né giai doan cudi.

K&t qua, sau han 3 nam ap dung, tinh dén 31/12/2020
phuong phap “tao mat can bang ap suat” da gia tang dugc
375 nghin tan dau; tiét kiém lugng nudc bom ép la 1,607
triéu m?, va dang tiép tuc phat huy hiéu qua trong cac
nam tiép theo.

”

Ap dung phuang phép “tao méi trudng mat can bang
dugc khdng dinh vé Iy luan va thuc tién ching minh 13 hiéu
qua. Tuy nhién, day la nhiing két qua nghién ctu dau tién
(giai doan 1) dat dugc & muc DINH TINH. Can thiét phai tién
hanh budc nghién cuu ti€p theo (giai doan 2) nham xac
dinh céc gia tri PINH LUGNG cutia phuang phap, dong thai
danh gia nhing rdi ro (tac dung phu) c6 thé xuat hién khi
ap dung phuang phap va cac bién phap khac ché.

Do tinh chat phuc tap cGia than dau trong da mong
nut né, doi hoi su két hop chiét ché gitra nghién cidu trong
cac phong thi nghiém, mé hinh mé phong via va so sanh
vGi két qua thuc nghiém trong diéu kién thuc tai 1 khu
vuc mo, lam can ct viing chac cho viéc xdy dung va hoan
thién cong nghé/quy trinh khai thac hiéu qua va nang cao
thu hoi dau trong tdng da mong granite nit né mé Bach
H& giai doan cudi.

Tai liéu tham khao

[11 Phung Binh Thuc, “Nghién ctu, dé xuat cac giai
phap céng nghé va ky thuat nang cao hé sé thu héi dau
giai doan cudi d6i tugng méng md Bach HS - Ky I: D6i
tugng mong méd Bach HGS va qua trinh khai thac’, Tap chi
Ddu khi, S6 5, trang 22 - 28, 2018.

[2] Phung Binh Thuc, “Nghién ctu, dé xuat cac giai
phéap c6ng nghé va ky thuat nang cao hé sé thu hoi dau
giai doan cudi déi tugng mong mé Bach HS - Ky II: Danh
gia hiéu qua qua trinh duy tri 4p luc via, thuc trang khai
thac cta tung khu vuc, tén tai va nguyén nhan’, Tap chi
Dau khi, S6 7, trang 18 - 34, 2018.

[3]1 Phung Binh Thuc, “Nghién ctu, dé xuat cac giai
phap céng nghé va ky thuat nang cao hé s6 thu héi dau
giai doan cudi doi tugng méng md Bach H6 - Ky Ill: Dé
xuat cac giai phap ky thuat - cong nghé khai tac hiéu qua
déi tugng méng mé Bach HE trong giai doan cudi’, Tap chi
Dau khi, S6 8, trang 16 - 35, 2018.

[4] PhungbinhThuc,“Mét s6 gidi phap céng va nghé
ky thuat gép phan nang cao san lugng giéng dau va hé
s6 thu héi dau mé Bach HE”, Tuyén tap Hoi thao khoa hoc
“Ndng cao hé sé thu héi ddu mé Bach H6”, trang 14 - 22,
Ving Tau, 2003.

[5] Phung Binh Thuc va Mai Van Du, “Danh gia méi
lién hé tuong tac gilra cac giéng khoan trong qua trinh
khai thac via ddu méng mo Bach HS bang phan tich tuong
quan hang Spearman’, Tuyén tdp bdo cdo “Héi nghi khoa
hoc céng nghé 30 ndm Ddu khi Viét Nam: Co hdi mdi, thdch
thic méi”, Ha Noi, trang 955 - 961, 2005.

[6] Phung Dinh Thuc and Mai Van Du, “New concept
in adjustment of development process for Bach Ho
basement oil reservoir’, Technical forum “Cuu Long basin
production - Challenges and opportunities”, 3/2003.

[71 Phung Binh Thuc va Mai Van Du, “Nang cao hé s6
thu héi dau via ddu méng mé Bach HS bang duy tri trudng
ap suét via t8i uu’, Tuyén tdp Héi thdo khoa hoc “Néng cao
hé sé thu héi ddu mé Bach H6”, Viing Tau, 2003.

[8] PhungDinhThuc,“Mét sé giadi phap cong nghé va
ky thuat gop phan nang cao san lugng giéng dau va hé s6
thu héi dadu mé Bach HE”, Tap chi Ddu khi, S6 1, trang 16 -
17,105-112,2008.

[9] Phung Binh Thuc, Duong Danh Lam, va Luu Vinh
Hung, “Co ché va cdng nghé nut via thay luc - xtr ly axit d6i
VGi cac giéng thudc tdng mong mé Bach HE', Tap chi Ddu
khi, S6 4, trang 16 - 28, 1999.

[10] Phung Binh Thuc, “Ung dung toan hoc trong
khai thac dau khi tai thém luc dia phia Nam Viét Nam", Ky
yéu “Héi nghij toan qudc ldn thir nhdt vé ting dung todn hoc”,
trang 53-66, Tap |, Ha Noi, 23 - 25/12/1999.

[11] ®OyHr OuH Txbik, “MpumeHeHne dpaKTanbHbIX

TEXHONOrmnMn B npoueccax
“OpakmasnvHble mexHono2UU 8

HedTerazonobbiun’,
Hayureiti  CemuHap:
Hegpmezazodobsiue”, baky, 12 - 15 aHBapa 2000 roga.

[12] ©®yHr OuH TxbIK, “UccnegoBaHme grHAMUYECKUX
XapaKTepUCTUK cMcTeMbl AOObIYM 1 TPAHCMOPTUPOBKM
HedTU 1 rasa Ha XKHOM KOHTMHEHTANIbHOM LWesibde
BuetHama’, XKypHan Aszepb6alioxaHckoe
Xo3aticmeo, N2 4, 2000.

Hegpmaroe

DAV KHi - SO 4/2025 13



)

610 LUA I SAN, KIEN TAO N

)

)

KHOA HOC CONG NGHE

(NG LUONG QUi A

[13] Phung Binh Thuc va Duong Danh Lam, “Hoan
thién céong nghé xu ly vung can giéng & tang mong mo
Bach H&", Tuyén tap bdo cdo Héi nghi khoa hoc - céng nghé:
“Nganh dau khi truéc thém thé ky 217, Ha N6i, 2000.

[14] Phung Binh Thuc, “Enhancing oil recovery
for Bach Ho basement reservoir at the final production
phase - Science basis, methodology and technological
solutions”,
optimal production regimes for fractured basement
reservoir, including regime at reservoir pressure bellow the
bubble point”, Vietsovpetro, 15/9/2022.

International Research Workshop “Studing

[15] Phung Binh Thuc, “Khai thac than dau trong da
moéng md Bach HS: Nhiing van dé phuc tap chinh va cac
gidi phap cong nghé - ky thuat ch yéu’, Tuyén tdp bdo cdo
“Héi nghj khoa hoc - c6ng nghé chao mung su kién khai thdc
tdn ddu thi 250 triéu”, Vietsovpetro, trang 250 - 263, 2024.

[16] Phung Pinh Thuyc va Phan Ngoc Trung, “Tang
cudng thu héi dau (EOR) trong dd méng granite nit né:
Cac gidi phap phi héa hoc cho mé Bach H&", Ddu khi - Khoa
hoc, céng nghé va déi méi sdng tao, S6 1, trang 4 - 11, 2025.
DOI: 10.47800/PVSI1.2025.01-01.

OIL EXPLOITATION FROM BACH HO BASEMENT RESERVOIR:
SCIENTIFIC BASIS, METHODOLOGY AND SOLUTIONS TO IMPROVE
THE EXPLOITATION TECHNOLOGY AT THE FINAL PRODUCTION STAGE

Phung Dinh Thuc"?

Wietnam Petroleum Institute (VPI)
Aietnam Petroleum Association (VPA)
Email: thucphung125@gmail.com

Summary

After more than 30 years of production, Bach Ho oil field has reached its final production stage. The major challenge in this period is water
cut rapidly increasing, even in the main oil producers. The biggest problem is that a large amount of oil reserve is trapped in the microfracture
zones without suitable technology to exploit it. Producing oil and improving the recovery rate from the basement reservoir - particularly from
microfracture zones - remains extremely challenging.

Based on an evaluation of the production performance of Bach Ho oil field, the author focuses on analyzing the effectiveness of the
solutions to maintain the reservoir pressure, identifying the remaining oil reserves areas, and especially examining the causes of current
challenges and unsolved problems. The article also highlights the differences between basement oil reservoirs and conventional oil reservoirs,
and thereby proposes amethodology for producing oil from fractured granite basement at the final stage. The new method has been successful
applied in a selected area of the Bach Ho il field and has initially achieved positive results.

Based on the results yielded, the author proposes solutions to be implemented and outlines the direction for further research, as a basis
forimproving technology to effectively exploit Bach Ho basement oil reservoir in its final production stage.

Key words: Fractured basement, improved oil recovery (I0R), Bach Ho field.
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NGHIEN CUU CONG NGHE KIEM SOAT CAT CHO BOI TUONG MIOCENE
DUCI MO CA TAM: BANH GIA KY THUAT, HIEU QUA KINH TE
VA TIEM NANG AP DUNG
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Tom tat

Trong qua trinh khai thac dau khi, ap suat via suy gidm va d6 ngép nudc gia tang dan dén giam do bén thanh hé, xuat hién hién tugng
sinh cat. Tai mo C& Tam, van dé nay con nghiém trong hon do thanh hé c6 tuoi dia chat tré va bé rGi, vdi gia tri ap sudt via téi ngudng sinh
cat rat gan vai ap sudt via ban dau va ap suat day giéng & ngudng rat cao. Hién tugng sinh cat khién sén lugng dau thu hoi bi giam dang
ké so vdi thiét ké, cd thé dan dén tinh trang hu hdng giéng khoan va hé thong thiét bi bé mat, anh hudng dén an toan khai thac khi cét
phd hiy cac co ché bao vé cla gian.

Bai bdo gidi thiéu co s& Iy thuyét vé hién tugng sinh cét, kiém soat cat va cac vén dé khai thac déc trung cho tang Miocene dudi mo

(CaTam, tir d6 dé xudt giai phap t6i uu dé kiém soat cat bang thiét bi loc cat st dung dng thép cudn xoan (coiled tubing).

Tir khéa: Sinh cét, d0 bén thanh hé, Miocene dudi, mé Ca Tam.

1. Giéi thiéu

Tai bé Cliu Long, d6i tugng chia dau chinh gém
maéng granite nut né va tram tich. Tang tram tich dugc cau
thanh tur cac I6p cat, bot, sét cé ngudn géc song ho, dam
lay va ctia bién. Cac d6i tuong nay chii yéu cé tudi dia chat
tré (Cenozoic/Bé Tam) va & khu vuc nudc ndng, da co do
két dinh kém do lién két xi mang gitia yéu.

Hién tugng sinh cat trong giéng khai thac c6 thé lam
tac 6ng khai thac, 6ng chéng, dudng 6ng cong nghé va
binh chua trén bé mat; gay an mon cac thiét bi dan téi
mat kiém soat giéng hodc phét thai chat luu khéng mong
mudn. Viéc sir dung thiét bi loc cét trong bo thiét bi long
giéng tao ra Idp thiét bi loc cét sé lam suy yéu nang suat
clia giéng, theo thdi gian sé ngan dong vao giéng va dé lai
mot lugng 16n dau cé thé thu héi ngay bén ngoai Idp thiét
bi loc. Trong thuc té&, kiém soat hién tuong sinh cét c6 thé
it ton kém chi phi hon, gidp thu héi nhiéu dau hon so véi
viéc ap dung cac giai phap chéng trao cat.

(=] A [m]
4 Ngay nhan bai: 10/7/2025
Ngay ddnh gid va sta chiia: 10/7 - 14/8/2025
[= E Ngay duyét dang: 14/8/2025

Sinh cat trong cac giéng khai thac la van dé dang duac
xU ly hang ngay trén thé gidi. Khdi lugng cat sinh ra c6 thé
tu vai lit dén vai tram mét khéi. Hién tugng nay thudng
xuat hién tai cac moé khai thac & giai doan suy giam ap suat,
gia tang d6 ngap nudc va la mét trong nhiing nguyén
nhan chinh gdy dung giéng, stra chita I16n giéng khoan.
Sinh cat thudng xay ra do nhiéu nguyén nhan [1], cu thé:

- Cac yéu t8 dia chdt nhu do sau tang san pham, ap
suat via, thanh phan dia chat, muic d6 lién két cta via, d6
tham, cling nhu dac tinh clia tang cat;

- C4c yéu t6 cong nghé nhu luu lugng cta giéng,
chénh ap, suy giam do tham, cac van dé lién quan tdi luc
két dinh mao dan cula cat;

- Cac yéu t6 ky thuat co6 thé lién quan té6i ciu tric
day giéng, tinh trang khu vuc day noi dong chay qua: cac
théng s6 nhu khodng mé via, trang théi kénh dan ban
min.

2. Cac yéu té anh hudng téi sinh cat va cac phuong
phap kiém soat sinh cat theo thai gian khai thac

Cac yéu t6 anh hudng tai viéc sinh cat dugc trinh bay
trong Hinh 1.
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Hinh 1. Cdc yéu t6 dnh hudng téi sinh cdt.
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Hinh 2. D6 thi chénh dp khai thdc téi han.

B 16 DiukHi- SO 412025

Pé xac dinh dugc ngudng sinh cat,
d6 thi chénh ap khai thac téi han dugc
xay dung dua trén cac thi nghiém dia
co [2].

Ngudng sinh cat dugc xac dinh
bang t8 hgp UCS/triaxial (hiéu chinh ¢,
@) va thit HCST/TWC & diéu kién T-P méd
vGi mau 16i bao ton (brine tuong duong).
Onset dugc dinh nghia khi khéi lugng
hat thoat ra =1 g/10 phut hodc tin hiéu
AE vugt ngudng; sanding bén vimng
khi dM/dt 8n dinh =15 phat. Budng
bao CCDP theo depletion stress path
dugc suy ra bang hoi quy GLM; Cl95%
uéc luong bootstrap (B = 1.000). Do
l3p (repeatability): RSD% < 10% cho do
triaxial/UCS; < 15% cho HCST/TWC [3].

TU Hinh 2 ¢6 thé nhan thay dugc
cac diém sau:

- Chénh ap t&i han sinh cat phu
thudc vao &p suat via. Ap suéat via suy
gidm trong qua trinh khai thac sé dan
dén gia tri chénh ap gidi han bi thu hep,
giéng sé phai gidam khai thac dé dam
bao khéng xay ra hién tugng sinh cat;
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- Tai diém giGi han CDPP Depletion, cat sé sinh ra
dudi moi gia tri chénh ap, cé nghia la sé xay ra hién tugng
sinh cat vai bat ky luu lugng dong chay nao trong qua
trinh khai thac giéng;

- Diém tdi han thudng sé & rat gan diém ap suét via
ban dau vai cac giéng cé thanh hé b rdi, viéc khai thac
khoéng cé cét 1a gan nhu khéng thé.

Pé dam bao gidm lugng cat sinh ra trong qua trinh
khai thac, d@m bao an toan hé théng khai thac va nang
cao dé bén thanh hé, c6 thé 4p dung cac phuong phap
chinh nhu Hinh 3.

- Diéu chinh gidam luu lugng khai thac: Gidm luu
lugng khai thac sé giam luc can do toc do dong chay cua
chat luu. Viéc xéac dinh luu lugng khai thac t6i da khéng
sinh cat 1a phuc tap va khé khan do diéu kién via thay di
theo thai gian, dac biét khi xuat hién nudc trong chat luu.

- Tang tiét dién dong chay: Hién tuong sinh cat trong
céac giéng chéng 6ng c6 thé xtr ly bang cach tang mat do va
kich thudc cia dan. DBiéu nay giup giam toc d6 dong chay
trong giéng khoan xu6ng dugi gia tri ngudng sinh cat.

- Ban min cé chon loc: Phuong phap nay chi dat hiéu
qua khi cac vuing chac chan nhat cla via chia dugc xac
dinh chinh xac bang cac phuang phap do dia co hoc. Tuy
nhién, tat ca phuong phap nay déu lam cho luu lugng thu
hoi bi giGi han va muc dé bén viing cta giai phap kiém

soat c6 thé bi suy gidm theo thdi gian do cac tinh chat clia
via thay déi.

- Phuong phap két dinh cat tai ché: Cac phuong
phap nay st dung chat két dinh nhan tao va dugc tng
dung tir nhitng ndm 1940. Phuang phap két dinh cat tai
ché dua trén su phan tan cta hoa chat (cac loai nhua -
resins) trén toan khu vuc via, dic biét phd bién vao giai
doan 1950 - 1960, khi phuong phap s dung thiét bi loc
chua dugc hoan thién.

- Phuaong phap thiét bi loc chén séi boc nhua (resin-
coated gravel pack): Day la bién thé/su két hgp gila
phuong phap két dinh cat bang héa chat va phuong phap
st dung thiét bi loc. Theo d6 loai s6i dugc boc nhua sé
dugc bom vao trong via. Sau qua trinh polymer hda, vat
liéu du thira trong giéng sé dugc khoan pha.

- Phuaong phép co hoc: Si dung thiét bi loc dé giir
cét sinh ra tu via (c6 thé cung véi s6i) hodc sir dung soi
dé gilr cat via (c6 thé cling vdi thiét bi dé git séi). Phuong
phap thiét bi loc c6 chén séi (gravel packing) dang dugc
st dung rong rai trong kiém soat sinh cat. Trong thuc té,
do6 la dat bé loc bang séi vao khoang khéng gian gilia via
chiia kém gan két va thiét bi loc loai khe hoac loai quan
day (Hinh 4).

Uu va nhugc diém riéng cla tling phuong phép dugc
théng ké trong Bang 1.

Giai doan dau
ctia khai thac

Giai doan sau
ctia khai thac

Hinh 3. Cdc phuong phdp kiém sodt sinh dt theo thoi gian khai thdc.
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trong ong
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Thiét bi loc dat trong thiét bi loc ¢6 san

Hinh 4. Mét s6 phuong phdp ca hoc thutng gdp.

Bdng 1. Bdnh gid uu va nhugc diém cia cdc gidi phdp kiém sodt cdt

Phuong phap Giai doan
Diéu chmh gla,m luu Giai doan du
. lugng khai thac
Khéng

can thiép Tar)g tiét dién dong Giai doan du
chdy
Banmincdchonloc  Giai doan sau
PIjUdr}g pzhap €t dinh Giai doan sau
cattaicho

(an thiép  Chen s6i boc cao su Giai doan sau
Pljucpg phap cahoc Giai doan sau
Stia giéng
Phtfcng p haPMw hoc Giai doan sau
Khong sua giéng
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Kha néng trién khai

- Trién khai tai chd

- Thdi gian thi céng ngan
- Trién khai tai chd

- Can doi ban min

- Thdi gian thi cong ngan
- Trién khai tai chd

- Can doi ban min

- Thei gian thi cong ngén

- Trién khai tai chd
- Thei gian thi cdng ngan

- (an stia giéng

- Thdi gian thi cong dai
- (an stia giéng

- Thdi gian thi cong dai
- Trién khai tai chd

- Can doi thuc hién
- Thai gian thi cong ngan

Két qua
Gidm san lugng

Khdng gidm san
lugng

Khdng gidm san
lugng

- (6 khd nang gay ra
tinh trang tdc via

- Gidm san lugng

(6 kha nang mat san
lugng do dung dich
dap giéng

Kha ndng mat san
lugng do dung dich
dap giéng

Gidm san lugng it

Thiét bi loc dat tai
khoang chon loc

Thiét bi loc dat trong 6ng khai théc
da dugc gia ¢6 bang xi mang

Kha néng iy
thay thé Gia thanh
Tu trién khai tai Khdng co
chd CAPEX/OPEX
- Trién khaitai chd ~ CAPEX/OPEX
- (an doi ban min trung binh
-Trién khaitaichd  CAPEX/OPEX
- Can doi ban min trung binh
- Trién khai tai chd
-Canhéaphdm  OPEX trung binh
- Khé kiém sodt
o ik CAPEX/OPEX
(an stra giéng
Qo
o ik CAPEX/OPEX
(an stfa giéng
Qo
Gndsithuchien ~ CAPEN/OPER
trung binh
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Hinh 5. Phdn bd'mang lui giéng khoan ddi tugng Miocene dudi mé (d Tam.

2480

2

09/2019 Dong thai khai thac clia giéng (T-6
12.000 - 0
Sinh cat [am gidm san lugng khai thac giéng (T-6
10.000 500
— - -1.000
E 8000
= (4t chan van lam viéc - -1.500 €
= 6.000 lam giéng nging cho 2
o N 2 rd <O
= dong san pham - -2.000 8
3 4.000
J\y/\ / - -2.500
2.000 / - -3.000
= v Van gaslift orifice 2.695 m
0 AN — L 3500
2 2R E 28 53 833X X I T T E
S &S S S S S S 8 S S 28 8 2
ST S5S S S 5S5S5SS~35=%%55°55%=¢8
San lugng dau theo théng San lugng nudc theo thang D0 sau day (m)
01/2020 Dong théi khai thac cla giéng (T-5
4.500 Sinh cat lam giam san lugng khai thac giéng (T-5 - -2.600
4.000 - -2.700
3-500 n _2‘800
= 3.000
k) - 22900 £
2 2500 z
= - -3.000 S
S 2.000 <
= - 3100 S
5 1500 e
500 - -3.300
0 m - -3.400
[=)) [=)) o o o o o — — — — o~ o~ o~ o~ o o [ag] [ag] < < <
S RIS S SSE8ESS8S8S<SS88S88888E8¢&
S 5 - 355:-555:555:5553:=555
San lugng dau theo thang San lugng nudc theo thang D0 sédu ddy (m)

Hinh 6. Dong thdi khai thdc cia 2 giéng (T-5 va CT-6 mé Cd Tam.
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3. Nghién cuu céng nghé kiém soat cat cho ddi tugng

Miocene duéi, mé Ca Tam

3.1. Phdn tich nguéng sinh cdt cho cdc giéng CT-5 va

CT-6 mé Cd Tam

Mo Ca Tam (L& 09-3/12, bé Clu Long), ¢c6 téng dién
tich 4.441 km?2, d6 sdu muc nudc bién 10 - 80 m.

San lugng tang Miocene duéi clia C4 Tam suy gidm
manh trong nhiing nam gan day [4]. Trong thang 9/2025,
chi con giéng CT-5X dang hoat dong & khu vuc doc lap
khoi than dau chinh ctia Miocene dudgi. Nguyén nhan do
anh hudng cua hién tugng sinh cat & tang Miocene dudi
[6], khién cac giéng CT-5, CT-6, CT-7 phai diing hoat déng.

Nhom tac gia tap trung phan tich 2 giéng c6 san luong
I6n nhat trudc khi mat dong la giéng CT-5 va CT-6. Ddng
thai khai thac cac giéng CT-5, CT-6 va s6 liéu phan tich
ngudng ap suat sinh cat cho cac giéng CT-5, CT-6 dugc

trinh bay trong Hinh 6 va Bang 2.

Két qua danh gia cho cac giéng CT-5 va CT-6 cho thay

hién tugng sinh cat xuat hién tir ndm 2019, ngay tai thoi
diém bét dau dua mé Ca Tam vao khai thac. Cac gia tri ap
suat via téi han rat gan vdi gia tri 4p suat via ban dau; gia
tri ap sudt day tdi han rat cao cho thdy d6 bd roi clia cac
tap cat tai tang nay.

3.2, Ldp dqt thiét bi loc cdt str dung éng thép cuén xodn
(coiled tubing) cho mé Cd Tdm

Két qua danh gia sa bd cho thay, cac bién phap sura
giéng, cat than déu c6 chi phi cao va kha nang tai diém
khoan cét than mdi van c6 thé gap tap cét ba rdi, khién
van dé sinh cat khéng gidi quyét dugc triét dé. D€ gidm
thiéu chi phi va khai thac t6i uu tang Miocene dudi, nhém
tac gia dé xuat giai phap lap dat thiét bi loc cat trong éng
khai thac (thru-tubing sandscreen) st dung 6ng thép
cudn xoan (coiled tubing), khong can stia giéng [5].

Quy tac lua chon kich thudc trong thiét ké bo loc/soi
dua theo Saucier (1974). Kich thudc trung binh cla séi
dugc lua chon xap xi bang 6 lan D50 cla cat via va kich
thudc khe loc gan bang D10 cua cat via (dugc diéu chinh

Bding 2. Phdn tich ngutng sinh cdt cho cdc giéng (T-5 va (T-6 mé Cd Tam

Ap sudt via cia giéng CT-6 so sanh vdi ap suat ngudng

Ap suat duoc tinh theo méc 2.420 mTVDSS (at)

PO e 0/180 90/270
Thei gian Ap suat ve Ap suat day Ap sudt via Ap suat day Ap suit via Ap sudt day
thucté thucté ) 3 ) 3
ngudng ngudng nquding ngudng

1/4/2019 187 204

1/5/2019 228 228 187 146 204 180
1/6/2019 208 73 187 167 204 201
1/11/2019 138 57 187 138 204 138

Ap sudt via ctia giéng CT-5 so sanh véi ap suat nguéng
Ap suat dugc tinh theo méc 2.420 mTVDSS (at)

1/4/2019 197 221

1/5/2019 228 228 197 127 221 228
1/6/2019 197 221

1/7/2019 188 93 197 188 221 188
1/12/2021 178 114 197 178 221 178
1/9/2022 171 104 197 171 221 171

Bding 3. Quy tdc lua chon logi thiét bi loc cdt dua trén phdn b kich thudc hat (PSD) [1]

Kiéu thiét bi loc Loai thiét bi loc

Xéranh

Quédn

Chén s6i

Thiét bi loc gian ng

Thiét bi loc don thuan

Thiét bi loc phiic hop
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Thanh phan hat min Kich thudc thiét bi loc
(%) (dwa trén dudng kinh cat nhé nhat)
Phuong phap do Phuong phap do Phuong phap do Phuong phap do

laser quang hoc laser quang hoc

25 12 D10 D10

12 5 D20- D30 D10

6% D50 6% D50

> > 12 D10 D5-10
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theo @6 min va dé phan loai cta cat) [7, 8]. Phan bd kich thudc hat

(PSD) dugc do bang két hop gitia nhiéu xa laser (0,02 - 2.000 um)

va sang udt (63 - 2.000 pm); méi mau dugc do 13p 3 1an dé xac dinh

D10, D50, D90, mode, span va RSD%. Kich thudc thiét biloc dugc lua Screen
chon trinh bay trong Bang 3.

Thiét bi loc sé chan 90% lugng cat xam nhap vao day giéng, cho
10% thanh phan min nhat di qua, sé dugc cudn theo dong chay dua
Ién bé mat [10]. Cac hat cat sé xép I6p & ngoai thiét bi loc theo thi
tu tir to dén nhé, tao thanh rao can tu nhién ngan khéng cho thanh
hé sat & nhu cau trac trong Hinh 7.

Da6i véi giéng khoan CT-5, CT-6, phan tich phan bé kich thudc
d6 hat c6 gia tri trinh bay trong Bang 4. Hinh 7. Co ché lam viéc cda thiét bi loc.

Bding 4. Phdn bd kich thudc do hat va phuong phdp thiét bi loc dé xudt cho giéng (T-5, (T-6

Gia tri Giéng CT-5 Giéng (T-6
D10 7,57 ym 132 pm
D50 42,1 um 485 um
D90 171 pm 986 pum
Mod 53,8 um 599 um
Kich thudc Rat nho Lon
Thanh phan hat min 57% 8,6%
Do chon loc Rat kém Tot
Phuong phap dé xuat Thiét bi loc phitc hop chén séi Thiét bi loc don thuan

| WTLL s T P TR . | Tof1 Bottom Hole Assembly Schematic
T T . Tm Document Namber Ciassification T T T T i
s Foner vl el bl .
WCT Techrical
(R ——
_ sl i TITLE: Thru-Tubing Standalone Screen Assembly Remaining in Hole
T 5 —— - T
o o . - — . [Customer [Vietsowpetro [ L [Vung Tau, Vietnam __[Job Number |
. ' . g = —I- — -1 L ~ Contact [Tran Le Chien |operation |77 Screen Installation _|Prepared by __|Scott Gutleber
7 T - Field/Well Number __|106 |Rig/Platform | |pate [121912024
- e gy i T g - v
1| e
4 BRA e o —— b | 1D [Length] Fish SWL _ [Make-Up| Serial
r (schematic) G @) | @) | @ | Neck | (bs) | (tb) |Number
e - a1 -
prmrm——— 1 |Widepak SLE Retrievable Packer 2240 | 1.463 | 0870 |20638 | 15,000 100
1SO 14310 V3, 5,000 psi-ated Special (18608
Sets ID range from 2.373"- 2.494" Buttress Special
3,700 Iof upward force to release Left Hand| Buitress
- - R O | . 1.9" NU PIN bottom connection Thread lLeft Hand|
iy - (Ratchet) Thread)
-
§ ar
4 = .
2 |buragrip Thru-Tubing Sand Screens 2160 | 1380 | 1340 | 2050 | 14450 | 760
600 micron wire wra
- - Constructed on perforated 1.66" 2.30# tubing
" ¥
- - = | p— .
3 |Bull Nose 2240 | - o018 | 1880 | 72000
} s - No throughbore
v T
-+ =T
=
= =
i L '
- W m=p
1 i ¥
} __ Overall BHA Length (m) _14.450  [Verified by
J_ J_ [Date ___ [iooi004
o - ememde Note: Al dimensions are approxival unl veriied by Weatherford supervisor i he fed pio o run n hole
I ———— s u

Hinh 8. So dd Idp dat thiét bi loc don thudn trong giéng CT-6.
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WELL 105 CTC-1 (JU "PVD 03") o1 Bottom Hole Assembly Schematic
i Docament Namber Crassitication T Bocament Lovel | Revision Approval
Date 17.07.2021
GLWLS-0EPS-L4-01.03 Contrlled [ 1 wer WG
X'mas Tree & Wellhead: Parveen 80/50 - 350
OD | D |TVD | MD |RKRto THG Spol Luck Dou m Tubing Hanger Box x Box @34" TITLE: Thru-Tubing Gravel Pack Assembly Remaining in Hole with Screens in Liner
o] mm [ m | m | Pup Joint Pin x Pin 03" LeLi0m T T
Tap Joint BxP 03" T [Customer Vietsowpetro ng Tau, Vietham __|Job Number |
131.06| 7145 134 ing BxP 0377 L=TJom 4= (34" SCSSV «PARVEEN-TRDP» 2813" Contact [Tran Le Chien |operation |77 Gravel Pack |Prepared by |Scott Gutieber
[=) T=155m Field/Well Number 105 [RigiPlatform | |Date [r219/2024.
. Sub o D34« P 0274 14056, BHA o R oD D [ Length| Fish SWL _ [Make-Up| Serial
173 e S e e (schematic) (n) | () | (m) | Neck (bs.) (f1b) |Number|
1 |Widepak SLE Retrievable Packer 2240 | 1463 | 0870 | 20638 | 15000 100
143 | 62 ™ Pup Joint BxP 927" L=147m ©27" Mandrel Nel L=228m 1SO 14310 V3, 5,000 psi-rated Special (1.860-8
D T Oyie %050 1 Sets 1D range from 2.373"- 2.494" Butress Special
3700 Ibf upward force to release Lef Hand Buttress
19" NU PIN botiom connection Thread Lef Hand|
143 | 62 1610 Pup Joint BxP 927" L=147m ©24" Mandrel Ne2 L=228m (Ratchet) Thread)
D R OYie Wb
1877 0245 (13 $4mm) G178 (10.36mm)
ms| e 260 Pup Joint BxP 02K L=147m 0274 Mandrel N3 L2 zu,/
RT O3/16"-56,7har 2 [Gravel Pack High-Rate Frac Valve 2240 | 1040 | 1040 | 2210 | 10300 | 760
3 With stinger installed, flow diverts to screen annulus
Retrieve stinger to close and lock sliding sleeve
10ss| 96 201 Pup Joint BPOZA'  Lel47m 1.900 NU 10RD BoxxPin
o
ms| e 2653 Pup Joint BxP 024" L=147m 0y MandghNs L-226m
p ROT Y157, OMFs DKO]
3 [Blank Tubing Joints 2200 | 1610 | 78000 | 2200 | 26250 | 760
953 | 587 2851 7 Sli " PARVEEN> 1.9 NU 10RD BoxxPin
700
43| 587 02 ARVEEN>
Tim
1525 | 7303 2856 4 |xoversub 2200 | 1380 | 0213 | 2200 | 14450 | 760
1.9"NU 10RD Boxx 1.66" NU 10RD Pin
il
3| e 270 A 024" Mandrel N L-228m
Gauge BT 5 |Duragrip Thru-Tubing Sand Screens 2160 | 1380 | 1340 | 2050 | 14450 | 760
125 micron wire wrap
Constructed on perforated 1.66" 2.30f tubing
Thiét bi roi Wire wrap screen retains 50770 proppant
9525 | 587 2882
Open 1102020)] 1=055m
Pup Joint BP 02" Le147m
s & 201 = ON-OFF Tool & |Widepak Packer Retrieval Tool 2240 | - | 1830 | 1880 | 72000
| =y g Stm e Ratchetlatches profie in Widapak packer
922 | sass 2001 04 XN Nippel 225" PARVEENS 3700 o overpull equired to unse sacifcal packer
=] Nogo2 17 L=03m 1.66"NU 10RD Box
No throughbore
25 | Crosovr Fin O7SEUES i O1MEUE_12035m Pup v Letam 7 |Widepak SLE Retrievable Packer 2240 | 1463 | 0870 | 20638 | 15000 100
o= S Latched with retrieval fool and run o bottom Special (1860-8
Buttress Special
s Left Hand Butiress
eSS Thread LeftHand
(Ratchet) Thread)
3306
EET3 ¥
37 Overall BHA Length (m) _96.223  [Verified by
12/9/2024
n o Note: Alldimensions prior o run n hoe,
3381 Cement Plug.

Confirm Hole MD as 3247m with 50mm wireline drift from RT - 14.10.2021 ]

Hinh 9. So dé ldp ddt thiét bi loc phiic hap chén séi trong giéng CT-5.

Bdng 5. Bién phdp xir Iy rii ro trong qud trinh vdn hanh va thi cng

Riiro
Hinh thanh nat cat khi bom hat cheén
trong coiled tubing
Chiéu cao ct cat bam vao cao hon thiét ké

Thiét bi loc bi thiing do khai théc
X6i mon duong 6ng bé mat

Giéng ding khai thac do thiét bi loc bi tac

Trén co s& d6 véi giéng CT-5 (57% min) chon thiét bi
loc phiic hgp + chén soi; con giéng CT-6 chon thiét bi loc
don thuan. Quy trinh thuc hién giai phap nhu sau:

Trong trudng hop st dung thiét bi loc don thuan cho
giéng CT-6:

- Rua cat tGi day, hoac it nhat la tGi dé sau 3.079 m;

- Tha chubi thiét bi day theo Hinh 8. Lap dat upper
Widepack SLE Retrievable packer & d6 sau 3.170 m su
dung thiét bi l1ap dat thay luc hodc tai 3.075 m vao XN
nipple profile. Thiét bi loc sé ndm trong khoang 3.076 -

22 DAUKHI - SO 4/2025

Phuong phap phong tranh, xi ly

Kiém soat ndng d cat theo thiét k€, theo ddi dp sudt bom, khi ¢ dau hiéu ting ap suat bom dot
ngot can xem xét hiéu chinh lai chuong trinh bom (gidm néng do, bom day...).

Str dung coiled tubing dé lam sach t6i Frac Valve stinger.

Goi dong bang viéc tao chénh ap nhd, tang chénh ap tir tir kem véi kiém soat chat luu bé mit,
tranh trinh trang dé nong do cét trong san pham qua nhiéu.

Kiém soat ché do khai thac, theo ddi nong dd hat rén trong san pham (< 0,1%).

Lap ké hoach rira dinh ky theo thuc té san lugng clia giéng, khong dé dén mat dong méi thay
thiét bi loc ¢ thé dan dén cat min |ap hoan toan thiét bi loc.

3.090 m (d6 sau c6 thé dugc diéu chinh dua trén viéc gia/
giam s6 lugng thiét bi loc);
- Kéo 6ng thép cudn (CTU) va goi dong giéng.
Trong trudng hop st dung thiét bi loc phic hop c6
cheén séi:

- RUra cat tai day cla thiét bi loc so cap, hodc it nhat
t6i d6 sau 3.000 m;

- Tha chudi thiét bi day nhu Hinh 9. Bat upper
Widepack SLE Retrievable packer 6 do sau 2.875 m su
dung thiét bi l1ap dat thay luc. Thiét bi loc s& nam tai do
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Bding 6. So sdnh chi phi ciia cdc phuong phdp phuc hoi giéng khai thdc tai mé Cd Tam

Phuang phap
Phuang phap st dung gian khoan (1ap dat thiét biloc cling
tubing/cat than)
Phuang phap ldp dét thiét bi loc st dung coiled tubing
Tiét kiém

sau 2.884 m (d6 sau co thé dugc thay d6i dua trén viéc
gia/gidm s6 lugng 6ng néi dai). Tai thsi diém nay van
Gravel Pack High-Rate Frac Valve (khoanh tron) dang &
trang thai md;

- Tha CTU, két n6i dau bom vao upper Widepack SLE
Retrievable packer. Bom gel véi ndong d6 cat cao vao via
san pham qua Frac Valve. Thé tich hat chén cdn bom phai
dugc tinh toan dé noc cot hat chén khéng qua cao;

- Th3 CTU dé lam sach phan hat chén con sét lai trén
Frac Valve stinger;

- Két néi stinger sir dung Flow release Gravel Pack
Stinger Retrievable tool nhu Hinh 9. Khi Stinger dugc thu
héi, Frac port sé dong lai, cho phép dong san pham chay
qua thiét bi loc;

- Kéo CTU va goi dong giéng.

RUi ro va quy trinh xt ly rdi ro dugc trinh bay trong
Bang 5.

3.3. Ddnh gid hiéu qua kinh té

Dé phuc héi dugc cac giéng sinh cét, c6 thé lua chon
giai phap slfa giéng duing gian tu nang hoac giai phép lap
dat thiét bi loc bang coiled tubing. Qua so sanh cho thay
phuang phap st dung coiled tubing cé uu diém vuot trdi
(Bang 6):

- Chi phithap;

- Khéng phic tap nhu trong qua trinh stra giéng, chi
phi phat sinh khéng qué nhiéu (thuc té cho thay khi stra
cac giéng Miocene cla Ca Tam thudng phat sinh chi phi
Ién t&i 30% so véi du todn do phai xUr ly cac phuc tap lién
quan dén thanh hé;

- Thiét bi loc ldp dat bang coiled tubing cho phép
rta dinh ky va thay thé, trong khi d6 st dung thiét bi loc
tha cung 6ng khai thac chi c6 thé thay thé bang gian
khoan tu nang;

- Thai gian thi cdng ngédn hon 50% so véi phuong
phap s dung gian tu nang;

- Khéng gay nhiém bén via do cac qua trinh dap
giéng, slia giéng.

Giéng (T-5 Giéng (T-6
1.717.117 USD
(tuang duong giéng 7/CTC-01) 2159455 U3D
600.000 USD 550.000 USD
1.117.117 USD 1.609.455 USD

Nhu vay, gidi phap chéng trao cat bang phuong
phép lap dat thiét bi loc st dung coiled tubing cho hiéu
qua kinh té vugt troi, tiét kiém tir 1 - 1,5 triéu USD so véi
phuong phap s dung gian khoan truyén thong.

4. Két luan va kién nghi

Sinh cat Ia hién tuong phé bién d6i véi cac mé da khai
thac ladu nam, cé thanh hé b rai va ap sudt via suy giam. Cat
sinh ra gay nhiéu anh huéng tiéu cuc tdi san luogng dau khi,
dd an toan cla cac thiét bi trong ldong giéng va bé mat, chi
phi stia chira va van hanh tang cao... Viéc 4p dung cac bién
phap choéng trao cat phu hgp véi diéu kién mé can dugc
thuc hién sém trudc khi hién tuong sinh cat xuat hién.

Coéng nghé 1ap dat thiét bi loc cat trong 6ng khai thac
strdung coiled tubing cé hiéu qua vugt tréi, gidp tiét giam
chi phi stra giéng va phuc héi san lugng khai thac trong
thaoi gian ngdn. Cac uu diém clia phuong phap nay gom:
Chi phi thap, chi bang 30% so véi chi phi stra giéng; thoi
gian thi céng ngan, chi bang 50% so vdi stia giéng; c6 thé
thay thé dinh ky; giam t6i thiéu tinh trang nhiém ban via
va gidm rui ro khi thi cong.

Phuong phap nay dugc ap dung nhiéu trén thé gidi,
dac biét & cac khu vuc mé sinh cat manh nhu Brunei,
Malaysia. Thai gian khai thac trung binh cta cac giéng
trugce khi can thay thiét bi loc cat déu kéo dai tir 9 thang -
3 nam, san lugng khai thac 6n dinh. D6i véi yéu té dia chat
va quy mo clia mo Ca Tam, phuong phap nay dugc xem la
t6i uu nhat dé c6 thé tan thu héi dau khi ctia mé, ciing nhu
tiét giam t6i da chi phi dau tu cho cac bén tham gia du an.
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STUDY ON SAND CONTROL TECHNOLOGY FOR LOWER MIOCENE
RESERVOIR IN CA TAM FIELD: TECHNICAL ASSESSMENT, ECONOMIC
EFFICIENCY AND APPLICATION POTENTIAL

Tran Le Chien, Bui Khac Hung, Dong Van Hoang, Le Viet Hai, Nguyen Quoc Dung, Hoang Van Minh, Tran Thanh Nam

Vietsovpetro Joint Venture (Vietsovpetro)
Email: hungbk.rd@vietsov.com.vn

Summary

During oil and gas production, reservoir pressure depletion and increasing water cut lead to weakened wellbore mechanical strength,
resulting in the onset of sand production. At the Ca Tam field, this issue is even more severe because the formation is geologically young
and poorly consolidated; the critical sand-production threshold pressure is very close to the initial reservoir pressure, while the bottomhole
pressure remains at a very high level. Sand production significantly reduces the actual oil recovery compared to the design expectation, and
may cause wellbore damage, surface facility failures, and safety risks due to erosion of the platform’s protective systems.

This paper presents the theoretical basis of sand production and sand control, and analyzes production challenges in the Lower Miocene
reservoir of the Ca Tam field. Based on this analysis, an optimal solution is proposed - the installation of sand-control screens using coiled
tubing without the need for a conventional drilling rig.

Key words: Sand production, wellbore mechanical strength, Lower Miocene, (a Tam field.

24 DAUKHI - SO 4/2025



PETROVIETNAM

KHOA HOC. CONG NGHE VA 801 MOI SANG TAD PETRI’/I,ETNAM

CAC TIEU CHI LUA CHON BOM tDIEN CHIM TRONG KHAI THAC DAU
TANG CHUA MIOCENE GIUA, BE CUU LONG
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Tom tat

Bai bo phan tich cac tiéu chi ky thudt dé lwa chon va thiét ké hé thong bom dién chim (ESP) nhdm t6i uu héa san lugng, nang cao hé
50 thu héi va dam bao hiéu qua kinh t& cho cdc md thudc bé Ctu Long. Nhom téc gia dé xudt quy trinh Iya chon bom dién chim xem xét
toan dién cac tiéu chi vé diéu kién giéng khoan, dac tinh chat luu, thdng so thiét bi, diéu kién van hanh va hiéu qua kinh té.

Dé gidi quyét cac thach thiic dac thu vé dia chat va diéu kién van hanh tai bé Ciru Long, nghién ctiu dua ra cac khuyén nghi cu thé vé
cau hinh thiét bi (bd xt Iy khi, vat liéu chéng mai mon, ddng co chiu nhiét cao) va chién lugc van hanh (st dung bién tan - VSD) dé diéu
chinh tan s6 va toi uu hiéu sut. Két qua nghién ctiu cung cap co sé khoa hoc quan trong cho viéc thiét ké hé thong khai thac tin cay va
hiéu qua, g6p phan t6i uu khai thac céc tang chita Miocene gitta ctia bé Citu Long.

Tt khéa: Bom dién chim (ESP), lwa chon ESP, Miocene gitia, bé Cliu Long.

1. Giéi thiéu

Bé Cltu Long, nam & thém luc dia phia Nam Viét Nam,
dugc xac dinh 1a mét trong nhiing bé tram tich c6 tiém
nang dau khi 16n nhat khu vuc Bong Nam A. K& tu khi
md Bach HG di vao khai thac, bé Clru Long da trd thanh
tru cot ctia nganh céng nghiép dau khi Viét Nam. Trong
cau truc dia tdng cla bé, cac tap san phadm thudc tang
Miocene giira, dac biét la khu vuc trung tam, da va dang
I d6i tuong khai thac quan trong, déng gép dang ké vao
san lugng khai thac toan bé.

Tuy nhién, sau giai doan khai thac tu phun ban dau
dua vao nang lugng via ty nhién, dp suat via suy giam
nhanh chéng, doi hoi 4p dung cac phuang phap khai thac
nhan tao dé duy tri va én dinh san lugng. Trong s6 cac
phuong phép d6, bam dién chim (ESP) dugc xem la moét
gidi phap uu viét nhd khd nang dap ung luu lugng 16n,
hiéu sudt cao va phu hop véi diéu kién khai thac ngoai
khai. Thuc té tai cdc mé nhu Bong Bé, Rong, Ca Tam cho
thay ESP la giai phap kha thi nhat cho giai doan khai thac
cudi dGi mo.

Ngay nhan bai: 23/7/2025
LY Ngay ddnh gid va siia chita: 23/7 - 6/8/2025
= Ngay duyét ding: 6/8/2025

Bang 1 thé hién tinh hinh van hanh cla cac giéng
thudc 2 déi tugng khai thac chinh 1a Miocene va Méng
tinh dén quy | nam 2025. G tap Miocene, da s6 cac giéng
nhu Mio-1, Mio-2, Mio-3 va Mio-5 van dang hoat déng
8n dinh, vai thai gian khai thac kéo dai ti khoang 10
dén hon 11 nam, cho thdy hé thong ESP dang st dung
tai day co do tin cay cao va van hanh bén bi. Riéng Mio-4
da dung hoat dong sau khoang 11 nam, phan anh chu
ky tu nhién cua thiét bi hoac su suy giam diéu kién khai
thac.

TU thanh céng budc dau cua viéc ap dung khai thac
bang bom dién chim cho d6i tugng Miocene noéi chung,
viéc rut ra cac bai hoc kinh nghiém trong cong tac lva
chon va thiét k& mot hé théng ESP phu hgp cho cac tang
Miocene gilta 1a mét nhiém vu day thach thic. Nguyén
nhan la do dac diém dia chat - dia vat ly ctia khu vuc kha
phuc tap, trong khi tinh chat chat luu lai bién ddong manh
v6i ham lugng khi tu do cao va xu hudéng sinh cat dang
ké. Bén canh d6, diéu kién van hanh kh3c nghiét cang lam
gia tang yéu cau vé ky thuat va do tin cay cuda thiét bi. Do
vay, viéc xac dinh mot bo tiéu chi téng thé, viia dap ung
dac diém via vita ddm bao tinh én dinh van hanh, 1a co s&
quan trong dé lua chon dugc t6 hop ESP t8i uu. Hinh 1 cho
thay hé théng dién ctia ESP truyén théng tuong déi phtic
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Bdng 1. Hién trang mdt sd giéng khai thdc bing bom dién chim tai bé Ctiu Long
Déi tuong Giéng Tinh trang (Q1/2025) $6 nam hoat dong
Mio-1 Dang chay ~10,7+
Mio-2 Dang chay ~ 11,5+
Miocene Mio-3 Dang chay ~ 10,5+
Mio-4 ba dimg ~11ndm
Mio-5 Dang chay ~10,7+
Mong-1 Dang chay ~32+
Mong-2 Dang chay ~3,2+
Mong-3 Pa ding ~19
Mong-4 Dang chay ~0,7+
Mong-5 Dang chay ~0,8+
Méng Mong-6 Dang chay ~0,7+
Mong-7 ba dimng ~11
Mong-8 Pa ding ~10
Mong-9 Dang chay ~0,6+
Mong-10 Pa ding ~06
Mong-11 Dang chay ~0,4+
. Induction ‘
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Hinh 1. So' d6 hé thdng dién ctia bom dién chim truyén thong [1].

tap nén viéc hdng héc sé kéo theo thai gian stra chira dai,
chi phi cao.

Xuat phat tu thuc tién dé, bai bao nay nham muc dich
hé théng hoa cac tiéu chi ky thuat then chot lam co sé cho
viéc lya chon ESP t6i uu cho cac mé thudc tang Miocene
gilta, bé Clru Long. Théng qua viéc phan tich dac diém via
chia va chat luu, bai bdo dé xuat mot khung tiéu chi toan
dién, tir d6 gidp gidm thiéu rdi ro, ndng cao d tin cay va
hiéu qua kinh té& clia cac du an khai thac.

2.Pac diém dia chat - via chia va chat luu tang Miocene
giita bé Citu Long

2.1. Ddc diém dia tdng va kién tric

Tang tram tich Miocene gitta bé Clru Long dugc thanh
tao chl yéu trong moi trudng tir chau thé, séng ngoi téi
viing vinh, vGi cac thau kinh cat két xen ké cac 16p sét két.
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M@i trudng tram tich da dang nay tao nén cac tang chua
¢6 tinh bat déng nhat cao, phan 16p méng va bién ddi
nhanh ca theo phuong ngang va phuong doc. Cac dut gay
kién tao hoat dong manh vao giai doan Miocene mudn -
Pliocene da chia cat bé thanh cac khéi, tao ra cac bay kién
tao - dia tang phurc tap, déng thai cling anh hudng dén
tinh lién tuc va ap suét via.

2.2. Tinh chdt vét ly via chira

Cac tang chua Miocene gilia thuding co chat lugng tur
trung binh dén t6t:

- Do réng: Phé bién trong khoang 15 - 25%, ¢ noi
Ién t&i 28% [3].

- D6 thadm: Dao dong manh, ti vai chuc millidarcy
(mD) dé&n hon 1.000 mD, thé hién tinh bat dong nhat r6
rét.
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- Ap suét via: Chu yéu déu thap hon 4p suat thay tinh
nhung cé su khac biét gilta cac khu vuc.

2.3. Tinh chadt chat luu

Pay la yéu t6 anh hudng truc ti€p va sau sdc nhat dén
viéc lua chon ESP:

- Ty trong: Ty trong dau & muc ti nang dén trung
binh (21- 32°API) [3].

- Db nhét: Tuong d8i cao, khodng bién ddi 16n,
thudng tur 3,2 - 26,7 cP & diéu kién via [3].

- Ty s6 khi dau (GOR): Nhin chung ty s6 khi dau dao
ddng & muc trung binh tu 71 - 658 scf/stb, tham chi cao
han & moét s6 khu vuc (nhu déi tugng Miocene gilta mo
Tho Trang 1én dén 2.116 scf/stb) [3].

- Ap suat bao hoa: Ap suat bao hoa thap hon khéng
dang ké so vai ap suat via ban dau.

- Ham lugng cat: Nhiéu mé co6 xu hudng sinh cat do
tinh gan két ctia da chia khéng cao.

- Thanh phan hoéa hoc: M6t s6 md co6 su hién dién
clia CO, va H,S & muc d6 nhe dén trung binh.

- Nhiét d6 via: Thudc loai nhiét @6 trung binh, phg
bién trong khoang 70 - 110°C [3].

3. Cac nhom tiéu chi lua chon bom dién chim

Viéc lya chon ESP cho tang Miocene gilta dua trén
mot quy trinh phan tich da tiéu chi, dugc chia thanh cac
nhém chinh sau:

3.1. Nhém tiéu chi vé ddc diém giéng va chdt luu

Viéc lua chon mét hé théng ESP t6i uu khong xuat
phat tUr cac catalog thiét bi, ma bat dau tu viéc phan tich
sau sac chinh d6i tugng ma thiét bi sé van hanh: giéng va
chét luu. Déi véi tang Miocene giira tai bé Clu Long, day
la budc then ch6t quyét dinh dén 80% su thanh cong hay
that bai clia ca du an. Nhém tiéu chi nay déng vai tro nén
tang, cung cap cac di liéu dau vao quan trong nhat cho
moi tinh toan ky thuat ti€p theo, tu thiét ké co hoc dén
danh gia hiéu suat va kinh té. Bé qua hoac danh gia sai bat
ky yéu t6 nao trong nhém nay déu cé thé dan dén hé qua
nghiém trong nhu gidm san lugng, hu hong thiét bi sém
va tham chi |a t6n kém chi phi sita chiia dé thay thé toan
b6 hé théng.

Tiéu chi 1: Ap sudt ddy giéng va phan tich nodal

Ap sudt day giéng khi khai thac P, (flowing

bottomhole pressure) khong phai Ia mot hang sé ma la
mot bién sé phu thudc vao luu lugng. Viéc xac dinh chinh
xac moi quan hé nay thong qua phan tich nodal (nodal
analysis) la budc dau tién va bat budc. Phan tich nay cho
phép dung nén dudng quan hé gida luu lugng va ap suat,
tir d6 xac dinh dugc diém van hanh t6i uu cho giéng. P,
la yéu t6 quyét dinh chinh dé tinh toan téng cét ap (TDH)
- "stic manh" ma ESP can phai tao ra. Sai sét trong udc
tinh P sé dan dén viéc lua chon s6 tang bom khong phu
hgp: qua it tang sé khéng dat dugc muc tiéu vé luu luong,
trong khi qua nhiéu tang sé khién bom van hanh & vung
qua tai, gay qua tai cho motor va tiéu tén dién nang.

Tiéu chi 2: Ham lugng khi tu do tai cda hut

Day la tiéu chi quan trong nhat va cling la thach thuc
I6n nhat déi véi ESP trong bé Cliu Long. V&i GOR cao, mot
lugng 16n khi sé dugc giai phdng khi ap suat giam xuéng
dudi ap suat bao hoa. Hé s6 thé tich khi (gas void fraction
- GVF) tai diém hut cda bom thudng vugt xa nguéng 10%
ma ESP théng thudng cé thé xdr ly hiéu qua [4, 6]. Hau qua
la hién tugng "giam khi" (gas locking) khién bam ngting
hoat déng, hodc hiéu suat thay lyc suy gidm nghiém
trong. Giai phap bat budc la tich hgp cac thiét bi tién x
ly nhu b tach khi ly tam (RGS) hodc bd xU ly khi néng
cao (AGH). C4c thiét bi nay hoat déng nhu 1 may ly tam,
tach khira khéi dong chat luu va dan khi da tach vao vanh
xuyén gilta 6ng khai thac va tubing dé dugc day 1én déc
lap, gitp gidm GVF tai clra hat bom xuéng dudi nguéng
nguy hiém.

Tiéu chi 3: Xu huéng sinh cdt (sand production)

Cac tang cat két Miocene gilia thudng co tinh két dinh
kém (poor consolidation). Khi ap suat via suy giam va luu
lugng dong chay tang lén, luc kéo clia dong chat luu co
thé lam cac hat cét rdi rac di chuyén vao giéng. Cat 1a "ké
thu" clia ESP, mai mon nghiém trong cac bd phan chuyén
doéng véi van téc cao nhu canh bom (impeller), banh dinh
huéng (diffuser) va cac 6 d6 (bearings). Diéu nay dan dén
hiéu suat bom gidm sut nhanh chong va cuéi cung la
héng héc co hoc. Do d6, viéc lua chon cap d6 chéng mai
mon (abrasion resistance) phu hgp la cuc ky quan trong
trong thiét k& va van hanh ESP. Cac vat liéu c6 d6 mai mon
cao nhu tungsten carbide dung cho cac 8 d& va bé mat
lam viéc, hay cac hgp kim dac biét dugc xt ly nhiét, la sy
Iua chon bt budc dé kéo dai tudi tho van hanh cta ESP
trong méi truong khac nghiét nay.

Tiéu chi 4: Nhiét do via va chdt luu
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Nhiét dé via phé bién 1a 70 - 110°C, cdng vdi nhiét
lugng sinh ra tu chinh hoat déng clla motor va ma sat
thay luc trong bom, c6 thé ddy nhiét dé cuc bo tai motor
Ién rat cao. Nhiét do qua cao sé lam gidm tudi tho cla
dau cach dién bén trong motor, dan dén chay cach dién
va chdy motor. Nhiét d6 cao ciing lam gidm d6 bén co
hoc clia cac vat liéu va lam tang hé s6 gian ng nhiét, gay
kho khan cho thiét ké co khi [4]. Vi vay, viéc lua chon dau
cach dién chiu nhiét cao (vi du loai g6c polyalphaolefin -
PAO) va cép dién c6 I6p cach nhiét dac biét (thudng la 16p
EPDM hodc polypropylene) la bat budc. Cac mé hinh mé
phdng nhiét nén dugc chay dé dam béo nhiét d6 motor
ludén nam trong ngudng cho phép cla nha san xuat.

Tiéu chi 5: Tinh édn mon cda chét luu

Mac du khéng phaila van dé cda tat ca céc mo, nhung
su hién dién cia cac chat khi nhu H,S, CO, va nudc man
trong chat luu tao ra méi trudng &n mon héa hoc. An mon
¢6 thé lam méng thanh kim loai, gdy nut vé do (ng sudt
(sulfide stress cracking - SSC), va cudi cung la dan dén
hong hoc nang. Xac dinh dugc tiéu chi nay sé quyét dinh
viéc lua chon vat liéu cho tat ca cac bé phan tiép xdc voi
chat luy, tir vo bom, truc bom dén cac thanh phan cta
motor va cap. Cac vat liéu nhu thép khong gi duplex (vidu
22Cr va 25Cr) hodc super duplex thudng dugc uu tién cho
cdc moi trudng c6 H,S. Viéc danh gia rdi ro dn mon phai
dua trén phan tich chi tiét thanh phan chat luu, dp suat va
nhiét do via.

Tiéu chi 6: Luu lugng khai thdc va dé suy giam dp sudt via

Luu lugng khai thac muc tiéu khéng chi la mot con
6 ¢6 dinh cho toan bo vong dai giéng. Ap suét via sé suy
gidm theo thai gian, va dé duy tri luu lugng, P, can phai
ha thap hon nia, déng nghia vai viéc TDH sé thay déi.
Hinh 2 biéu dién dudng dac tinh bom (pump performance
curve). Diém van hanh “Operating point”la vi tri giao nhau
gilta dudng dac tinh bom va dudng dac tinh giéng (chinh
la diém can bang luu lugng - ap suat). Day la diém van
hanh hién tai cia ESP [2]. Néu dugc thiét ké ciing nhac
cho mét diém van hanh c¢6 dinh, ESP sé nhanh chéng tré
nén kém hiéu qua. Do d6, ESP can dugc thiét ké dé hoat
déng trong mot dai luu lugng rong, vai diém thiét ké ban
dau nam trong vung hiéu suat t6i uu (best efficiency point
- BEP) nhung van c6 kha nang van hanh an toan & cac luu
lugng thadp hon hodc cao hon trong tuong lai [4]. Diéu
nay thudng dugc giai quyét bang viéc st dung bién tan
(variable speed drive - VSD) d€ diéu chinh t6c dé dong cg,
cho phép "di chuyén" dudng dac tinh bam dé phu hgp vai
dudng dic tinh giéng dang thay d6i.

Nhém tiéu chi vé dic diém giéng va chat luu la tap
hop céc yéu té dau vao co tinh quyét dinh, la dac diém
rieng clia méi giéng khai thac tai tdng Miocene gilta, bé
Clru Long. 6 tiéu chi then chét: (1) Ap suat day giéng; (2)
Ham lugng khi tu do; (3) Xu hudng san sinh cat; (4) Nhiét
do; (5) Tinh an mon va (6) Luu lugng cung d6 suy giam ap
suat via - khéng ton tai doéc lap ma cé méi quan hé tuong
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4,800 E— —— — - 56
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L o~ \ - 48
3,600 yd \\ L 20
/ N g (Mg
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5 2400 / /,/" \ { Z Z
L& Lug
1.800 1 50 =
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Hinh 2. Vi du vé dutng ddc tinh bom dién chim [2].
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Thiét bi diéu khién
va truyén dong dién Nguon cap dién

Hinh 3. Cdu hinh dién hinh cta bom dién chim [2].

DAU KHi - SO 4/2025 29




610 LA 1 SAN, KIEN TAD NANG LUONG QUGE 1A KH“A Hﬂ[: [mm} NGHE

tac chat ché vai nhau. Mot thiét ké ESP thanh cong phai la
két qua clia mét su phan tich téng thé va déng bd tat ca
cac tiéu chi nay. Chi khi nao nhiing dac tinh nén tang nay
dugc hiéu rd va dinh lugng chinh xac, cac ky su mai co thé
chuyén sang budc tiép theo la Iua chon cdu hinh thiét bi
phu hgp, nham bién thach thic cta thién nhién thanh co
héi khai thac hiéu qua va bén ving.

3.2. Nh6ém tiéu chi vé thiét ké va cdu hinh hé théng ESP

Sau khi thu thap va phan tich day du céac dac trung clia
giéng va tinh chat cda chat luu, budc tiép theo la chuyén
hoéa cac dir liéu d6 thanh mot thiét ké ky thuat cu thé cho
hé théng ESP. Hinh 3 m6 ta cau tao va nguyén ly hoat dong
téng quét ctia hé théng ESP, trong dé nang lugng dién tu
mat dat dugc truyén qua cap xuéng dong co dat dudi day
giéng dé van hanh bom, dua chat I6ng khai thac ti via lén
bé mat. Day 1a co s& dé thiét k& cdu hinh hé théng bom.
Nhom tiéu chi vé thiét k& va cau hinh dong vai tro 1a cau
néi, bién nhiing thach thic tir Iong giéng thanh céc giai
phap céng nghé kha thi. Qua trinh nay bao gém viéc lua
chon tiing thanh phan, tinh toan cac théng sé van hanh
va téi uu su két hop gitra cac bo phan nham tao ra mét hé
théng hoat dong 6n dinh, hiéu qué va bén viing. Mét thiét
ké t6t khong chi dap Ung dugc nhu cau khai thac trudc
mat ma con phai cé tinh du phong va kha nang thich tng
véi su suy giam cua via trong tuong lai.

Tiéu chi 1: Tinh todn chinh xdc téng cét dp (total dynamic
head - TDH)

TDH la théng s6 c6t 16i trong moi thiét ké ESP, biéu thi
téng nang lugng ma bom phai cung cap dé dua chat luu
tu diém hut 1én téi bé mét. Viéc tinh toan TDH sai léch sé
dan dén viéc lua chon s6 tang bam khéng chinh xac, kéo
theo hang loat van dé nghiém trong.

TDH dugc tinh toan dua trén cong thuc:

TDH = Ap suat dau giéng (chuyén d6i sang mét) +
Chénh léch d6 sau + T6n that ap suat do ma sat trong 8ng
- Ap suét tai diém hut (chuyén d8i sang mét).

Trong d6, ap sudt tai diém hat (P ) va ton that ma sat [a
cac bién s6 phuc tap, phu thudc vao luu lugng, dé nhét va
dac tinh cda éng. Viéc sir dung cac phan mém mé phéng
chuyén dung la bét budc dé c6 két qua chinh xac. Néu
TDH tinh toan thap hon thuc t& bom sé khong du suc ddy
dong chét luu, dan dén luu luong thap. Ngugc lai, néu TDH
tinh todn cao hon, bom sé van hanh & vung qua tai phia
bén phai clia duong dac tinh, gay ra hién tugng xam thuc
(cavitation), qua tai motor va tiéu hao nang lugng vé ich.
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Tiéu chi 2: Lua chon logi cdnh bom va sé tdng bom

Khéng phai tat ca cac loai ESP déu giéng nhau. Ung
vGi cac diéu kién chat luu khac nhau, cac nha san xuat phat
trién céc kiéu thiét ké canh bom (stages) khac nhau, chu
yéu thudc 3 dong chinh: huéng truc (axial flow), huéng
kinh (radial flow) va kiéu hén hgp (mixed flow). D8i vdi
diéu kién clia bé Cltu Long, nai ¢é luu lugng trung binh va
quan trong nhat la mot s6 doi tuong c6 ham lugng khi kha
cao, cac loai canh bom hén hop hodc hudng kinh cé thiét
ké dac biét dé xu ly khi (thudng c6 gbc canh réng hon,
kénh dan dong rong hon) la su lua chon t6i uu. Ching cé
kha nang chéng "giam khi" t6t hon va cé ving hiéu suat
t6i uu (BEP) réng hon. S6 tang bom dugc xac dinh bang
cach ldy TDH chia cho c6t ap do mét tang bom tao ra tai
luu lugng thiét ké (thong s6 nay do nha san xuat cung
cap).

Viéc Iua chon nay phai ddm bao diém van hanh nam
trong vung hiéu suat cao nhat ctia dudng dac tinh bom.

Tiéu chi 3: Tinh todn c6ng sudt va lua chon motor

Motor la thiét bi cung cip nang lugng cho toan hé
théng. Cong suat motor yéu cau dugc tinh toan dua trén
cong thuc:

Cong suat (HP) = (TDH (ft) x Luu lugng (BPD) x Trong
lugng riéng (5G))/(3960 x Hiéu suat bom).

Tuy nhién, day mdi chi la cong suat thay luc. D€ dam
bao dé tin cay, motor dugc chon phai cé céng suat dinh
muic Ién hon cdng sudt yéu cau, véi mét hé sé du phong
c6 tinh dén cac yéu t6 khac nghiét nhu:

- Nhiét do: Motor bi giam céng suat & moi trudng
nhiét d6 cao.

- DO nhét: Chat luu nhét cao lam ting ma sat va
cdng sudat tiéu thu.

- Ham lugng cat: Cling lam tdng ma sat va cong suat.

Théng thudng, sé ap dung hé s6 du phong ti 10%
dén 20%. Ngoai ra, viéc lua chon dién ap van hanh
(thuéng la 1.500V, 2.000V, 2.500 V hodc cao hon) cling rat
quan trong. Dién ap cao hon sé giup giam dong dién, tu
dé gidm tén that dién nang trén dudng cap va cho phép
st dung cép co tiét dién nhé hon.

Tiéu chi 4: Lua chon bé bdo vé (protector/seal section)

BO bao vé la moét trong nhing thanh phan tinh vi va
quan trong nhat ctia hé théng ESP, c6 nhiém vu:
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1. Ngan chan chat luu tuir giéng xam nhap vao khoang
chtra dau céch dién clia motor.

2. Truyén chuyén ddng quay ti truc motor sang truc
bom.

3. BU ddp sy gian nd nhiét ctia dau motor khi nhiét d6
thay ddi.

4. Can bang ap suat bén trong motor vai dp suat
giéng.

Dai vai moi trudng nhiét dd cao va nhiéu khi, viéc
Iua chon bd bao vé phl hgp la rat quan trong. Cac thiét
ké Tandem hodc Chambered Tandem Bag (CTB) thudng
dugc uu tién nh& cau tridc nhiéu tang bao vé, cung cap
kha nang bl ap va ngan chan khi t6t han so véi cac thiét
ké don gian. Chat luong co cdu (labyrinth) va 6 d& trong
bo bao vé quyét dinh truc ti€p dén tudi tho cla toan bo
hé thong.

Tiéu chi 5: Thiét ké hé théng cdp dién

Cap ESP la dudng truyén cung cap nang lugng cho
motor dudi day giéng va can phai chiu dugc nhiing diéu
kién khac nghiét: nhiét do cao, ap suat I6n, moi trudng céd
thé &n mon va céc tac dong co hoc (bi nén va co xat). Viéc
Iua chon cap dua trén 3 yéu té chinh:

1. Kich ¢& (AWG): dugc tinh toan dé tn that dién ap
trén chiéu dai cdp nam trong gidi han cho phép (thudng
<30V/1.000ft), ddm bao dién ap tai motor du dé khéi déong
va van hanh.

2. Vat liéu cach dién va vo boc: chiu dugc nhiét do
vuot qua nhiét d6 giéng du kién. Vo boc thudng lam bang
vat liéu chéng an mon nhu chi (lead), cao su nitrile hodc
EPDM.

3. C4u trac: Cap ba 16i (det hodc tron) thudng duoc su
dung. Cép can dugc trang bi 16p bdo vé ca hoc (armor) dé
chdéng lai luc nén va mai mon trong qua trinh 13p dat va
van hanh.

Tom lai, xac dinh nhém tiéu chi vé thiét ké va cau hinh
hé théng ESP chinh la qua trinh hién thuc hoa cac yéu cau
ky thuat thanh mét hé théng phan ciing dong bé. 5 tiéu
chi tru c6t - (1) Tinh toan TDH chinh xac, (2) Lua chon loai
canh bom va s6 tang phu hgp, (3) Chon motor ¢6 céng
sudt va dién ap t6i uu, (4) SG dung bé bao vé du tin cay, va
(5) Thiét k& hé théng cap bén viing — phai dugc xem xét
mot cach tdng thé va cé mdi lién hé chat ché véi nhau.
Méi sai sét trong bat ky mat xich nao cta chudi thiét ké
nay déu co thé lam gidm hiéu suat, gay hu hdng thiét bi

va dan dén nhiing thiét hai kinh t€ dang ké. Do d6, mot
thiét ké thanh cong phai la su két hgp téng thé gilra tinh
toan ly thuyét chinh xéc, kinh nghiém thuc tién tir cdc mo
tuong tu va su lua chon cac thanh phan cé dé tin cay da
dugc chiing minh.

3.3. Nhém tiéu chivé vén hanh va gidm sdt

Hé théng ESP dugc thiét ké t6i uu nhung ciing sé
khong hiéu qua néu khéng dugc van hanh va giam sat
mét cach bai ban. Trong qua trinh khai thac, diéu kién via
va chat luu ludén bién dong, nhém tiéu chi vé van hanh
va giam sat khong don thuan la mét tha tuc ky thuat ma
chinh 13 yéu t6 then chét dé bao vé khoan dau tu, t6i da
hoéa tudi tho thiét bi va dam béo san lugng [6]. Day la qua
trinh lién tuc thu thap dir liéu, phan tich xu huéng va dua
ra cac diéu chinh kip thai, bién hé thong ESP tir mot thiét
bi ciing nhac thanh mét céng cu khai théac linh hoat va
thong minh.

Tiéu chi 1: Ung dung bién tan VSD

Viéc st dung VSD khéng con 1a mét tuy chon ma gan
nhu la bat budc d6i véi ESP khai thac tai tang Miocene
gita. VSD cung cép 3 Igi ich chién lugc. Th nhat, VSD cho
phép diéu chinh t6c d6 dong co dé di chuyén diém van
hanh ctia bom trén dudng dac tinh, gidp hé théng luén
thich (ng véi su suy gidm ap sudt via va thay déi GOR theo
thai gian ma khéng can phai thao 1ap thiét bi long giéng
dé thay d6i sé tang bom. Thit hai, VSD cho phép khéi déng
mém (soft start), gidm thiéu tng suat co hoc 1én truc bam
cling nhu séc dién lén lugi dién, qua d6 kéo dai tudi tho
thiét bi. Thé ba, va cling la yéu t6 quan trong nhat, kha
nang diéu chinh téc do gilp t6i uu hoa qua trinh x ly khi.
Bang cach giam baét toc dd bom khi ham lugng khi tang
dét bién, ky su van hanh cé thé cho phép bo tach khi hoat
doéng hiéu qua hon, ngan ngta hién tugng "giam khi" va
duy tri sy 8n dinh cho toan hé théng.

Tiéu chi 2: Hé théng gidm sdt ddy giéng va phan tich dir liéu

D liéu chinh xac va theo thoi gian thuc la cong cu
quan sat phuc vu qua trinh ra quyét dinh cda ky su van
hanh. Cac cdm bién day giéng (downhole sensor) do dac
cac thong s6 quan trong nhu &p suat, nhiét d6 day giéng
(P/T), nhiét d6 motor, rung déng, ro ri dong dién [5]. Viéc
theo déi lién tuc ap suat day giéng cho phép xac dinh
chinh xac diém lam viéc trén dudng dac tinh giéng, phat
hién s6m céc hién tugng nhu nghet bom, suy gidm nang
suat via, hodc suxam nhap ctia nudc. Nhiét dé motor la chi
$6 canh bao sém cho thay cac van dé vé lam mat, c6 thé
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do luu lugng qua thap hodc bé tach khi hoat dong kém
hiéu qua. D liéu nay khéng chi dé theo déi ma phai dugc
phan tich xu hudng (trend analysis). Su sut giam dan vé
ap sudt kém theo nhiét d6 motor ting nhe c6 thé a dau
hiéu cta su suy giam via hoac bom bat dau bi mon, cho
phép 1én ké hoach bao dudng chu déng thay vi ch doi
su O xay ra.

Tiéu chi 3: Chién lugc van hanh va xa ly su' cé

Mét hé théng gidm sat du hoan héo ciing khong thé
hiéu qua néu khong dugc ho trg bai cac quy trinh van hanh
va xttly su c6 dugc chudn héa. Cac quy trinh nay bao gom:
Quy trinh khéi dong dac biét cho giéng nhiéu khi, chdng
han nhu xa khi ban dau qua dudng vong (bypass) hoac
khéi dong & téc dé thap dé "lam sach" khi trudc khi ting
dan t6c dé lén murc van hanh. Cac bang chi dan (operating
envelopes) dugc thiét lap ré rang, xac dinh cac nguéng an
toan cho dong dién, nhiét do, ap suat va luu lugng, giup
ngudi van hanh biét khi nao can can thiép. Kich ban tng
pho vai cac su ¢d thudng gdp nhu "giam khi', nghet bom,
hodc mat pha dién phai dugc dao tao va dién tap thudng
xuyén. Viéc ghi chép nhat ky van hanh (logbook) day du la
v6 cling quan trong dé xac dinh nguyén nhan su cd va cai
thién hiéu suat cho cac lan 1ap dat tiép theo.

Nhom tiéu chi vé van hanh va giam sét la yéu t6 then
ch6t bién mét thiét ké ESP ly thuyét thanh mét cong cu
khai thac hiéu qua va tin cay trong thuc té. Ba tru cét chinh
- (i) Ung dung linh hoat bién tan (VSD), (ii) Giam sat day
giéng va phan tich xu husng dt liéu va (iii) Chién lugc van
hanh va xt ly su c6 cht déng - tao nén mot quy trinh khép
kin: theo déi, phan tich, diéu chinh va t6i uu hoa. Cac yéu
t6 nay khong chi gitup kéo dai tudi tho ctia ESP ma con 13
chia khéa dé khai thac t6i da tiém nang clia via, dac biét la
trong diéu kién phuc tap ctia cac mo thudc tang Miocene
gilra, bé Cltu Long. Pau tu vao céng nghé gidm sét va dao
tao con ngudi van hanh luén mang lai hiéu qua dau tu
cao nhat.

3.4. Nh6ém tiéu chi vé kinh té va dé tin cdy

Trong moét du an khai thac dau khi, moi quyét dinh ky
thuat cudi cing déu can dugc danh gia dudi géc do kinh
té. Nhém tiéu chi vé kinh té va dé tin cay dong vai tro la
chi s6 t6ng hap, dinh lugng hda gia tri cia mot hé théng
ESP trong su6t vong doi van hanh, ti lac 1ap dat dén khi
ngling hoat déng. P&i vSi cadc md ngoai khoi nhu tai bé
Cliu Long, chi phi van hanh (OPEX) va chi phi sfa ch(ta
(workover) dac biét cao, viéc lua chon ESP chi dua trén chi
phi dau tu ban dau (CAPEX) |a tiém an rdi ro. Do d6, nhém
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tiéu chi nay budc cac ky su va nha quan ly phai danh gia
téng thé, can bang gilta chi phi dau tu ban dau vdéi hiéu
sudt nang lugng, dé tin cay, tinh sdn sang van hanh ctia hé
théng, nham t6i uu hoa hiéu qua kinh té trong suét vong
dai cia moé.

Tiéu chi 1: Phan tich chi phivong doi (life cycle cost - LCC)

Phan tich LCC 1a phuang phép toan dién nhat dé€ danh
gia hiéu qua kinh té€ t6ng thé ctia mét hé théng ESP. LCC
khong chi phan anh gia mua thiét bi ban dau, ma con bao
gom toan bd cac chi phi phat sinh trong suét vong dai ctia
hé théng, cu thé:

- Chi phi dau tu ban dau: gia mua thiét bi (bom,
motor, cap, bién tan), chi phi van chuyén va l3p dat.

- Chi phi van hanh: chi phi dién nang tiéu thu (I6n
nhat), chi phi bdo duéng dinh ky.

- Chiphi hu hdng va slta chita: chi phi van hanh gian
khoan dé tha/kéo thiét bi (dac biét ton kém trong diéu
kién ngoai khoi), chi phi thay thé linh kién héng.

- Chi phi mat san luong (lost production revenue):
phan doanh thu bi mat trong thai gian giéng ngting hoat
déng dé stia chira.

Mot hé théng ESP cé gia mua ban dau cao hon nhung
hiéu suat nang lugng vuot tréi va do tin cay cao (dan dén
it 1an can thiép giéng hon) thudng cé LCC thap hon han
5o vGi mét hé thong gia ré nhung kém hiéu qua va hay
hong héc.

Tiéu chi 2: D6 tin cdy va thai gian hoat déng trung binh giiia
21ldn héng héc

D6 tin cady la thudc do xac suat ma hé théng ESP
hoat dong khéng gap su ¢ trong mot khoang thai gian
nhat dinh dudi cac diéu kién van hanh xac dinh. Chi s6
nay dugc dinh lugng héa thong qua thai gian hoat dong
trung binh gilra hai 1an hong héc (mean time between
failures — MTBF). MTBF cao phan anh mét thiét ké vuot
troi, chat lugng ché tao t6t va phu hop vai diéu kién giéng.
Tai bé Cltu Long, chi phi cho mét 1an can thiép giéng co6
thé lén tdi hang triéu USD, viéc nang cao MTBF tham chi
chi vai thang cling mang lai hiéu qua kinh t& dang ké. Do
tin cay khéng phai la yéu t6 may rdi ma la két qua clia viéc
lua chon dung vat liéu (chéng mai mon, an mon), thiét ké
dong luc hoc chat long phu hop (xr ly khi tét) va quy trinh
lap rap, bdo dudng nghiém ngat. Danh d8i mot khoan
CAPEX cao hon dé c6 dugec MTBF cao han gan nhu ludn la
lya chon kinh t& hgp ly.
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Tiéu chi 3: Kha ndng ting pho su ¢6 va hé trg ky thudt tir nha
cung cdp

Yéu t6 con ngudi va dich vu hau mai la tiéu chi kinh té
quan trong nhung thudng bi xem nhe. Mot nha cung cap
uy tin khéng chi ban thiét bi ma con cung cap "géi giai
phap" toan dién, thusng bao gom:

- HO trg ky thuat 24/7: Kha nang cé mat va xly su ¢
kip thai, dac biét Ia trong cac tinh huéng khan cap.

- Thai gian phan héi va su san c6 clia phu tung thay
thé: Khoang thai gian tir ltc dat hang dén khi linh kién
c6 mat tai hién trudng quyét dinh truc ti€p dén thoi gian
nguing khai thac ctia giéng. Mot nha cung cap c6 kho phu
tung tai dia phuong (vi dy, & Viing Tau) sé dugc uu tién
hon nhiéu.

- Dich vu phan tich di liéu va giam sat tur xa: Nhiéu
nha cung cdp hang dau cung cap dich vu theo déi hiéu
sudt hé thong tir trung tdm diéu hanh, dua ra canh béo
s6m va dé xuat téi uu hoa, gitip ngan ngtia su o trudc khi
chung xay ra [6].

Chi phi cho céc dich vu nay c6 thé dugc tinh vao
CAPEX hoac OPEX. Tuy nhién, cac dich vu nay mang lai gia
tri rat I16n trong viéc giam thiéu rui ro va thoi gian nging
khai thac.

Nhom tiéu chi vé kinh t& va dé tin cay cho thay buc
tranh toan canh, céac quyét dinh ky thuat phai dugc dinh
lugng bang chi phi va rui ro. Ba yéu t8 khdng thé tach rdi,
la co s& cho quyét dinh dau tu thong minh gom: (i) Phan
tich chi phi vong dai (LCC) gitp danh gia hiéu qua trong
dai han; (i) Uu tién dé tin cdy va MTBF cao dé giam thiéu
chi phi stia chita va mat san lugng va (iii) Lua chon nha
cung cap dua trén nang luc hé trg ky thuat va dich vu hau
mai gop phan dam bao van hanh hiéu qua va bén viing.

Dé khai thac tang Miocene gila, viéc lua chon hé
théng ESP "ré nhat" ban dau thudng la giai phap "dat
nhat" khi xét dén téng thé vong ddi du an. Nguac lai, dau
tu 6 tinh toan vao cong nghé cao, dé tin cay da duagc
chiing minh va dich vu hau mai mang lai hiéu qua kinh t&
t6i uu va bén ving.

4. Ké&t luan va khuyén nghi

Viéclua chon hé théng ESP cho cac tang chira Miocene
gilfa tai bé& Cliu Long doi héi cach tiép can toan dién va c6
hé théng, dua trén su hiéu biét sau sic vé dac diém dia
chét - via chia va tinh chat chat luu dac thi ctia khu vuc.

CAc tiéu chi quan trong c6 thé dugc tém tat nhu sau:

- XU ly khila uu tién sé 1: Bat budc tich hgp cac thiét
bi tién xur ly khi hiéu suat cao (RGS/AGH) vao thiét ké ESP
tiéu chuan.

- Chéng mai mon la bat budc: Lua chon vat liéu cap
d6 cao (tungsten carbide) cho cac bé phan chiu mai mon
do xu hudng sinh cét.

- Chiu dugc nhiét do cao: Motor va cap phai dugc
thiét ké dac ching cho nhiét dé via tir 70 - 110°C.

- Linh hoat trong van hanh: Bién tan VSD va hé théng
gidm sat day giéng la nhiing cdng nghé khéng thé tach
rgi dé t6i uu hda san lugng va bao vé thiét bi.

- Phan tich kinh té& ky thuat: Lua chon phuong an téi
uu chi phi vong doi, can bang gitia hiéu suat, do tin cay va
kha nang hoé trg ky thuat.

DPé dat dugc hiéu qua khai théac téi da, cac nha diéu
hanh can hgp tac chat ché vdi cac nha cung cap ESP dé
m6 phdng va téi uu héa thiét ké bang cac phan mém
chuyén dung, déng thoi xay dung co s& dir liéu van hanh
chi tiét cho tiing mé, tiing giéng. Viéc 4p dung moét cach
bai ban cac tiéu chi néu trén sé gop phan quan trong vao
muc tiéu kéo dai tudi tho giéng, nang cao hé s6 thu héi
dau va dam bao tinh bén viing cho hoat déng khai thac
tai bé Ctru Long.
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Summary

The paper analyzes the technical criteria for selecting and designing Electrical Submersible Pump (ESP) systems to optimize production
rates, enhance recovery factors, and ensure economic efficiency for oilfields in the Cuu Long basin. The authors propose a comprehensive ESP
selection workflow that integrates key criteria related to well conditions, fluid properties, equipment specifications, operating parameters,
and overall economic performance.

To overcome the specific geological and operational challenges of the Cuu Long basin, the study presents detailed recommendations on
equipment configuration - including gas separators, wear-resistant materials, and high-temperature motors - as well as operational strategies
such as the application of Variable Speed Drives (VSDs) to adjust pump frequency and maintain optimal performance. The outcomes of this
study provide a scientific and practical basis for designing reliable, efficient production systems, thereby contributing to the effective and
sustainable production of the Middle Miocene reservoirs in the Cuu Long basin.

Key words: Electrical submersible pump (ESP), ESP selection, Middle Miocene, Cuu Long basin.
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Tom tat

Bai viét gidi thiéu giai phap (ing dung cong nghé lam lanh ngung tu nhiét do thap st dung turbine gian né (turbo expander - TE) két
hop van Joule-Thomson (JT) tai Nha may X( Iy khi Dinh (6. Dy la cong nghé lam lanh ngung tu nhiét do thap tién tién, hién dai trén thé
gidi gitip gia tang thu héi san phdm 16ng tir ngudn khi dong hanh giau cau ti nang mang lai gia tri kinh t€ cao, gidm nhap khau va dap
ting nhu cau LPG trong nudc, gop phan hinh thanh va phat trién thi truong khi khu viic Dong Nam Bo va ca nudc.

Viéc trién khai tai Nha may X Iy khi Dinh (6 cho thdy hé théng TE-JT két hop dat dugc hiéu sudt [am lanh khi sau hon so véi cu hinh chi
sit dung van JT. Nhd d6, hiéu suat thu héi propane (C) ludn vugt qua 85%, g6p phan cai thién hiéu suét kinh té cGa nha mdy. Gidi phap lai
TE-JT khdng chi chiing t6 tinh ting dung cao trong bdi canh thi truong nang lugng va LPG bién dong ma con la mot budc tién déng ké trong
viéc hién dai hoa cong nghé x( Iy khi cta Viét Nam, phu hop véi xu hudng toan cau vé nang cao hiéu qua nang lugng va giam phat thai.

Tur khéa: Nha may Xt ly khi Dinh €6, hiéu ting Joule-Thomson, ngung tu nhiét dd thap, turbine gian né.

1. Giéi thiéu

Nha may Xt ly khi Dinh C6 la mét trong nhiing hang
muc trong diém cla dé an khi Bach H8 - Pha My, do Téng
cong ty Khi Viét Nam (PV GAS) trién khai. Céng trinh dugc
khai cong vao thang 10/1997, dua vao hoat dong tirthang
10/1998 tai tinh Ba Ria - Ving Tau nay la TP. H6 Chi Minh.
Vi cong sudat thiét ké ban dau 1,5 ty Sm? khi/nam (tuong
duong khodng 4,3 triéu Sm? khi/ngay), Nha mdy X ly khi
Dinh C6& c6 nhiém vu ti€p nhan va xt ly khi dong hanh tir
mo Bach HG6 tao ra cac san pham chinh bao gém khi khé,
LPG (propane, butane) va condensate.

Trong giai doan thiét ké so bo (1992 - 1993), SNC/
Lavalin da dé xuat st dung cum van Joule-Thomson véi
hé théng lam lanh bang propane dé dam bao tién d6 va
han ché rti ro cong nghé trong bi canh Viét Nam bi cam
van. Tuy nhién, sau khi Viét Nam hét cam van, céng nghé
st dung turbine gian né (turbo expander) két hgp van
Joule-Thomson dugc dé xuat va da dugc phé duyét trién

E Ngay nhan bai: 3/6/2025
Ngay ddnh gid va sua chiia: 3/6 - 15/7/2025
[=]: = Ngay duyét déng: 15/7/2025

khai nham t6i uu thu hoi 1éng tir nguén khi dong hanh,
tiét kiém nang lugng va gidm chi phi van hanh.

Nha may dp dung cdng nghé lam lanh nhiét d6 thap sur
dung t6 hop thiét bi turbine gidn nd va van Joule-Thomson
cling vGi hé théng trao ddi nhiét dang tdm, gitip lam lanh
dong khi dén khoang -70°C tai ap suat 35 barg. Giai phap
cbng nghé nay cho phép tach hiéu qua céc thanh phan
ndng nhu C, khdi dong khi kho (chi yéu la methane,
ethane va phan nho C,)). Hiéu suét thu hoi dat muc cao,
VGi C, dat trén 85%, C, dat khoang 97% va C,, 99,8%.

Sau hon 25 nam hoat déng, Nha may Xt ly khi Dinh
C6 da ching minh vai tro tién phong trong viéc tng dung
thanh cong cong nghé ché bién khi hién dai tai Viét Nam.
Bén canh déng gdp vé mat kinh té va nang lugng, nha
may con la cai noéi dao tao thuc tién ddi ngl can bo ky
thuat, cdng nhan vién van hanh, bao duéng trong nganh
céng nghiép khi. Luc lugng nay tiép tuc déng vai trd nong
c6t tai nhiéu du an trong diém nhu Nha may Dam Pha My,
Nha may Loc ddu Dung Quét va Nha may Xt ly khi Ca Mau.

2. Gigi thiéu céng nghé lam lanh nhiét dé thap
Cong nghé lam lanh nhiét dé thap la mot phuong
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Cum xt Iy s6 bd

=2 (Cdp khiBypass

Cum lam lanh

Khi kho

g

Léng

Khi +16ng Phan tach

khi/léng

Khi
Nudc, bui ban...
Khi nguyeén liéu 2 Cum thiét bi _ Long
il tach khi/ldng déu vao =
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‘ Condensate (Cs, G, ...)

-
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Hinh 1. S0 d6 cdc qud trinh xi Iy chinh Nha mdy Xir Iy khi Dinh CG.

phap ky thuat tién tién nham ha nhiét dé cta dong khi
xuéng muc rat thap dé tach cac cdu tir ndng nhu propane,
butane, pentane va condensate khéi khi tu nhién. Muc
tiéu chinh clia c6ng nghé nay la nang cao hiéu suat thu
héi cac sdn phdm c6 gid tri kinh té nhu LPG va condensate,
déng thai ci thién chat lugng khi thuong pham va téi uu
van hanh hé théng.

Céng nghé nay dugc tng dung phé bién trong cac
nha may xu ly khi, t6 hgp ché bién khi LNG va nha may
héa dau - nhiing nai yéu cau hiéu suat tach long cao. Qua
trinh lam lanh thudng bao gém cac thiét bij va hé théng
sau:

- B trao d&i nhiét hiéu suat cao: lam lanh so bd
dong khi dau vao.

- Van Joule-Thomson (JT): thiét bi gian n& ding
enthalpy, gitp ha nhiét dét ngét va thuc ddy qué trinh
ngung tu.

- Turbine gidn n& (TE): st dung dong nang ctdia dong
khi d€ sinh cdng va giam nhiét sau hon so véi van JT.

Cac cong nghé lam lanh thuong dugc st dung trong
thuc té€ gom:

+ Lam lanh bang van JT két hop chu trinh lam lanh
ngoai.

+ Lam lanh bang TE.

+ Lam lanh két hgp van JT vaTE.

36 DAUKHi- SO 4/2025

Su két hop gitra TE va van JT la mot xu huéng céng
nghé t6i uu hién nay, gitp nang cao hiéu suat nang luong,
gidm tén that va chi phi van hanh. Céng nghé nay dac biét
phu hgp trong cac hé théng van hanh & ap suat cao va coé
luu lugng khi I6n - dién hinh nhu cac tuyén 6ng dan khi
dai tir mo khai thac dén nha may xt ly.

2.1.Cong nghé Joule-Thomson

Hiéu (ing Joule-Thomson |a hién tugng thay déi nhiét
d6 clia khi khi gian n& ma khéng trao déi nhiét véi méi
trudng xung quanh, tuc la qua trinh gidn né doan nhiét
va khong sinh cong. Hiéu tng nay dugc J. P. Joule va W.
Thomson kham pha vao gitia thé ky 19 va hién déng vai
trd quan trong trong nhiéu ting dung cong nghiép, dac
biét la trong cong nghé lam lanh nhiét d6 thap va hoa
[dng khi.

Hiéu Ung Joule-Thomson la nguyén ly hoat dong
chinh ctia nhiéu thiét bi tiét luu trong cac hé théng lam
lanh va xt ly khi mang lai hiéu qua thuc té trong van
chuyén va xt ly, ché bién khi ty nhién dién hinh nhu:

(1) Héa Idng khi tu nhién (LNG): Van JT lam lanh khi
methane va cac hydrocarbon nhe (G - G) xudng dudi
diém suong, chuyén ching sang trang thai léng dé luu
trr va van chuyén. Qua trinh nay thudng két hgp véi cac
chu trinh Iam lanh khéac dé tang hiéu suét.

(2) Tach hydrocarbon ndng (natural gas liquid - NGL):
Khi khi tu nhién chia hén hgp hydrocarbon (CH,, CHe,
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Hinh 2. So dd cong nghé st dung céng nghé van JT.

p—
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Hinh 3. S0 d6 cong nghé st dung cong nghé van JT két hap chu trinh lam lanh ngoai (GSP).

C3Hg, C4Hyo), van JT lam gidm nhiét dé dé€ ngung tu cac
thanh phan nang (C+), tdch chidng khoi dong khi kho
(cht yéu la CH,).

(3) Kiém soat diém suang (dew point control): Van JT
diéu chinh nhiét dé dong khi trong dudng 6ng dé ngan
ngua su ngung tu ctia hydrocarbon hodc nudc, ddm bao
an toan va tuan tha tiéu chudn ky thuat (vi du: diém suang
hydrocarbon < -5°C @45 barg).

Trong cac nha may x{ ly khi quy mdé nho hodc yéu
cau thiét ké don gian, cdng nghé sir dung van JT la mét
Iua chon phé bién nhd tinh hiéu qua, chi phi thap va dé
trién khai. Khi tu nhién & ap suat cao gidn nd qua van JT,

dan dén giam nhiét d6 ma khong can thiét bi lam lanh
phuc tap.

Nhugc diém cla cdng nghé van JT |a hiéu suat nhiét
dong luc hoc thap hon so véi cac phuong phap gian né
dang entropy (nhu turbine gian nd), do qua trinh gian
n& trong van JT khong thu héi dugc nang luong. Ngoai
ra, do giGi han cla hiéu ung JT, viéc gidm 4p qua van
cang thap déng nghia véi d6 ma hay tiét dién qua van
cang nho. Diéu nay khéng ché luu lugng qua van. Ngugc
lai khi can thiét van hanh & luu lugng cao thi d6 giam
ap qua van sé khong da 16n dé lam gidm sau nhiét do,
dan dén dong khi khéng dugc lam lanh that sau. Cong
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nghé st dung van JT dugc danh gia cé chi phi dau tu thap, thiét
bi don gian, tuy nhién lai c6 hiéu qua thu héi ldng thap. Do d6 dé
tang hiéu qua hoat dong, trong cdng nghiép khi thuong két hgp
st dung chu trinh lam lanh ngoai (GSP) dé lam méat dong khi dau
bang tac nhan bén ngoai nhu propane trudc khi qua van JT. So dé
c6ng nghé nhu Hinh 3.

Khi vao Khira

Phan gian ng Phan nén

e =
(Ong truyén
sang phan nén

Khira
Hinh 4. So d6 nquyén I hoat déng ctia turbine gidn nd.

Khi vao

Phén gian ng Truc Phan nén

Hinh 5. Hinh dnh minh hoa turbine gidn nd:

2.2. Turbine giédn né

Turbine gidan n& TE la mot thiét bi co khi
chuyén déi nang luogng ap suat ctia dong khi
thanh cong co hoc thdng qua qua trinh gian n&
déng entropy (AS = 0). TE bao gém mét turbine
quay (expander - phan gian) két néi vdi may nén
(compressor - phan nén). Khi dong khi ap suat
cao di vao phan gian ctia TE sé lam xoay céanh
quat bén trong. Dua trén cau trdc hinh dang va
cach sap xép clia cac canh quat, dong khi khi di
gua sé trdi qua qua trinh gian n& lam giam ap
suat, dong thai sinh ra cong hiu ich thuc hién
Ién truc quay cla thiét bi. Céng hiu ich sinh ra
duoc tan dung dé lam tang &p suit cho dong
khi & giai doan khac trong qua trinh xt ly va ché
bién. Ung dung nay gép phan lam tang hiéu qua
st dung ndng lugng cla qua trinh san xuat.

So sanh vGi cdng nghé van JT, céng nghé TE
c6 hiéu suat nhiét dong luc hoc cao hon do kha
nang thu hoéi nang lugng. Tuy nhién, TE yéu cau
thiét bi phurc tap hon va chi phi bao tri cling cao
hon.

Cac quéc gia chau Au va My hién dang dan
dau trong linh vuc san xudt TE nhd cong nghé
tién tién va tiéu chuan ky thuat cao. Tai My, mot
$6 nha san xut tiéu biéu nhu GE Oil & Gas (Baker
Hughes), Atlas Copco va L.A. Turbine. Tai chau
Au, cac cong ty néi bat nhu Siemens va MAN
Energy Solutions (Buc), Cryostar (Phap).

San pham khi

Phan nén

v

¥ W
&

Khi nguyén liéu

Phan gian ng

Thdp tach

San pham léng

Hinh 6. So dd cong nghé st dung TE.
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Thiét bi TE thudng dugc ing dung trong cac hé théng lam lanh trinh gidn nd dang entropy (S) chuyén déi
sau (cryogenic) nhu san xuat LNG hoac thu hoi ethane. nang lugng ctia dong khi thanh nhiét lanh
i . . . L, va sinh cong. Khodng 86% nang lugng chua
2.3. So sdnh c6ng nghé Joule Thomson va turbine gian nd trong dong khi c6 th& dugc thu héi bing cich
Coéng nghé van JT tao ra su gian ng dang nhiét, enthalpy (H) khéng st dung TE.

d6i va sinh cdng do su gian ng d6. Khdng giéng nhu van JT, TE la qua Hinh 7 cho thdy véi cing diéu kién ap

suat va nhiét d6 dau vao, cong nghé TE cho
nhiét dé dau ra thap hon so vai van JT va do
dé diém suong dat dugc thap hon. Diéu nay
, cho thdy cong nghé TE hiéu qua hon trong
viéc thu hoi cac hydrocarbon nang.

Theo Hinh 8, véi cling ty 1é thu héi, hé
théng TE chi s& dung khodng 68% nang
lugng so vGi hé théng lam lanh két hop van
JT.

Ap suét (barg)

Do d6 cong nghé TE dugc dé xuat s
dung nham dat hiéu qua thu hoi cao hon va
dam bao tinh kinh té trong van hanh.

= 2.4. Két hop turbine gidn né va van Joule-
Nhiét do (°C) Thomson
—— Nguyénliéu —— Sauvanjt  —— SauTE

Mac du cdng nghé TE hiéu qud hon so véi
cdng nghé van JT don thuan nhung viéc két

hgp 2 cdng nghé nay sé tao ra mot hé théng

Hinh 7. Gidn dd pha so sdnh cng nghé TE va van JT.

30 t6i uu, vira nang cao hiéu suat nang lugng
25 e e e T e e e vita céi thién kha ning lam lanh. Két hop TE-
JT gitp tang hiéu suat nhiét dong luc hoc tur
g 20 Fttsra e s e B e TE va giam chi phi van hanh tir JT. Cau hinh
:g:_ nay phu hgp cho cac nha médy LNG hodc thu
s 18 st e o héi NGL quy mé I6n,
g 10 Fon i et Sau khi dugc tach long, dong khi céng
L . i T e e SO nghé dugc dugc chia thanh 2 dong:
- Dong thu nhat di qua phan gian ng
070% 80% 90% 100% ctia TE: Tai day dong khi c6 ap suét cao (P, T,)
Hiéu sust thu héi G sé gian na dang entropy xuéng P, va T, thap
—+— Héthong lam lanh +JTvan - - - Turbine - gidn ng hon. Qua Eﬁnh gian ng nay sinh ra cong co
‘ . 5 N . hoc (W) dé quay may nén déng truc.
Hinh 8. Tudng quan str dung nang lugng gidia van JT va TE.
Bdng 1. Bdng so sdnh 2 céng nghé van JT va TE
Tiéu chi Van Joule-Thomson Turbine gidn né
Nquyén ly Gian ng dang enthalpy Gian ng déng entropy
Hiéu sudt Thap Cao
Lam lanh Nhiét do giam it Nhiét d giam sau
Thu héi ndng lugng Khong (6 (cdng ca hoc)
Chi phi dau tu Thap Cao
Chi phi vén hanh, bao dung sta chifa Don gian, it bao tri Phiic tap, can bdo tri dinh ky
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Hinh 9. So dd cong nghé két hap TE va van JT.

- Dong thd hai di qua van JT: Dong khi (P, T,) qua
van JT, gidn n& dang enthalpy xudéng P, va dat nhiét do
T,.T, c6 nhiét d6 cao hon T, la do qua trinh gian ng dang
enthalpy kém hiéu qua hon gian né déng entropy tai TE.

Hai dong khi sau qua trinh gidan né dugc hoa chung lai
va dua vao thap phan tach khi - [dng. Dong khi thu dugc
tur dinh thap dugc dan qua thiét bi trao d8i nhiét trung
gian dé trao d6i nhiét vSi dong khi dau vao nham tan
dung lugng nhiét lanh nay. Sau d6 dong khi nay dugc dua
qua phan nén cta TE st dung céng ca hoc da sinh ra tu
phén gian n& lam tang ap suat P, dén P, dé dua vao dudng
6ng hodc di vao may nén khac.

3. Lua chon céng nghé cho Nha may Xt ly khi Dinh C8
Trong thiét ké ban dau, tu van SNC/Lavalin dé xuat s
dung cong nghé gian né Joule-Thomson két hgp lam lanh

bang propane. Tuy nhién, viéc sir dung don lé céng nghé
JT c6 han ché nhu sau:

- Hiéu suat nhiét dong luc hoc thap.

- Chilam lanh dén-45°C va hiéu suat thu hoi propane
khoang 67,6%, khong téi uu cho khi giau hydrocarbon
nang.

- D6 giam ap qua van JT khéng ché luu lugng, hodc
nhiét d6 khéng du sau khi luu lugng khi cao.

40  DAUKHIi - SO 4/2025

Qua déanh gia cac yéu té ky thuat, hiéu suat thu hoi,
chi phi dau tu (t8ng chi phi dau tu ctia toan bod chudi du an
khong tang so véi phé duyét ban dau), chi phi van hanh,
cling nhu xu huéng cdng nghé quéc té, t6 hgp cong nghé
turbine gian n& két hop van JT duoc lua chon do cac uu
diém sau:

- Lam lanh sau hon: gilip ngung tu t6i da cau ta C, ,
C,, va condensate, nang hiéu suat thu héi C, trung binh
lén 82,5 - 85% (so v3i 68% & hé thong chi dp dung cong
nghé JT).

- Tan dung nang luogng: phan cong sinh ra tu TE dugc
st dung d€ hé trg nén dong khi dau ra hodc cap cho thiét
bi khac, tiét kiém chi phi van hanh.

- Van hanh linh hoat: Hé théng c6 thé chuyén déi
gilta 2 ch& dé van hanh (TE va JT song song) dé thich tng
khi luu lugng hodc thanh phan khi dau vao thay déi.

- T6i uu hda théng sé lam lanh: Ap suat sau cum lam
lanh dugc gidam xuéng thap dén 37 barg, nhiét d6 dat dén
-70°C (so v&i 47 barg va -45°C cta JT). Tan dung cong sinh
ra clia TE d€ nén khi thuang pham (sales gas) cap cho cac
ho tiéu thuy, tiét gidm chi phi dau tu thiét bi va c6 khéng
gian m& réng vé sau.

Viéc lua chon t8 hgp TE-JT khéng chi dua trén co s&
ly thuyét ma con dugc kiém chiing bang hiéu qua thuc té
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Hinh 10. So d6 cong nghé ciia Nha mdy Xir Iy khi Dinh C6'sau khi diéu chinh.
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Bdng 2. Téng hap sdn lugng LPG gia tang do céng nghé TE-JT so véi céng nghé JT don Ié
LPG ’tl;ong Hiéuhsué't San lugng Hiéu suat San lugng Sén.luq!l g
khi am thu héi LPG - 0 s " LPG gia tang -
Nam dau vao Ap dung LPG- Ap dt_|‘ng thuhai LPG- | LPG- AI‘) dl":'g Ap dung TE-JT  Ghi chi
. TE-JT (nghin Ap dung JT (nghin tan/ S
(nghin TET tén/nam) IT (%) nim) (nghin tan/
tan/nam) (%) nam)
1999 177,00 89 158,27 82 145,14 13,13
2000 299,79 89 268,07 82 245,83 22,24
2001 333,00 89 297,77 82 273,07 24,70
Dua tram nén
2002 390,36 89 349,05 82 320,09 28,96 dau Va? K_A
1011 vao van
hanh
2003 469,29 81 380,13 74 345,31 34,82
2004 451,00 81 365,31 74 331,85 33,46
2005 421,68 81 341,56 74 310,27 31,28
2006 428,05 81 346,72 74 314,97 31,76
2007 348,67 81 282,43 74 256,56 25,87
2008 318,90 81 258,31 74 234,65 23,66
2009 315,21 81 255,32 74 231,93 23,38
2010 296,63 81 240,27 74 218,27 22,01
201 302,73 81 245,21 74 222,75 22,46
2012 329,27 81 266,71 74 242,28 24,43
2013 369,35 81 299,17 74 271,77 27,40
2014 374,54 81 303,38 74 275,59 27,79
2015 331,55 87 288,45 80 263,85 24,60
2016 359,47 87 311,01 79 284,34 26,67
Duaduan
2017 333,86 88 293,25 80 268,48 gy CEpbukAE
am NCS1 vao
van hanh
Duaduan
nang cao
2018 294,83 89 262,09 81 240,22 21,87 hiéu sudt thu
hoi vao van
hanh
2019 247,03 91 223,71 83 205,38 18,33
Dua duan
2020 269,96 89 240,20 82 20,17 003 No2ga
doan 2 vao
van hanh
2021 279,88 89 249,65 82 228,89 20,76
2022 301,82 90 271,04 82 248,65 22,39
2023 301,98 9 270,61 82 248,20 22,40
2024 279,94 90 251,00 82 230,23 20,77
Tong LPG gia tang khi ap dung TE-JT so véi chi ap dung JT (nghin tan) 640
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tai Nha may XU ly khi Dinh C6, dong thdi c6 thé xem nhu
la m6 hinh tham chiéu cho cac nha may ché bién khi khac
trong hé thong PV GAS va Petrovietnam.

4. Hiéu qua khi ap dung céng nghé TE két hgp véi cong
nghéJT

Viéc trién khai cong nghé TE két hop gian n& Joule-
Thomson tai Nha may Xt ly khi Dinh C6 la mét budc tién
quan trong trong qua trinh hién dai hoa céng nghé ché
bién khi tai Viét Nam. Su két hgp nay khéng chi nang
cao hiéu qua thu héi hydrocarbon long nhu LPG va
condensate, ma con cdi thién dang ké hiéu suat ning
lugng va tinh 8n dinh van hanh toan hé théng.

Két qua clia viéc ap dung cong nghé TE-JT tai Nha
may XU ly khi Dinh C6 cho thay:

- Hiéu qua thu héi vugt troi: Hiéu suat tach propane
tang dang ké tur 68% lén 85%, giup gia ting thu hoi
khoang 640 nghin tan LPG (Bang 2) so vdi khi chi ap dung
cong nghé JT.

- Van hanh an toan va linh hoat: Hé théng van hanh
an toan, 6n dinh va dap Ung t6t véi cac bién dong &p suat,
luu lugng va thanh phan khi dau vao.

- Lam chd c6ng nghé: Viéc trién khai thanh cong t§
hgp TE - JT tai Nha may X ly khi Dinh C6 da chiéing minh
nang luc lam chi cong nghé cta doi nga ky thuat Viét
Nam trong linh vuc ché bién khi sau.

- Tinh kha thi va kha nang nhan rong: M6 hinh cong
nghé TE-JT tai Nha may X ly khi Dinh C6 dugc danh gia
kha thi vé mat ky thuat, hiéu qua van hanh va do tin cay
cao. Day la moé hinh phu hgp vai diéu kién khai thac khi tai
Viét Nam va c6 thé nhan rong cho cac nha may xu ly khi
khac nhu Nha may Xt ly khi Ca Mau hodc trong cac tuyén
khi c6 diéu kién tuang tu thudc cum khi Nam Con Son va
khu vuc Tay Nam B6.

- Nang cao chuéi gia tri khi: Viéc tiéu chudn héa mé
hinh nay khong chi gép phan nang cao gia tri sir dung khi
déng hanh ma con gia tang hiéu qua kinh té cho toan bo
chudi gia tri khi clia Petrovietnam va PV GAS.

5.Két luan

Viéc ting dung céng nghé turbine gian ng két hgp van
Joule-Thomson tai Nha may Xt ly khi Dinh C6 da mang lai
hiéu qua rd rét vé mat ky thuat va kinh té. Giai phap nay
cho phép lam lanh sau, ndng cao hiéu suat thu hoi cac cau
tlr c6 gia tri cao nhu LPG va condensate, déng thai dam
bao hé théng van hanh an toan, 6n dinh va linh hoat trudc

bién dong cua diéu kién cong nghé va nguén khi.

Su két hgp turbine gian nd véi van Joule-Thomson la
mot budc tién quan trong trong hién dai héa cong nghé
ché bién khi tai Viét Nam. Su két hgp nay la mét xu huéng
cdng nghé t6i uu hién nay, gidp nang cao hiéu suat nang
lugng, gidm tén that va chi phi van hanh.

Thanh céng ctia Nha may X& ly khi Dinh C6 khong chi
nang cao hiéu qua khai thac va stir dung khi dong hanh tu
mo Bach HE ma con dat nén tang ky thuat cho hé théng
céng trinh khi quéc gia. Day l1a minh chiing ré nét cho
nang lyc lam cht céng nghé cdia nganh céng nghiép khi
Viét Nam trong tién trinh hoi nhap va phat trién bén viing.
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A TECHNOLOGICAL SOLUTION COMBINING TURBO EXPANDER AND
JOULE-THOMGSON VALVE TO ENHANCE LPG RECOVERY EFFICIENCY AT
THE DINH CO GAS PROCESSING PLANT

Phan Tan Hau, Bui Cong Hung, Tran Dang San, Vo Phong Hai Bang, Bui Thanh Dung
Petrovietnam Gas Joint Stock Corporation (PV GAS)
Email: hung.bui2@ncsp.com.vn

Summary

This paper presents the application of alow-temperature hydrocarbon recovery system that combines a turbo expander (TE) with a Joule-
Thomson (JT) valve at the Dinh Co Gas Processing Plant. This is an advanced cryogenic cooling technology, widely applied in modern natural
gas processing plants, LNG complexes, and petrochemical facilities that require high liquid recovery efficiency.

The implementation at Dinh Co Gas Processing Plant demonstrates that the combined TE-JT system achieves significantly deeper gas
cooling compared to the JT valve-only configuration. As a result, propane (G) recovery efficiency has consistently exceeded 85%, contributing
to improved economic performance of the plant. The hybrid TE-JT solution not only proves its high practicality amid the volatility of energy
and LPG markets but also represents a substantial advancement in the modernization of Vietnam's gas processing technologies, aligning with
global trends toward energy efficiency improvement and emission reduction.

Key words: Dinh Co Gas Processing Plant, Joule-Thomson effect, low temperature separation, turbo expander.
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GIAI PHAP KY THUAT BE CUNG CAP PERMEATE GAS TU NHA MAY XU LY
KHI CA MAU CHO NHA MAY bAM CA MAU
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Tom tat

Tai Nha méy Xt Iy khi Ca Mau, cum thiét bi diéu chinh C02 san xudt khoang 140 kSm?/ngay permeate gas, trong d6 6 khoang 40 - 50
kSm?*/ngay dugc st dung lam khi nhién liéu ap sudt thap (Low Pressure Fuel Gas) cho cac thiét bi gia nhiét. Lugng permeate gas du thira
khodng 90 - 100 kSm*/ngay dugc xa bd va d6t tai dudc. DE thu héi va tan dung dugc lugng permeate gas du thita nay, nhom nghién ciu
da dé xuat giai phap khoa hoc cong nghé st dung gas ejector thu hdi va chuyén dong permeate gas nay sang Nha may Dam Ca Mau. Dong
khi sau thu héi dugc hoa tron véi natural gas, b6 sung lam nguyén liéu cho qud trinh sén xudt phan dam. Gidi phap nay gitip t6i uu viéc st
dung ngudn nqguyén nhién liéu, gia tang san lugng san xuat urea, giam phat thai khi nha kinh ra moi truong.

Tir khéa: Permeate gas, khi nhién liéu ap suat thap, PM3 Ca Mau, Nha may Xt Iy khi Ca Mau, Nha mdy Dam Ca Mau.

1. Gidi thiéu

Nha mdy XUt ly khi Ca Mau (GPP Ca Mau) c6 nhiém
vu thu héi san phdm 16ng c6 gia tri (LPG, condensate)
tur nguén khi PM3 Ca Mau. Khi sau khi thu héi l6ng (khi
thuong pham - sales gas) dugc dua dén Trung tam Phan
phdi khi Ca Mau (GDC) dé cdp cho cac ho tiéu thu ha
nguén géom Nha may Dién Ca Mau va Nha may Bam Ca
Mau. Do dic diém vé yéu cau chat lugng khi, dong sales
gas dau ra ciia Nha may Xu ly khi Ca Mau cap cho céc ho
tiéu thu ha nguén dién va dam phai dap Gng yéu cau vé
ham lugng CO:2 1a < 8% mol va c6 nhiét tri t6i thiéu 1a 37
MJ/Sm3. Tuy nhién, sau khi tach C, tu dong khi dau vao,
khi dau ra sé c6 ham lugng CO2 tang 1én va vugt so vai yéu
cau. Do d6, Nha may Xt ly khi Ca Mau thiét ké 1 cum thiét
bi diéu chinh CO2 dé dua ham lugng CO2 trong dong khi
dau ra nha may dap Ung tiéu chuan chat luogng cla céc
hgp déng mua ban khi ha nguén.

Cum diéu chinh CO2 clia Nha may Xt ly khi Ca Mau
st dung céng nghé mang tach CO2 (CO2 membrane
adjustment), trong dé cac khi c6 khd nang thdm thau
t6t qua mang la CO2 va mét phan CHs sé qua mang

Ngay nhdn bai: 3/6/2025
Ngay ddnh gid va sta chifa: 3/6 - 15/7/2025
Ngay duyét ddng: 15/7/2025

tach ra ngoai theo dong permeate gas. Cac thanh phan
hydrocarbon con lai c6 d6 thdm thau thap hon sé di theo
dong residue gas.

Dong permeate gas ¢c6 ham lugng CO2 cao (chiém
khoang 42%), con lai chli yéu la CHa (chiém khoang 55%)
vGi ap suat khodng 3 barg dugc thiét ké dung mét phan
lam nguén cung khi nhién liéu (fuel gas) thap ap cho Nha
may X ly khi Ca Mau [1].

Luu lugng permeate gas trung binh tach ra khoang
140 kSm3/ngay. Permeate gas dugc si dung lam nguén
khi nhién liéu thap ap cho Nha may Xt ly khi Ca Mau vé6i
khoang 40 - 50 kSm3/ngay. Lugng permeate gas con du
sé dugc dét tai flare vdi luu lugng khoang 90 - 100 kSm3/
ngay [1]. Trong khi d6, Nha may Dam Ca Mau van phai ldy
thém khi dung lam nhién liéu dé€ gia tang nguén khi tu
nhién (motive gas) cho viéc tao ra cac san pham phuc vu
qua trinh san xuat phan dam.

Do d6, viéc dua ra gidi phap tan dung ngudn
permeate gas du tai Nha may X& ly khi Ca Mau cap thém
cho Nha may Bam Ca Mau lam nhién liéu la yéu cau cap
thiét, gitp t6i uu hoda viéc st dung ngudn nguyén nhién
liéu, gia tdng sdn lugng urea, gidm phat thai khi nha kinh
ra moi trudng.
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2. Gidi phap cung cip permeate gas tir Nha may Xu ly
khi Ca Mau cho Nha may Pam Ca Mau

2.1. Phuong dn c6ng nghé thu héi permeate gas

Viéc dé xuat phuang an cong nghé sit dung permeate
gas tu Nha mdy X ly khi Ca Mau cho Nha may Bam Ca
Mau dugc thuc hién trén cg s& nghién ctiu cac di liéu sau:

- Tai liéu thiét k&, thong s6 ky thuat cla cac thiét bi
trong Nha may X ly khi Ca Mau va Nha may Bam Ca Mau.

- Séliéu vé nguodn khi, nhu ciu tiéu thu ctia hé thong
fuel gas ca 2 nha may.

Céc phuaong 4n cong nghé st dung permeate gas tu
Nha may XU ly khi Ca Mau cho Nha may Bam Ca Mau phai
dam bao:

- Céng suat thu hoi permeate gas cao nhat.

- Tan dung téi da ha tang ky thuat hién co clia cac hé
théng trong Nha may Xt ly khi Ca Mau va Nha may Dam
Ca Mau.

- Hé théng van hanh an toan, hiéu qua.

- Han ché anh hudng dén cac hé théng thiét bi chinh
clia 2 nha may.

Kha nang ti€p nhan clia permeate gas tai Nha may
Pam Ca Mau dugc danh gid nhu Bang 1.

Lo d6t tai Nha may Pam Ca Mau st dung nhién liéu
chinh la khi tu nhién, cling la dong sales gas dugc cap tu
Nha may X& ly khi Ca Mau. Khi chuyén dén Nha may Dam
Ca Mau, dong khi nay & trang thai ti€p nhan c6 ap suat 40
barg, nhiét d6 41°C va ham lugng CO2 khéng qua 8%mol.
Nhiét tri trung binh dong khi nay xap xi khoang 37,2 MJ/
Sm?, nam trong khodng yéu cau ti 26 - 39 MJ/Sm? cla
16 d6t, do dé dap tng du tiéu chudn dé cung cap cho 1o.
Trudc khi dua vao 10 st dung, dong sales gas sé dugc giam
ap xuéng 5 barg theo cdng nghé ctia Nha may Dam Ca
Mau. Trong khi d6, permeate gas du chira cac hydrocarbon
(CHa, CaHe...) c6 thé d6t chéy sinh nhiét nhu khi tu nhién,
nhung ham lugng CO:z lai rat cao, lén dén 40 - 55% mol,
[am cho nhiét trj clla permeate gas chi dat khodng 19 - 25
MJ/Sm3, khong du tiéu chuan dé cap cho 1o dét.

Tuy nhién, viéc phéi trén permeate gas véi khi tu
nhién dé dugc hén hop khi mdi, véi ty 1& phu hop, sé gitp
cai thién nhiét tri dat yéu cau khi cap cho 16 dét. Permeate
gas von la thanh phan dugc tach ra tir dong khi ty nhién,
nén viéc phdi trén permeate gas va khi tu nhién la hoan
toan tuong thich. Do vay, permeate gas dugc danh gid la
phu hop dé két hgp cling véi khi tu nhién lam nhién liéu
cho |6 d6t tai Nha may Dam Ca Mau.

Sau khi nghién ctu, ky su ctia 2 nha may da phéi hap
dé xudt cac phuong an phdi tron cho muc dich tan thu
nguén permeate gas, gom:

- L&p dat may nén tai Nha may X ly khi Ca Mau: dé
nang ap suat dong permeate gas I6n hon 5 barg; dong
permeate gas dau ra may nén sé dugc phai trén véi dong
khi tu nhién (lam nhién liéu) d€ tao thanh khi hén hop
trudc khi di vao hé théng cac dau dét tai lo dét.

- L3p dat gas ejector tai Nha may Dam Ca Mau: dé
phdi trén dong permeate gas vaSi dong khi tu nhién lam
nhién liéu hién cé. Trong dé dong dong luc (motive gas)
la dong khi tu nhién trudc khi qua hé théng van giam ap;
dong khi &p suat thap (suction gas) la dong permeate gas.

Trong 2 gidi phap dugc nghién ctdu (mdy nén va
ejector), gidi phap st dung ejector dugc lya chon vi cac
ly do sau:

- Vé mat ky thuat, giai phap ejector dam bao nhiét tri
khi hén hgp nam trong dai hoat ddng ctia dau dét, khéng
can cap bu khi ty nhién va khong anh hudng xau dén hoat
dong cla thiét bi. Ngoai ra, cdu hinh hé théng ejector don
gian hon va tiéu hao nang lugng thap hon so véi may nén.

- V& mat kinh té&, giai phap ejector co chi phi dau tu
va chi phi van hanh thap hon.

Phuong &n cling bao gém lap dat cac dudng éng va
cac van dé van chuyén permeate gas ti Nha may X ly
khi Ca Mau cung cdp cho Nha méay Dam Ca Mau. D& dam
bdo hoat ddng t&i uu va an toan, can diéu chinh lai hé s6
stoichiometric nham dam bao oxy du trong khoi |6 nam
trong khoadng an toan va t6i uu khi dét ngét mat nguén
permeate gas.

Bdng 1. Ddc tinh ngudn khi st dung cho o dét tai Nha mdy Dam Ca Mau va permeate gas [2]

Khi thién nhién
Nhiét dd (°C) 4
Ap suat (barg) 40
Nhiét tri (MJ/Sm?) 37,2
Thanh phan €0, (%mol) 8

Permeate gas Yéu cau khi cap cho o dot
40 N/a
3 5
19-25 26-39
40 - 55 N/a
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Dong ap thap

Voi phun

B6 khuéch tén

Dong ap cao Dongra
Hinh 2. Thiét bi gas ejector.
Bdng 2. Nhu cdu nhiét luigng va huu lugng khi cho ndi hai

Nhiét o Permeate gas Natural gas tai Nha may Pam Ca Mau

cé‘nliun c';g (3 barg, 43°C) (39,5 barg, 28°C) Total gas
@ ?a) P Luulugng  Nhiétlugng Luu lugng Nhiét lugng Pddura  Nhiétluong

9 khi (Sm¥/gio)  (G)/gio) khi (Sm*/gio) (6)/gi0) ejector (barg)  (G)/gid)

283,13 2450 48,35 6.961,9 234,78 5,02 283,13

Gas ejector la thiét bi tinh, hoat déng dua trén hiéu
tng Venturi cia 1 voi phun héi tu - phan ky dé chuyén doi
nang lugng ap sudt clia dong luu chat chuyén dong thanh
nang lugng van téc. Su chuyén ddi nay tao ramot ving ap
suat thap, ma tai d6 luu chat co ap suat thap bi cudn theo
dong luu chat cé ap sudt cao dang chuyén déng. N6i cach
khéc, gas ejector st dung nang lugng bén trong luu chat
c6 ap sudt cao dé cudn theo, hut va nén luu chat cé ap
suat thap hon d&n muc ap suat trung binh [2].

& day nguyén ly Bernoulli cling dugc ting dung trong
hoat d&ng clia gas ejector. Khi dong luu chat chuyén dong
divao 6ng phun véi ap luc Ién va ap suat tang, lam ap suat
cuc bd gidm dodt ngdt trong phan ¢6 thu hep cla thiét bi.
Néi cach khéc la ap suat tinh gidm khi ap suat dong tang.
Nh& vay, luu chat 4p suat thap sé bi hat vao va cuén theo
dong chuyén dong. Khi d6, dong chuyén déng va dong bi
cudn sé dugc hoa tron vao nhau. Cudi ciing hén hop hoa
tron sé dugc phun ra tai clia ra cta thiét bi.

Trong (Ung dung nay, & diéu kién van hanh binh
thudng ctua cum diéu chinh COz2 s dung membrane,
permeate gas dugc tao ra va luu trir trong binh chua
V-1486 & 4p suat van hanh 3 barg. Permeate gas nay vai
luu lugng phu hgp sé dugc van chuyén téi Nha méay Dam
Ca Mau théng qua hé théng dudng 6ng dan khi cling véi
hé théng cac van tay c6 lap, van diéu khién va van bdo vé
an toan. Tai Nha may Dam Ca Mau, thiét bi gas ejector sé
dugc 1ap dat va van hanh. Thiét bi nay sé hoat dong theo
nguyén ly nén khi béng khi dong luc & ap suat cao dé 16i
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cudn dong khi ¢ ap suat thap hon. Dong khi déng luc
dugc st dung cho phuaong an nay la dong khi tach ra tu
thiét bi tach khi tu nhién (natural gas separator) tai Nha
may Dam Ca Mau. Dong khi ap suat thap bi 16i cuén theo
chinh la dong permeate gas dugc dua tdi va chd sén trong
dudng 6ng mdi dan khi tir Nha may Xa ly khi Ca Mau. Thiét
bi ejector luc nay cling dong vai tro la noi phéi tron va
nang &p suat dong khi nhién liéu hoa tron 1én dén ap suat
yéu cau (khoang 5 barg) ctia hé thong 16 dét boiler [2, 3].

Hinh 3 m6 ta phuang an cong nghé st dung thiét bi
gas ejector dé thu héi va tin dung dong permeate gas du
cung cap cho Nha may bDam Ca Mau.

Cac thiét bi chinh st dung trong phuong an cong
nghé thu héi permeate gas bao gom:

- Gas ejector dé€ thu gom permeate gas st dung lam
nguén nhién liéu cho hé théng 16 dét boiler.

- Cacvan tay va SDV dé c6 1ap hé théng dudng 8ng,
thiét bi.

- Cacvan diéu khién dé diéu khién cong nghé.

- Cacvan PSV dé bdo vé hé théng khi qua ap.

Luu lugng permeate gas va motive gas sé dugc diéu
chinh dua theo théng sé dau vao clia 2 nguén khi di vao
thiét bi ejector dat tai Nha may Dam Ca Mau dé dong khi
dau ra thu dugc c6 ap suat I6n han 5 barg.

Nhu vay, luu lugng khi I6n nhat dugc dung dé tinh
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toan cho gas ejector la 2.450 Sm?/gi¢ déi vai permeate
gas va 6.961,9 Sm>/gi¢ d6i véi motive gas [3].

2.2, Tinh todn thiét ké thiét bj cong nghé
2.2.1. Cdc théng s6 ddu vao

D{r liéu dau vao phuc vu tinh toan thiét ké bao gém
luu lugng, thanh phan khi, nhiét do, ap suat khi tai Nha

may X ly khi Ca Mau va cac théng s6 yéu cau vé khi st
dung tai Nha may bam Ca Mau.

- Tinh chat nguén permeate gas

+ Thanh phan CO2: khoang 42% vol.

+ Thanh phan chinh con lai la CHa: khoang 55% vol.
+ Ap suit: khodng 3 barg.

+ T6ng luu lugng: ~140 kSm>/ngay.

+ Luu lugng st dung cho fuel gas: 40 - 50 kSm>/ngay.

+ Luu lugng cung cdp cho Nha may Pam Ca Mau: 90
- 100 kSm*/ngay.

Thanh phan khi nghéo (chua it hydrocarbon nang,
lean case) dugc dung dé mé phéng san luong khi thu
dugc. Thanh phan khi giau (chda nhiéu hydrocarbon
nang, rich case) dugc st dung dé tinh toan théng sé cho
cac thiét bi[1, 3.

- Céng suat hé théng cung cap permeate gas

Dua vao Bang 3, nguén permeate gas sé dugc danh
gid nhu sau:

+ Trudng hop t6i da (maximum case):

Véi trudng hop khi nghéo, luu lugng permeate gas
I&n nhat c6 thé cung cap 14 220.000 Sm3/ngay (theo SOW),
trong dé lugng cap cho hé théng fuel gas tai GPP la 40.000
Sm3/ngay nén lugng permeate gas c6 thé cip cho Nha
maéy Dam Ca Mau chi con 1 180.000 Sm>/ngay (7.500 Sm*/
gid®). Pay sé la luu lugng t6i da cho trudng hgp st dung
may nén.

+ Trudng hgp théng thudng (normal case):

Luu lugng thong thudng clia permeate gas la 140.000
Sm>*/ngay, trong d6 luu lugng st dung cho fuel gas la
40.000 Sm*/ngay, vi vay luu lugng permeate gas cung cap
cho Nha may Bam Ca Mau chi con lai 100.000 Sm*/ngay
(4.166,7 Sm*/gid).

+ Trudng hop t6i thiu (minimum case):

Trudng hop luu lugng thap nhat dugc xem xét bang
30% luu lugng trong trudng hgp t6i da (tuong duong
v&i muc luu lugng clia turndown case thong thudng clia
may nén khi).

Bang 3. Bdng ddc diém, thanh phdn permeate gas (theo SOW)

Gia tri
Lean case Rich case
Théng sé
Luu lugng (MMscmd) 0,22 0,06
Ap suét (min) (barg) 1,75
Ap sudt (normal) (barg) 2,77 2,70
Nhiét d6 (°C) Mn,13 ny
Khai lugng phan i (kg/kmol) 28,18 28,46
Khéi lugng riéng (kg/m?’) 4,0 4,1
Ap suat riéng phan cdia €0, (barg) 1,63 1,63
Thanh phan (% mol)
(o, 42,06 42,81
N, 1,16 0,79
(CH, 5511 54,00
GHs 1,67 2,39
GHg 0,01 0,01
i-C4Hqo 0,00 0,00
n—C4H10 0,00 0,00
i-GsHq, 0,00 0,00
n-GsHip 0,00 0,00
H,0 0,00 0,00
Nhiét tri LHV (MJ/m?) 19,831 19,734
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Vay nén luu lugng téi thiéu sé 1a 180.000 x 0,3 = 54.000 Sm*/ngay
(2.250 Sm*/qid).

Luu lugng trong céc trudng hop trén sé chi dugc dung dé tinh
toan cho phuong an s&r dung mdy nén khi. Cac phuong én st dung
gas ejector sé dua ra luu lugng (t6i da, t6i thi€u va théng thudng) phu
hap trong qué trinh mé phéng dé ddm bao ap suat dau ra cGa dong
permeate gas cap cho noi hoi dat yéu cau (5 barg) [3].

2.2.2. Tinh todn thiét bj ejector

Mét s6 gia thiét dugc sir dung dé xay dung mé hinh tinh toan [5, 6]:

+ M6 hinh 1 chiéu, dong chdy 6n dinh, doan nhiét. Chat luu di
vao va ra khoi gas ejector & trang thai bao hoa.

+ T6c d6 dong chat luu di vao 6ng phun va téc dé dong moi chat
ra khoi 6ng khuéch téan bang 0.

+ Qua trinh hoa tron 2 dong chat luu xay ra trong budng hoa
trén, bat dau tur vi tri diém “r” dén vi tri diém “ht”. Qua trinh hoa tron
nay dugc xem nhu xay ra tai 4p suat khéng déi (P, =P).

" n
r.

+ Dong bi cudn dat t6c d6 am thanh tai vi tri diém
+ Hiéu suat 6ng phun va hiéu suat 6ng huat dugc chon 13 0,9.

+ Hiéu suat qua trinh khuéch tan dugc chon la 0,8. Hiéu suat nay
bao gém ca qua trinh tang ap dét ngdt va qua trinh tang ap trong
6ng khuéch tan.

Ongphun  Buénghdt  Budng hoa tron Ong khuéch tén

\ \
Dong luu . L
dong

(P,T,m) N

Dong hoa tron

, (P, m,)
st Dong bi 16i cudn
p suat (le Tz' mz)
—l P
e ps
St
HH‘_\ e nt
“‘-._‘_"E\:; |_ tg
T h
_ —
Toc do 1 2 or ht s 3
/ r— Toc do

,,x// |_ am thanh
L= —— P

Vitri doc theo ejector

Hinh 4. Ciu hinh hé théng permeate gas ejector Idp ddt tai Nha mdy Dam Ca Mau.

Cac budc tinh toan thiét ké ejector duoc
trinh bay nhu sau [5, 6]:

Budc 1: Théng lugng khéi lugng dong luu
déng tai ¢ 6ng (diém “co”):

G _ Ceo _ /Z(hl_hco)_ 201 (h1—hco,de) (1)
co = = =

Vco Vco Vco

Trong dé:

hco’de = f(s1, P Enthalpy dang entropy cla
mai chat tai diém “co”;

s, h,:Lan lugt la entropy va enthalpy cta
mai chat tai diém 1;

h., ¢ V,: Lan lugt la enthalpy, téc d6 va
thé tich riéng clia dong 16i cudn tai “co”;

C

o’

61: Hiéu suat 6ng phun, chon 61 =0,9.

Ap suat moi chat tai 6 6ng P_ dugc lap
cho dén khi G__ dat gia tri cuc dai.

Budc 2: Thong lugng khoi lugng dong bi
cuén tai ctia ra (diém “r"):

G = car _ 2(hy—h2r) 202 (h2—har de) 2
2r — - -

Var V2r Var

Trong dé:

h,, 4 = f(s,, P): Enthalpy dang entropy cla
mai chat tai diém “r”;

s, h,: Lan lugt la entropy va enthalpy cta
méi chat tai diém 2;

h,, ¢,, v,: Lan lugt la enthalpy, t6c d6 va
thé tich riéng ctia dong bi cuén tai“r”;

8,: Hiéu suat éng hut, chon 6, =0,9.

Ap sudt tai ctra ra 6ng phun P_duoc lap
cho dén khi G, dat gia tri cuc dai.

Budc 3: Qua trinh hoa trén “ht” dugc tinh
toan dua trén cac phuong trinh bao toan khéi
lugng moment:

hiy + @hy = (1 + w)hye (3)
Cir + WCyr = (1 + W)y (4)
Trong dé:

h,, = f(s,, P): Enthalpy cGa dong luu dong
tai diém“r”;
c1r = +/2(h; — hp):T6Cc d6 dong luu dong

tai ctta phun;
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h
tron.

¢, Lan lugt la enthalpy, t6c dé cta dong hoa

Budc 4: T6¢c d6 cla dong hoa tron cé thé dugc tinh

2.2.3. Tinh todn FCV [3, 7]

Tinh toan lya chon FCV sé st dung C, (hang s6 van)
theo cac budc sau:

theo cong thic:
Budc 1: Lua chon phuong trinh thich hop:
Cne =y 2(hs — hp) = Jzekt(hS — hnede) (5) p
w = 7320FPCVP1Y M—Wle (12)
Trong dé:
. L . Trong dé:

h,. e = f(s,» P,): Enthalpy dang entropy cla dong hoa

trén; w: Luu lugng khi;

s, = f(h,, P, ): Entropy clia dong hoa trén;
h,, P.: Lan luot la enthalpy va ap suat tai diém 3;
8, Hiéu suat qua trinh khuéch tan, chon 6,=0,8.
Budc 5: Ty |é cudn cua ejector la ty s6 luu lugng khéi
luong gilta dong bi cudn va dong luu déng:
W =" (6)

Budc 6: Dudng kinh ¢6 8ng phun, clra ra 6ng phun va
dudng kinh than 6ng dugc tinh todn theo cac cong thic

F,: Hang s6 hinh hoc dudng éng;
C,: Hang s6 van;

Y: Hang s6 gian ng;

x: Ty & d6 giam ap;

P: Ap sudt tuyét d6i dau vao;

T,: Nhiét do tuyét doi dau vao;

M : Khoi lugng phén t;

Z: Hé s6 nén.

dudi day: Budc 2: Kiém tra dong tiét luu
_ [aag, ’4—m1 - Hang s6 nhiét dung:
dco - T - TGeo (7)
k
F = 2 (13)

_ [4A1r _ [4mqVyy

dyr = \/ T w, TC1r ®
- /ﬂ —  |AOnatma)vne

dpe = | = p— 9)

Trong d6: A, d lan lugt la tiét dién va duang kinh 6ng
tai diém dang xét.

Budc 7: Ty & dién tich 1a ty s6 gilia dién tich mat cat

Trong d6:

F.: Hang s6 nhiét dung;

k: Ty I& nhiét dung (k = 1,31 d&i v&i khi ty nhién).
- Ty s6 d6 giam ap vai ap suat tuyét déi dau vao:

_ AP

‘ ek P (14)
budéng hoa trén va dién tich mat cat co 6ng: .
Trong dé:
TLDT = 2ht — (@)2 (10) ?
co Meo x: Ty s6 d6 giam ap véi 4p suat tuyét déi dau vao;
_ GeoVht (my1+my) _ GeoVnt COVA 2 L.
TLDT = - X 1m1 Z = - X(1+w) (@11) AP = (P, - P.): D6 giam é&p;
Két qua tinh toan cho thiét bi ejector 1ap dat tai Nha P,: Ap suat dau vao;
may Dam Ca Mau dudgc trinh bay trong Bang 4 [3]. P,: Ap suét dau ra.
Bding 4. Két qud tinh todn ejector
A i o , Gia tri (6ng suat maximum Ap suat
T Thong sé tinh toan Dong (inch) (Sm¥/gid) (barg)
Butng kinh dng vao Motive gas 4 6.961,9 39,5
Duong kinh 6ng hat Permeate gas 6 2.450,0 3
3 Duang kinh ng phun Fuel gas cap cho boiler 8 9.411,9 5,12
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Budc 3: Tinh toan hang s6 gian ng

X

y=1- 3Fkxt (15)

Budc 4: Xac dinh hé sé nén

- Ap suat quy déi:

Trong do:

P: Ap sudt quy ddi;

P: Ap sudt dau vao;

P Ap suét tiéu chudn (667,4 psia).

- Nhiét d6 quy déi:

Trong dé:

T:Nhiét do quy déi;

T,: Nhiét d6 dau vao;

T.: Nhiét d6 tiéu chuan (342,8 R).
- TuP vaT, tinh hé sé nén Z.

Budc 5: Tinh C: St dung phuong trinh & Budc 1 dé
tinhtoan C, (gid st F, =1).

Budc 6: Lua chon kich thudc than van dua vao C. Tu
bang C, lua chon kich thugc van bé nhat ching sé dugc
tinh toan bang tay.

Budc 7: Tinh toan hang s6 hinh hoc dudng 6ng.
Budic 8: Két thuc tinh toan C,.

Budc 9: Tinh toan s6 Mach:

Qa
M(gas) = ——— 18
R (18)

Trong do6:

M: S6 Mach;

Q,: Luu lugng thuc;

A :Tiét dién dong st dung;

k: Hang s6 nhiét dung (k=1,31);

T: Nhiét do tuyét doi;
M, : Khoi lugng phén tur.

Budic 10: Tinh toén lai C, néu kich thudc than van thay
doi.

Két qua tinh toan cho cac van diéu khién FCV dugc
trinh bay trong Bang 5 [3].

2.2.4. Tinh todn PSV [3, 7]

Van an toan (PSV) sé dugc thiét ké, tinh toan dua theo
tiéu chuan API RP 520 va API 526 (Iua chon loai van).

Dién tich xa yéu cau qua thiét bi dugc xac dinh theo

cong thuc sau:
A=—W /Z (19)
CkgP1kpkc | My,

A: Dién tich xa yéu cau qua thiét bj;

Trong d6:

W: Luu lugng xa qua thiét bij;
C: Hang s6 dugc xac dinh tur hé s6 nhiét dung;

k,: Hé s6 xa hiéu dung, thudng st dung gid tri k, =
0,975;

P.: Ap suat x3;

1

k.: Hé s6 hiéu chinh do doi p, thudng sir dung gia tri

kb =1;

k : Hé s6 hiéu chinh khi st dung van an toan két hop
véi dia né an toan (rupture disk); khi khéng 13p rupture
disk thik_=1;

T: Nhiét d6 xa ctia khi;

Z: Hé s6 nén khi;

M, : Khoi lugng phén ti khi.

Dua vao cong thurc trén, tinh toan dugc bé mat x3,
A dap ung dugc luu lugng qua van an toan. Van an toan
dugc lua chon theo tiéu chuan API Std 526 phai c6 bé mat
xa hiéu dung I6n hon hodc bang bé mat xa (A) tinh toan
G trén.

Két qua tinh toan cho van bao vé an toan PSV dugc
trinh bay trong Bang 6 [3].

Bdng 5. Két qud tinh todn van FCV

o Luu lwgng maximum Kich thudc van - Kich thudc trudc/sau van
T Ténvan o . Gia tri Gy .
(kg/gio) (inch) : (inch)
1 41FV1011 2.888 4 171,47 6/6
2 41FV1010 5.361 2 10,47 4/4
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Bdng 6. Két qud tinh todn van PSV
. Luu lugng xa Luu Iu‘qng xa DI? n tiCh Dién tich Kich thuécvan
T Ténvan k /' id) maximum yéu cau lva chon (inch)
99 (kg/gid) (in?) (in?)
1 41PSV1011 2.888 4.169,03 0,892 1,287 23
Bding 7. Két qua tinh todn dudng vao/ra van PSV
m Tén duéng Mé ta Kich thudc lia chon
(inch)
4FG41007aBB1N Budng vao PSV 4
2 4FL41004aBB1N Dutng xa sau PSV 4
Bding 8. Két qud tinh todn duting dng cdp permeate gas
Dudng 6ng cap Pudng kinh Luulugng Nhiétdovao Apsuatvao Nhiétdora Apsuatra Vantécdong Tréluc
permeate gas tuf (inch)  (Sm*/gio) (°Q (barg) (°Q) (barg) (m/gidy)  (bard)
Nha may Xi ly khi
(a Mau sang Nha may 8 140.000 42,9 2,7 447 2,066 15,37 0,634
Pam (a Mau
Két qua tinh toan Iua chon kich thudc dudng vao va g \12 0,0833x4 29
dudng ra van PSV dugc trinh bay trong Bang 7 [3]. f=2x [(R_e) (cl+cz)1‘5] (22)
2.2.5. Tinh todn duding éng [3, 7] ) 16
Cl = {2,457[7’1 [Ts]} (23)
Theo tiéu chudn Norsok va ASME B31.8, kich thudc (7e)  +027xg
p o miA Lin A 16
ong dugc lua chon dua vao cac diéu kién sau day: C, = (37::0) (24)
- Van t6c I6n nhat cho phép trong 6ng khéng vugt
qua 100 ft/gidy (30,5 m/gidy) (tiéu chudn ASME B31.8). Re = Dxuﬂ (25)
- Ton that ap suat I16n nhat cho’ phép trong 100 m Trong dé:
ong khong vuot qud 27 kPa (tiéu chuan Norsok).
W: Luu lugng;

Cong thuc tinh toan cho dudng 6ng dugc st dung
nhu dudi day:

- Van t6c dong khi trong 6ng nhu sau:

_ 4xQ
V_7T><d2

Trong do:

V:Van téc dong khi trong 6ng;

d: Budng kinh trong clia 6ng;

Q: Luu lugng khi;

- Céng thic tinh t6n that ap suat:

Theo cong thuc cda Darcy (Engineering Data Book)
thi tén that ap sudt dugc tinh theo cong thiic sau:

W? (62.530x100xf
APygo = — (—ds )

(21)
p

vdi f la hé s6 ma sat.

- 54
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f: Hé s6 ma sat;

AP100: Tén that ap suat mbi 100 m dudng 6ng;
L: Chiéu dai 6ng;

Z: Hé s6 nén cla khi;

d: Budng kinh trong clia éng;

p: Khéi lugng riéng cda khi;

£: D6 nham cha vat liéu éng;

p: D6 nhét cua chat khi;

Re: Hé s6 Reynold.

Bang 8 thé hién két qua tinh todn mé phdéng dudng
6ng chinh cdp permeate gas tir Nha may Xt ly khi Ca Mau
sang Nha may Pam Ca Mau [8].
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2.3. Phuong dn dam bdo an toan

P& dam bao trién khai du &n mot cach an toan,
Téng cong ty KhiViét Nam (PV GAS) va Cong ty c6 phan
Phan bén Dau khi Ca Mau (PVCFC) da xay dung va thuc
hién déng thai nhiéu gidi phap nham kiém soat rai ro
va nang cao muc dé an toan trong toan bé qua trinh
thuc hién. Cu thé nhu sau:

- Tang cudng phéi hop gilia cac bén lién quan:
Ngay ti giai doan nghién ctu ban dau, 2 don vi da
thiét 1ap co ché trao d6i théng tin thudng xuyén, cap
nhat lién tuc vé tién do, thong s6 ky thuat va cac yéu
cau céng nghé. Viéc lua chon phuong an cong nghé
déu dugc thuc hién théng qua tham van va théng nhat
chung, dam bao tinh kha thi va an toan t6i da cho toan
hé théng.

- Danh giad rdi ro toan dién theo phuong phap
Phan tich méi nguy va kha nang van hanh (Hazard and
Operability Study - HAZOP): Mét trong nhiing hoat
déng trong yéu dugc thuc hién 1a té chiic danh gié an
toan van hanh theo phuong phap HAZOP cho toan bd
hé théng dudng 6ng dan khi tir Nha may Xt ly khi Ca
Mau dén Nha may Dam Ca Mau theo tai liéu ma s6 C-KL-
0150-WR-001. Qua trinh nay giip nhan dién sém cac
mai nguy tiém an, phan tich nguyén nhan - hau qua va
dua ra cac bién phap kiém soat thich hgp nham phong
ngla sy c6 va dam bao van hanh lién tug, an toan.

- Chay thrdong b6 toan hé théng: Hé théng dan
permeate gas tU Nha may X& ly khi Ca Mau sang Nha
mdy Dam Ca Mau da dugc dua vao chay thir an toan,
phu hgp véi cac kich ban mé phdng trong giai doan
thiét ké.

Théng qua viéc ap dung cac bién phap ky thuat
va t6 chiic néu trén, du an khoéng chi dap tng cac tiéu
chuén an toan clia nganh diu khi ma con dadm bao tién
do trién khai, gép phan vao hiéu qua hoat déng chung
clia ca 2 don vi.

3. Phuong an bé tri thiét bi va duéng ng [3]
3.1. Vi tri cdc diém ddu néi Tie-in

Permeate gas sé dugc ldy sau binh tach khi nhién
lieu thap ap (low pressure fuel gas) dé gidm téi thiéu
anh hudng téi thiét bi mang loc (membrane skid), vi tri
lay permeate gas nhu Hinh 5.

3.2, Vi tri cdc diém ddu néi phu trg (nhém Instrument)

Hinh 6 thé hién st dung cable tray/ladder hién c6
cho tuyén cable vé phong diéu khién.

I ~I| o ,;?

Vitrildy '
Permeategas  [Sg

Hinh 5. Vi tri Idy permeate gas.

|y '
vaxIT—L
- = =\ | e
: = \
S\ w
(able tray/
/ ladder hién 6
3 il
Cable'tr-ay/ o
ladder hién c6 Ef

4 L Cable tray/ oy
B ladder hién c6

e ¥ . .

Hinh 6. Cable tray/ladder hién cd duigc st dung cho tuyén cable vé phong diéu khién.
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Hinh 7 thé hién vi tri ngudn cdp instrument air.
Instrument air cung cap cho cac shutdown valve, control
valve sé dugc cap tur cac dau chd du phong hién co.

Cac thong s6 chinh clia hé thong thiét bi cong
nghé dugc lya chon t6i uu theo Bang 9.

4. Panh gia hiéu qua cha giadi phap
4.1. Hiéu qud kinh té

Dua trén sé liéu san luong, nhiét tri khi, gia khi
mua/ban, chi phi van hanh va bao dudng stia ch(ra, chi
phi khau hao va ty gia tr nam 2019 - 2025, gia tri lam Igi
cla gidi phap dugc tinh toan nhu Bang 10.

4.2. Hiéu qua méi truong

Bén canh nhiing lgiich ro rét vé mat kinh té nhu tan
dung nguén khi sén cé, gidm chi phi nhién liéu dau vao
va t6i uu héa hiéu suat van hanh, giai phap thu hoi va
st dung permeate gas coOn mang lai gia tri I6n vé mat
mai trudng gém:

- Giam phat thai khi nha kinh: Thay vi dét bo,
luong permeate gas dugc tan dung lam nhién liéu dau

vao cho Nha may Dam Ca Mau. Theo tinh toan, diéu nay gitp
giam khoang 42.280 tan CO, tuong duong mébi nam - gép
phan dang ké vao muc tiéu gidm phat thai cia nganh dau
khi (Bang 11).

- Phu hgp dinh hudng phét trién bén viing: Giai phap
nay la minh ching ré rang cho dinh hudng phat trién kinh té
xanh, tuan hoan va giam phat thai carbon trong chudi san

Vitri dau chg
Instrument Air

Hinh 7. Vi tri ngudn cdp instrument air.

Bdng 9. (dc tham sd chinh ctia hé thong cong nghé dugc lua chon

STT Tham sd chinh Don vi 56 lugng Két qua tinh toan so bd cho thiét bi
- (ong suat: 2.450 Sm*/gi¢
. N - Ong vao: 4 inch

1 Ejector Gi 1 - Gng hit: 6 inch
- Ong phun: 8inch
- 1van kich thuéc 4 inch

2 Fv Van 2 - 1 van kich thuéc 2 inch

3 pSV Van 1 Size 2)3
- 1van ddt tai Nha mdy X Iy khi Ca Mau

4| Van 3 -2 van dt tai Nha mdy Bam Ca Mau

5 Permeate gas Dong 1 Luu lugng 2.450 Sm*/giG

6 Khi tu nhién tai Nha mdy Dam Ca Mau Dong 1 Luu luong 6.961,9 Sm*/gic

7 Thiét bi do luu lugng Cum 1 Dat tai Nha méy X( Iy khi Ca Mau

8  Duongdng Pudng dng 1 8 inch, Iap trén piperack 6 san

Bdng 10. Hiéu qud kinh t€ cia gidi phdp cung cdp permeate gas cho Nha mdy Bam (a Mau

2019 2020
Lu’qn? pfe\rmeate gas cung cap 19.264 23,446
(kSm?/gi6)
Gia tri lam lgi cho PV GAS (ty dong) 13,1 17,6
Gid tri lam lgi cho PVCFC (ty dong)” 28,0 22,6
Gia tri lam lgi cho PVN (ty dong) M, 40,2

(1) Tirthdng 3 dén thdng 12 ndm 2019; (2) Trong 6 thdng ddu ndm 2025;

2021 2022 2023 2024 20259
18.480 18.355 19.964 12.933 2473
9,1 73 11,9 7,8 14
354 31,8 47,9 31,8 6,5
44,5 39,1 59,8 39,6 7.9

(3) Gid tri lam lgi cda PVCFC udc tinh bdng gid tri lugng khi ddu vao tiét gidm trir di chi phi mua permeate gas.
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Bding 11. Hiéu qud méi truong cla gidi phdp thu hdi va st dung permeate gas

Chisoé
Luu lugng permeate gas cung cap cho PVCFC
Hé s6 quy doi giira khi nhién liéu va €0, (1)
Luu lugng €O, sau khi dot
Khéi lugng €O, tén dung

(1) Hé s&' quy ddi gitia khi nhién liéu va (02 duotc tinh nhu sau:

Don vi Gia tri
kSm?/ndm 22.200
1,0193

kSm?/ndm 22.628
tan 42.280

Bdng 12. Hg s6 quy ddi giita khi nhién liéu va (02

Thanh phan %mol
N, 1,07
0, 37,40
G 58,57
G 292
G 0,04
Tong 100

xuat cdng nghiép. Day ciing la budc di cu thé thé hién
trdch nhiém xa hoi va méi trudng cla cac don vi trong
nganh dau khi.

5. Két ludn

Gidi phap s dung gas ejector dé thu héi va van
chuyén dong permeate gas tir Nha may x{ ly khi Ca Mau
sang Nha mdy Pam Ca Mau da dugc ching minh tinh
hiéu qua r6 rét vé ky thuat, kinh t€ va méi trudng. Thiét
bi ejector cho phép 16i cuén dong permeate gas ap suat
thap (khodng 3 barg) bang dong khi tu nhién ap suat cao
(~39,5 barg) dé tao ra dong khi hén hgp dap tng yéu cau
van hanh 16 d6t (= 5 barg) ma khéng can st dung may
nén. Nh& dé, toan b lugng permeate gas du thua tuong
duong 90 - 100 kSm>/ngay trudc day phai dét bé da dugc
tan dung hiéu qua.

Vé mat kinh té, viéc thay thé mét phan khi tu nhién
bang permeate gas da mang lai hiéu qua kinh té dang
ké. Trong giai doan 2019 - 2024, hé théng cung cap téng
lugng permeate gas la 106.142 kSm?>, téng gia tri lam lgi
cho PV GAS 66,8 ty déng va 197,5 ty déng cho PVCFC.
Téng gia tri mang lai cho PVN dat 264,3 ty déng thé hién
tinh bén viing cla gidi phap trong t6i uu ngudn nang
lugng dau vao.

Vé méi trudng, viéc tan dung permeate gas thay
vi dét flare gép phan gidm dang k& phat thai khi
nha kinh. Véi lugng permeate gas cung cap khoang
22.200 kSm*/ndm, hé s6 quy d6i gitta khi nhién liéu
va CO, la 1,0193, tan dung 42.280 tan CO, mbi nam.
Téng thé, gidi phap thu héi permeate gas st dung gas

Hésd C Quy ddi €0, sau phan ing chay
0 0
1 37,40
1 58,57
2 5,84
3 0,12
101,93

ejector la phuong an ky thuat hiéu qua, kinh t€ va than
thién moi trudng. Day la mé hinh ¢é tinh thuc tién cao,
phu hgp dé nhan rong tai cdc nha may x{ ly khi c6 dong
khi permeate tuong tu nham nang cao hiéu qua st dung
tai nguyén va giam phat thai trong toan chuéi gia tri khi
- dam.
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TECHNICAL SOLUTION FOR SUPPLYING PERMEATE GAS FROM CA MAU
GAS PROCESSING PLANT TO CA MAU FERTILIZER PLANT

Dang Duc Thuyet, Le Xuan Thang, Duong Xuan Thao, Tran Huy Thuc, Nguyen Hong Quang, Mai Vu Hoang, Nguyen Ho Cam
Petrovietnam Gas Joint Stock Corporation (PV GAS)
Email: thuyet.dd@pvgas.com.vn

Summary

At Ca Mau Gas Processing Plant, the (02 adjustment skid produces approximately 140 kSm?/day of permeate gas, of which 40 - 50 kSm?/
day is consumed as low-pressure fuel gas for heating systems. The remaining permeate gas of 90 - 100 kSm?/day is discharged to the flare,
where it is burned along with gases associated with the processing. In order to recover and utilize the whole of permeate gas, the research
team proposed a technological solution using a gas ejector to transfer the permeate gas to Ca Mau Fertilizer Plant. The recovered gas is then
blended with natural gas and used as feedstock for urea production. This solution demonstrates the efficient utilization of permeate gas,
optimizes the use of fuel sources and reduces greenhouse gas emissions.

Key words: Permeate gas, gas recovery and utilization, gas ejector, Ca Mau Gas Processing Plant, Ca Mau Fertilizer Plant.
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KHOA HOC. CONG NGHE VA 801 MOI SANG TAD PETRI’/I,ETNAM

NGHIEN CUU MO PHONG QUA TRINH CHUYEN POI AMINE NHAM NANG
CAO HIEU QUA CHE BIEN DAU THO CO HAM LUONG LUU HUYNH CAO

TAI NHA MAY LOC DAU DUNG QUAT

Mai Tuan Dat, Tran Hai Ninh, Truong Van Tuyén, Nguyén Thi Thanh Yén

(6ng ty C6 phan Loc hda dau Binh Son (BSR)
Email: yenntt@bsr.com.vn
https://doi.org/10.47800/PV51.2025.04-06

Tom tat

Theo thiét ké, amine diethanolamine (DEA) dugc sir dung tai Phan xugng tai sinh amine (ARU) ctia Nha mdy Loc dau Dung Quat dé
hap thu khi chua sinh ra trong qua trinh ché bién cac loai dau thd ngot va nhe. Tuy nhién, trong nhiing nam gan déy, nhu cau ché bién cac
loai dau thd ngoai nhap ¢6 ham lugng luu huynh cao ngay cang tang, dan dén gia tang lugng khi chua can xi ly. Su thay doi nay doi hoi
phai tim kiém va st dung cac loai amine tién tién hon nham nang cao hiéu suat hap thu khi chua trong cac dong khi dot va LPG, dong thoi
t0i uu hiéu qua hoat dong cho phan xudng thu hoi luu huynh (SRU) & khau sau.

Bai bdo qidi thiéu két qua nghién ciiu md phdng qua trinh chuyén doi amine tir diethanolamine thanh N-methyldiethanolamine
(MDEA) tai phan xudng ARU st dung phan mém chuyén dung PROMAX nham danh gia anh hudng clia viéc thay thé amine dén hé thong

cong ngheé hién .

Turkhoa: ARU, DEA, MDEA, PROMAX, dau tho chifa luu huynh cao, Nha mdy Loc dau Dung Quét.

1. Giéi thiéu

Nha may Loc dau Dung Quat dugc thiét ké dé ché bién
100% dau ngot Bach H6 hodc hén hap 85% dau Bach HE
va 15% dau chua Dubai. Dya trén tinh chat nguén nguyén
lieu ngot, nhe, c6 ham lugng luu huynh thap, DEA dugc st
dung tai Phan xudng ARU dé hap thu khi chua cé trong
cac dong khi tir Phan xudng RFCC (Residue Fluid Catalytic
Cracking Unit) va LCO HDT (Light Cycle Oil Hydrotreater
Unit). Tuy nhién, trudc nguy co nguén dau thé mo Bach
HS sut gidm san luong nghiém trong theo thdi gian, nha
may da chu dong danh gia va dua vao ché bién nhiéu
chung loai dau tho ngoai nhap, trong dé da sé c6 ham
lugng luu huynh cao. Hinh 1 mé ta su thay déi ctia ham
lugng luu huynh trong dau thé ché bién & giai doan 2010
- 2024, cho thdy ti ndm 2015, tinh chat dau tho thay déi
theo hudng ham lugng luu huynh trong dau ngay cang
tang. Diéu nay dan dén tang tiéu thu nang lugng, phu trg,
héa phdm xuc tac va nguy cg an mon hé théng may méc
&

A Ngay nhan bai: 12/3/2025.

Ngay phan bién ddnh gid va sta chifa: 13/3 - 2/4/2025.
Ngay bai bdo dugc duyét ddng: 2/4/2025.

thiét bi. Nghién ctru chuyén d6i DEA tai Phan xuéng ARU
sang loai amine khac tién tién hon la moét trong cac giai
phap dugc dé xuat thuc hién nham nang cao hiéu qua xa
ly luu huynh va tiét kiém chi phi van hanh.

Trong cac nghién ctiu dugc cdng b, cadc amine bac 1
va bac 2, chdng han nhu MEA va DEA, ¢6 téc d6 phan ting
cao d6i véi H,S va CO,. Ngugc lai, amine bac 3, dién hinh 13
MDEA, c6 t6c¢ d6 phan ing chdm hon nhung thé hién kha
nang chon loc cao déi véi khi H,S. Hién nay, MDEA dugc
st dung réng réi tai cac nha may loc dau trén toan thé gidi
dé xtt ly khi chua sinh ra tir qué trinh ché bién ddu mé nhd
cac uu diém nédi bat nhu: kha nang hap thu cé chon loc
H,S, nhu cau nang lugng thap cho qua trinh téi sinh, d6
én dinh nhiét cao va tinh gay an mon thap hon so véi cac
amine bac 1 va bac 2. Tai Viét Nam, Nha may Loc dau Nghi
Son cling da s&r dung MDEA trong xt ly khi chua sinh ra tur
qua trinh ché bién dau th6 nhap tir Kuwait, von c6 ham
lugng luu huynh cao dén 2,52% khai lugng.

Dua trén kinh nghiém ctia cdc nha may loc dau trén
thé gidi, Nha may Loc dau Dung Quat da danh gia sy anh
huéng cla viéc chuyén d6i amine tir DEA thanh MDEA
dén hé théng cong nghé hién cé trén phan mém mé
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Hinh 1. Ham luong luu huynh trong ddu thé ché bién tai Nha mdy Loc ddu Dung Qudt giai doan 2010 - 2024.

Bdng 1. Luu lugng amine cdn st dung d€ hdp thu khi chua tir cdc dong cong nghé

T Dong cong nghé
1 Khi chua tir RFCC
2 LPG tir RFCC
3 Khi chua ttr LCO HDT

Tong cdng

phong chuyén dung PROMAX trong trudng hgp ché bién
hén hop dau thé c6 ham lugng luu huynh cao. Tl d6 xay
dung co s& di liéu nham hé trg viéc téi uu hoa quy trinh
xU ly khi chua khi thay d&i nguén nguyén liéu dau thé va
héa chat amine trén thuc té van hanh.

2. Téng quan céng nghé xi ly khi chua bang amine tai
Nha may Loc dau Dung Quit

Theo thiét k&, amine dugc st dung tai phan xudng
ARU ctia Nha may Loc dau Dung Quat dé hap thu khi H,S
va CO, la DEA véi néng d6 khoang 20% khoi lugng pha véi
nudc khit khoang. Luu lugng amine can st dung dé hap
thu khi chua dugc sinh ra ti qua trinh ché bién dau ngot
Bach H8 va hén hop dau Bach H8 va dau chua dugc trinh
bay trong Bang 1.

Qua trinh xt ly khi chua bao gém 2 giai doan chinh:
hép thu khi chua tai cac thap T-1555, T-1556, T-2402 va tai
sinh amine tai thap T-1901. So d6 qua trinh xr ly khi H,S
va CO, trong cac dong céng nghé dugc mo ta nhu trong
Hinh 2.

Qua trinh hdp thu khi H.S va CO,: Amine téi sinh
tu thap T-1901 va amine mdi tir TK-1901 sé dugc bom
P-1901A/B dua dén céac thap bao gom thap hap thu khi
chuaT-1555, thap hap thu khi héa long (LPG) chua T-1556
tai Phan xudng RFCC va thap hép thu khi chua T-2402 tai
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Luu lugng amine (kg/gic)

Dau Bach Hé Hon hop dau Bach Ho va dau chua
21.582 52.593
34.477 34.858
11.064 22.650
67.123 110.101

Phan xuéng LCO HDT. Tai day, khi H,S va CO, trong cac
dong cong nghé sé dugc amine hap thu nham dam bao
chat lugng khi d6t va LPG sau x{ ly dat yéu cau theo quy
dinh nhu trong Bang 2.

Cac loai khi chua di vao cac thap hap thu theo chiéu
tur dugi 1én. Dong amine sach dugc bom tir trén xudng va
ti€p xdc véi khi H,S va CO, ¢6 trong khi chua. Tir d6, dién
ra cac phan ung hda hoc nhu sau:

- Phan tng thay phan H_S va amine:

H,S +H,0 ¢ H,0" +HS (1)
RNH +H,0 < RNH, + OH- 2)

- Tiép do cation R,NH,* sé két hop véi anion HS- dé
tao thanh mudi cta acid yéu va bazo yéu:

R,NH,’ + HS < R ,NH,SH (3)

- Déi véi qué trinh hap thu khi CO, clng tuong ty,
CO, tac dung véi nudc tao thanh acid H,CO, va amine sé
tac dung véi H,CO, thanh cac hgp chat mudi:

€O, + H,0 & H,C0, @)
2R,NH + H,CO, < (R,NH,),CO, (5)
R,NH + H,CO, < (R,NH,)HCO, (6)

- Ngoai ra DEA c6 thé phan ting truc tiép véi CO, dé
tao thanh hgp chat carbamate:
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2R,NH + €0, < R,NCOONH,R, (7)

Dong amine sau khi hap thu khi chua chia cac hop
chat muéi sé dugc dua dén Phan xudng thu héi amine dé
loai bd H_S va CO, nham khoi phuc hoat tinh ctia amine.

Qua trinh téi sinh amine: Cac amine tU phan xuéng
RFCC va LCO HDT dugc thu gom va cho qua thiét bi tach
nhanh D-1901 dé tach khi hydrocarbon con sét lai cuén
theo amine trong qua trinh hap thu. Sau do6, amine dugc
dua qua thiét bj gia nhiét dé tang nhiét trudc khi vao thap
tai sinh T-1901, noi H_S va CO, sé dugc tach khoi dung dich
DEA. B6 diéu khién muic cia D-1901 sé diéu chinh téc do
dong chady ctia dong cap vao T-1901. Thap T-1901 dugc

duy tri van hanh véi ty & héi luu hoan toan dé loai bo H,S
va CO,. Qua trinh téi sinh la qua trinh thuc hién & nhiét
d6 cao, nhiét cung cap cho thap hap thu dugc thuc hién
bang cach st dung hai nudc dun séi & day thap.

Khi thoat ra ti thap hdp thu sé dugc lam mat va dua
vé phan xudng thu hoi luu huynh SRU. Dong amine sau
khi tai sinh dugc dua tuan hoan tré lai cac thap hap thu.
Trong qua trinh hap thuy, lugng amine bi that thoat sé lam
gidm néng d6 amine s dung trong hé théng. D& duy tri
néng dé amine & 20% khai lugng, mét lugng amine sach
tU thap TK-1901 dugc b sung vao hé théng.

Bdng 2. Tiéu chudn cdc sdn phdm sau xit Iy amine cia Nha mdy Loc ddu Dung Qudt

T Tén san pham Yéu cau
Ham lugng H,S (ppm wt) Ham lugng C;+ (% mol)
1 Khi d6t sau x Iy tir T-1555 <50
2 LPG sau x{ Iy turT-1556 <24
3 Khi @6t sau x Iy tir T-2402 <50
4 Khi chua tur thap tdi sinh amine <0,15

v

Khi chua dén SRU

Amine bao hoa

T-1901
Thép tai
sinh
amine

> Khidot daxirly

T-1555
Thép

hép thu
khi chua
tur
RFCC

Khi chua

—»  LPGdaxily

ﬂ

Hai nudc P-1901A/B

A
Amine tdi sinh

Amine b sung

Khi hydrocarbon

D-1901

Amine sach

LPG chua

> Khi dot da xirly

T-2402
Thap hdp
thu khi
chua tur
LCO
Khi chua HDT

Thiét Amine bdo hoa

bi tdch nhanh

Hinh 2. Qud trinh hdp thu khi chua tai Nha mdy Loc ddu Dung Qudt.

DAU KHi - SO 4/2025 61




=

>

<

il

610 LA 1 SAN, KIEN TAD NANG LUONG QUGE 1A KH“A Hﬂ[: [mm} NGHE

3. Nghién ctiu lua chon amine thay thé DEA tai Phan
xuéng ARU

Theo danh gi4, su gia tang ham lugng luu huynh
trong nguén nguyén liéu gay ra mét s6 anh huéng dén hé
théng xt ly khi chua hién cé ctia Nha may Loc dau Dung
Quaét, cu thé nhu: lugng khi chua hdp thu trong dong
amine bao hoa tang cao dan dén tang luu lugng khi chua
di ra ti thap tai sinh amine sang phan xuéng thu haéi luu
huynh SRU, theo d9, sé vuot qua cong suat x ly cia phan
xuéng nay. DEA hap thu déng thai ca HzS va COz2 dan dén
giam hiéu suat hap thu dai véi H2S khi ham lugng khi nay
trong hén hop khi chua tang cao. Do d6, dé ting kha nang
tach H:S ra khoi khi nhién liéu va LPG can tang thém luu
lugng amine sach tuan hoan dén cac thap hap thu dan
dén tang thém chi phi cho hoa chat va nang lugng. Tu
nhing nguyén nhan trén, nghién ctiu lya chon loai amine
mdi, c6 dac tinh hap thu chon loc hon véi HaS la can thiét
nham nang cao hiéu qua x& ly ham lugng luu huynh cao
c6 trong khi chua.

Amine dugc phan loai theo s6 nhom hitu co lién két
vGi nguyén tl nitrogen trung tam, gém amine bac 1, bac
2 hoac bac 3. Amine bac 1 tao thanh cac baze manh hon
bac 2, trong khiamine bac 2 tao thanh cac bazo manh hon
amine bac 3. Amine cé tinh chat bazo cang manh thi kha
nang phan ung véi khi CO2 va H2S cang cao va tao thanh
cac lién két héa hoc bén hon.

Trong cac dung dich amine dugc si dung phé
bién d& hap thu khi chua, monoethanolamine (MEA),
diethanolamine (DEA) va methyldiethanolamine (MDEA)
la 3 loai dai dién véi dac tinh va hiéu qua hap thu khac
nhau, cé cdu tric phan ti nhu Hinh 3. MEA la amine bac 1
¢6 kha nang phan Ung nhanh véi khi CO, va H,S, hiéu suat
hép thu cao d6i vai cac dong khi cé néng do khi chua thap,
déng thai cho d6 tinh khiét khi sau xU ly t6t. Tuy nhién,
MEA c6 nhugc diém la tinh &n mon cao va muc tiéu hao
nang lugng Ién trong qua trinh tai sinh dung dich. DEA la
amine bac 2 c6 t6c d6 phan tiing cham hon MEA nhung dé
6n dinh héa hoc tét hon va it gay an mon hon. DEA thich
hagp st dung cho cac hé thong xu Iy khi cé néng dé CO, va

H,S trung binh, véi khé nang tai sinh dé dang va tudi tho
dung dich dai hon. Trong khi d6, MDEA la loai amine bac
3 ¢6 uu diém néi bat vé tinh chon loc hap thu H,S cao hon
so vai CO,, gitp gidm thiéu hao phi nang lugng khi tach
CO,. T6c d6 phan ung ctia MDEA vai CO, cham han nhiéu
so v&i MEA va DEA do cdu trdc phan ti MDEA khéng co
nguyén ti hydrogen gan vao nitrogen, nén khéng phan
Ung truc tiép véi CO2 nhu amine bac 1 va bac 2 dé tao
muoi carbamate. Ngoai ra, MDEA ¢ d6 bén nhiét va héa
hoc tét, it an mon thiét bj, thich hgp cho cac hé théng xur
ly khi c6 nong dé khi chua cao va yéu cau giam tai CO,
trong dong off-gas vé phan xudng thu héi luu huynh.

Bén canh d6, n6bng dé amine la mét trong nhiing yéu
t6 quan trong quyét dinh hiéu suat hap thu khi chua trong
qua trinh xt ly khi. Viéc ting néng dé amine trong dung
dich hap thu thudng lam tang kha nang hoa tan va phan
Ung hda hoc gitta amine véi khi chua, tir 86 ndng cao hiéu
suat tach khi. Tuy nhién, khi ndbng dé amine vugt qua muic
t6i uu, d6 nhét clia dung dich tang 1én dang ké, lam gidm
téc d6 khuéch tan khi va tang chi phi bom tuan hoan.
Dong thai, ndbng d6 amine qua cao ciing lam tang nguy
€ an mon thiét bi va tiéu hao hoéa chat, dan dén chi phi
van hanh cao hon. Cac nghién ctu thuc nghiém cho thay,
néng dd amine t6i uu phu thudc vao loai amine st dung.
Déi véi MEA, ndng dé thich hgp thudng dao dong tir 15 -
25% khéi lugng; d6i véi DEA khodng 25 - 35% khai lugng
va d6i v6i MDEA thuéng la 30 - 50% khéi lugng.

MDEA thuéng dugc st dung véi néng dé cao han so
vé&i cac amine nhu MEA va DEA do cac dac tinh hoéa ly dac
biét. Th& nhat, MDEA la amine bac 3, c6 d6 bén nhiét va
hda hoc cao han, it xdy ra cdc phan Ung phan hudy nhiét
hodc tao mudi an mon khi hoat déng 6 néng dé cao. Thi
hai, dung dich MDEA c6 d6 nhét thap han so véi dung
dich DEA & cing ndng d9, gitp duy tri kha nang luu thong
t6t trong hé théng va gidm tiéu ton nang lugng bam. Thit
ba, MDEA ¢6 tinh chon loc cao d6i véi H,S so véi CO,, do
d06 viéc stt dung ndng dé cao giup tang kha nang hap thu
H,S ma khéng lam gia tang qua mic sy hap thu CO,, tir d6
t6i uu hda qua trinh tach khi chua va gidam chi phi tai sinh.

OH

O V\ H
NH, " \/\ |
OH o

HO\/\N/\/OH

3

MEA DEA

MDEA

Hinh 3. Cdu triic phdn tir cdc hop chdt amine tiéu biéu.
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Chinh nhiing uu diém nay khién MDEA trg thanh Iya chon
phu hgp cho hé théng x{ ly khi chua sinh ra tir qua trinh
ché bién dau thé c6 ham lugng luu huynh cao, déng thoi
g6p phan tiét kiem nang luong va kéo dai tudi tho thiét bi.

4. Nghién ctru mé phéng qua trinh thay thé amine mgi
tai Phan xuéng ARU khi ché bién dau thé c¢6 ham luong
luu huynh cao

Viéc danh gia hiéu quéa cla qué trinh chuyén déi
amine tai Phan xuéng ARU Nha may Loc dau Dung Quat
dugc tién hanh trén phan mém mé phong PROMAX, c6
cac nguyén ly hoat déng nhu sau:

- M6 hinh hoa quy trinh va mé phong so dé cong
nghé: Nguai dung xay dung so d6 cong nghé phan xuéng
ARU trén phan mém bang cach lya chon va két néi hoat
déng clia cac thiét bi (vi du: bd tach, bd trao déi nhiét,
thap hap thu, may bom...). Dong thai nhap s6 liéu dau
vao cho cac dong cong nghé nhu ap suat, nhiét do, toc do
dong chay va thanh phan. PROMAX s& hiiu thu vién 16n
voi day da cac théng tin vé thanh phan va tinh chat héa
hoc clia hydrocarbon, nuéc, khi acid va dung méi amine.

- M6 phéng qua trinh nhiét dong luc hoc: PROMAX
ap dung cdc mé hinh phuong trinh trang thai (vi du: Peng-
Robinson) va cdc mé hinh hoat déng khac dé du doan
chinh xac can bang hai - 16ng va cac dac tinh ctia cac dong
vat chat. Chuong trinh nay déc biét tién tién trong viec mo
hinh hoéa cac phén ting dién ly va can bang hoa hoc trong
dung dich amine.

- Can bang khéi lugng va nang lugng: PROMAX gidi
cac phuong trinh can bang vat chat va nang lugng trong
toan bo qua trinh xt ly khi dé tinh toan luu lugng, thanh
phan, nhiét do, 4p suat, hiéu suat st dung nhiét va tach
pha clia cac dong cong nghé va hé théng thiét bi.

- Mb& hinh héa qua trinh &n mon: PROMAX tich hop
cac m6 hinh 3n mon phdé bién nhu:

+ M6 hinh an mon CO,: Danh gia téc d6 an mon thép
carbon khi c6 su hién dién clia CO, dya trén cic nghién
cdu thuc nghiém (de Waard va Milliams).

+ M6 hinh an mon H,S: Banh gia anh hudng ctia H,S
I&n su hinh thanh mang FeS béo vé bé mat kim loai va téc
d6é an mon.

+ M6 hinh an mon do amine: Panh gid an mon do
céc san pham phan hay amine, anh hudng cta pH, néng

dé amine, nhiét d6 va téc do6 dong chay.

+ Mb hinh du doan téc d6 an mon trong diéu kién

am chira CO, va H,S, dua trén diéu kién thuc té vé pha
I6ng va khi trong thiét bi.

Nghién ctru mé phéng thay thé amine dugc thuc hién
cho 2 trudng hop:

+ Truong hop st dung DEA: La truong hop co s&
dugc xay dung dua trén di liéu van hanh thuc té ctia nha
may khi ché bién dau th6 c6 ham lugng luu huynh khoang
0,07 - 0,08% khéi lugng trong giai doan 2020 - 2021 va st
dung DEA (n6ng d6 20% khai lugng).

+ Trudng hop st dung MDEA: La trudng hop thay déi
loai amine tit DEA sang MDEA vdi néng d6 40% khai lugng
(ndm trong khoang néng dé téi uu dugc khuyén nghi 30 -
50%) dé xu ly khi chua khi ché bién dau thé c6 ham lugng
luu huynh cao dén 0,128% khéi lugng (ldy theo di liéu
ché bién dau thé trong thang 8/2015). Luu lugng amine
tuan hoan va hai nudc da dugc téi uu hoa dé dap ting cac
thong s6 ky thuat mong muén.

Qua trinh mé phong dua trén sg d6 cong nghé hé
théng xt ly khi chua bao gébm Phan xudng ARU (Unit 19)
va cac thap hap thu amine hién cé ctia Nha may Loc dau
Dung Quaét (Hinh 4).

Trong do:

- T-1555,T-1556: Thap hap thu khi chua va LPG chua
tai Phan xuéng RFCC; T-2402: Thap hap thu khi chua tai
Phan xuéng LCO HDT;

- T-1901: Thap téi sinh amine; TK-1901: BE chua
amine mdi;

- D-1901:Thiét bitach nhanh amine bao hoa; D-1902:
Thiét bi héi luu thap tai sinh; D-1903: Thiét bi ngung tu hoi
nuéc;

- E-1901: Thiét bi trao d6i nhiét cho amine; E-1902:
B6 ngung tu thap tdi sinh; E-1903 A/B: BO gia nhiét thap
tdi sinh; E-1904: BO lam mat amine sach;

- P-1901 A/B: Bdm tuan hoan amine; P-1902 A/B:
Bom dong hoi luu thap téi sinh;

- F-1901: B0 loc thé; F-1902: B6 loc carbon; F-1903:
B6 loc tinh.

Pdnh gid hiéu qud vdn hanh hé théng khi thay thé
amine;

Két qua mé phong qua trinh xt ly khi d6t va LPG chua
bang DEA va MDEA dugc trinh bay trong Bang 3 - 7.
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Khingot. LPGngot - Khingot i chua dén SR

A /J\—' i chua dén
I E-1902
T-1555 T-1556 T-2402 D-1902
Khi chua tir [~ LPG chug tir Khi chualtir )
RFCC [ RFCC LCO HDT]
j/ 1
-3 P-1902A,

Amine sach ===

Khi dot

Amine bao hoa

E-1903AB
( | \ Hoi thép &p
|

Dau can

D-1903
LN Condensate
Hinh 4. So d6 cong nghé hé thong x(x Iy khi chua.
Bdng 3. Théng s6'vn hanh ctia thdp T-1555
L . N L. Truong hgp st dung
T Dong cong nghé Thong sé Don vi tinh DEA MDEA
Luu lugng Nm?/gio 22.700 24.200
Khi d6t chua Ap suat kg/cmig 14,5 14,5
: Bia vao Nhiét do o 37,6 40
Luu lugng kg/qi¢ 27.900 28.100
Amine sach Ap suat kg/cmig 14,1 14,1
Nhiét do o 47 47
Luu lugng Nm?/gio 22.307 23.737
Khi ngot Ap suat kg/cm?g 141 141
) Biura Nhiét do o 47,4 48,6
Luu lugng kg/qi¢ 28.683 28972
Amine bao hoa Ap suat kg/cmig 14,5 14,5
Nhiét do oC 55,5 54,6
Bding 4. Thong s vdn hanh ciia thdp T-1556
N . a - Trudng hop st dung
T Dong cong nghé Thong sé Pon vi tinh DEA MDEA
Luu lugng Nm*/gi¢ 151 155
Khi LPG chua Ap sust kg/cm?g 18,7 20
: DaU Vi Nhiét do °C 39 40
Luu lugng kg/qid 32.399 16.200
Amine sach Ap sudt kg/cm?g 18 19,3
Nhiét do o 41 M
Luu ligng Nm*/gi¢ 151 155
Khi LPG ngot Ap suat kg/cm?g 18 19,3
) Daura Nhiét do °C 40,3 40,9
Luu lugng kg/qid 32.544 16.423
Amine bao hoa Ap sudt kg/cm?g 18,7 20
Nhiét do o 39,5 40,7
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Bding 5. Thong sd'van hanh cia thdp T-2402

T Dong cong nghé Théng s6

Luu lugng
Khi dot chua Ap suat
Nhiét do
Luu lugng
Amine sach Ap suat
Nhiét do
Luu lugng
Khi ngot Ap suat
Nhiét do
Luu lugng
Amine béo hoa Ap suat
Nhiét do

1 Dau vao

2 Daura

Bding 6. Thong sd'vdn hanh ctia thdp T-1901

T Dong cong nghé Thong sd

Luu lugng
1 DaUvio Amine bdo hoa Ap sudt
Nhiét o
Hoi nudc Luu lugng
Luu lugng
Dinh thép Ap sust
Nhiét o
Luu lugng
2 Daura Amine sach —
Ap suat
Nhiét do
Luu lugng
0ff-gas Ap suét
Nhiét do

Toc d9 dong chdy

Bding 7. Ham lugng H2S va (02 trong cdc dong cdng nghé

T Théng s6
1 H,S trong dong khi chua (% khi lugng)
Dau vao
2 (0, trong dong khi chua (% khi lugng)
3 H,S trong dong khi ngot (ppm wt)
baura
4 (0, trong dong khi ngot (ppm wt)

Dai vai théng sé van hanh:

Thap hap thu va thap tai sinh amine trudc va sau khi
thay thé amine c6 cac théng s6 ap suat va nhiét dé hau
nhu khéng thay déi. Riéng déi véi thap T-1556, 4p suat mo

L, Truong hgp sit dung
Don vi tinh DEA MDEA
Nm?/gio 1.520 2.750
kg/cm’g 6,55 6,5
°C 39 40
kg/gic 12.400 9.200
kg/cm’g 6,4 6,35
°C 47 47
Nm3/gio 1.488 2672
kg/cm’g 6,4 6,35
°C 47,6 47,5
ka/gio 12450 9318
kg/cm’g 6,55 6,5
oC 48 50,2
- Trudng hop sii dung
Don vi tinh DEA MDEA
kg/qid 75.130 56.142
kg/cmig 1,1 1,1
°C 87,2 86,8
kg/gio 10.700 8.700
Nm?/gio 6.034 4.789
kg/cmig 1,05 1,05
°C 118,3 116,6
kg/gio 73.928 54.712
m/gidy 0,4 0,3
kg/cmig 1,2 1,2
°C 124,8 126,5
Nm*/gic 580 748
kg/cmg 1,05 1,05
°C 40,8 40,8
, Truwong hop st dung
Thap DEA MDEA
T-1555 0,11 0,65
T-1556 0,14 0,26
T-2402 6,31 9,38
T-1555 5,32 443
T-1556 0,00 0,00
T-2402 0,00 0,00
T-1555 2,21 46,3
T-1556 0,19 113
T-2402 5,14 333
T-1555 1,23 181
T-1556 0,04 0,00
T-2402 2,90 0,08

phdng ting khodng 1,3 kg/cm?g so véi trude khi chuyén
déi amine, do thap dugc du kién cai tién dé tang thong
lugng cot va gidm thiéu luong amine bi cuén trdi theo
dong khi LPG.
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Lugng khi HzS sinh ra tir qua trinh ché
bién dau thé c6 ham lugng luu huynh cao
dan dén tang luu lugng cac dong khi chua
dau vao thap hap thu T-1555, T-1556 va 25.000
T-2402, 1an luot la 7%, 3% va 81%. Diéu

30.000

nay cho thay, khi chua sinh ra tir qua trinh = 20.000
xU ly luu huynh trong céc phan doan LCO/ m\:’ - T-1555
LGO tai Phan xudng LCO HDT tang lén £ 15000
nhiéu nhat do cac hop chat luu huynh § W T-1556
phan bé nhiéu hon trong cac phan doan % 10,000 T-2402
c6 nhiét d6 séi cao. Hinh 5 va 6 thé hién su
thay d6i cta luu lugng khi chua va amine 5 000
sach vao cac thap hap thu. '
Khi ché bién dau thé cé ham lugng luu 0 [
huynh cao, luu lugng khi chua dau vao cac DEA MDEA
thap hap thu tang 1én nhung luu lugng
amine sach diing dé x Iy khi chua c6 xu Hinh 5. Luu lugng khi chua ddu vao cdc thdp hdp thy.
hudng giam. Luu lugng amine tuan hoan 20,000
dau ra thap tai sinh T-1901 giam khoang
26%, tU 73.928 kg/gi¢ xuéng con 54.712
kg/gid. Khi s dung MDEA, mac du luu 70.000
luong dung dich amine tuan hoan trong
hé théng thap han so v6i DEA nhung van 60.000
dat dugc kha nang xt ly khi chua hiéu qua 5
do MDEA dugc st dung & nong do cao ;Z 20.000 = T-1555
hon DEA nén c6 hiéu suat hap thu khi chua g
t6t hon, déng thdi MDEA c6 tinh chon loc = 40.000 11556
cao d6i véi H,S, nha d6 giam dugc lugng s 1-2402
khi CO, bi hap thu khong mong muén. = 30.000 1-1901
Viéc giam luu lugng amine gidp tiét kiém
chi phi van hanh vi lugng hoi nudc can 20.000
st dung dé tai sinh amine va lugng dién
nang tiéu thu cho cdc may bom tuan hoan 10.000
amine it han so véi khi st dung DEA.
0

Theo Hinh 6, luu lugng amine sach
vao thap T-1555 khéng thay déi dang
ké so véi khi st dung DEA, trong khi luu Hinh 6. Luu lgng amine sach ddu vao cdc thdp hdp thu va ddu ra thdp tdi sinh.
lugng MDEA vao cac thap T-1556 va
T-2402 déu giam lan luct khoang 50%
va 26%. Nguyén nhan do phan mém mé
phoéng xac dinh luu lugng amine can s
dung khoéng nhiing dua trén luu lugng
khi chua dau vao ma con phu thuéc vao
thong s6 néng do H2S trong cac dong khi
céng nghé. Theo s6 liéu Bang 7, dong khi
dét tir Phan xudng RFCC vé thap T-1555  DOivdi higu qua xd ly khi chua:
c6 ham lugng HS tang cao nhdt, k‘hoéng Hinh 7 mé ta su thay d6i ham lugng khi H2S va CO: trong cac dong
490%, trong khi dong khi LPG vé thap cong nghé trudc va sau khi xtt ly bang amine. Khi ché bién dau thé c6

DEA MDEA

T-1556 va dong khi d6t ti Phan xudng LCO-HDT vé thap T-2402 c6 ham
luong HaS tang lan lugt 1a 86% va 49%. Két qua nay cho thay, luu lugng
amine MDEA cép vao thap T-1555 gan nhu khéng thay déi so vai khi st
dung DEA nhung ¢6 hiéu suat hap thu HzS cao hon r6 rét. & cac thap khac,
muc dé gia tdng ham lugng H:S trong dong khi dau vao thap hon so véi
thap T-1555 nén luu lugng amine dugc t6i uu hoa va giam 50% doi véi
thap T-1556, gidm 26% déi véi thap T-2402.
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Ham lugng H,S (% khdi lugng)

Ham lugng H,S (ppm wt)
o = S 8 & & 3

Ham lugng C0, (% khdi lugng)

200

Ham lugng CO, (ppm wt)

150

100

50

m T-1555
m T-1556
T-2402
I [ S
DEA MDEA
Ham lugng H,S trong dong khi chua
(a)
W T-1555
m T-1556
T-2402
|| e
DEA MDEA
Ham lugng H,S trong dong khi ngot
(b)
m T-1555
m T-1556
I T-2402
DEA MDEA
Ham lugng C0, trong dong khi chua
(0
m T-1555
m T-1556
T-2402
DEA MDEA
Ham lugng C0; trong dong khi ngot
(d)

Hinh 7. Ham lugng khi HS va (0z trong cdc dong cong nghé.

ham luong luu huynh cao, ham lugng khi H.,S
trong dong khi chua dau vao cac thap hap thu
tang lén dang ké (Hinh 7a). Tuong tu, sau khi xdr
ly bang amine, néng dé khi H_S trong céc dong
khi ngot dau ra cac thap hap thu cao hon so véi
khi ché bién dau thé thong thusng (Hinh 7b), do
phan mém mo phong tinh toan lugng amine téi
uu cho hé théng nham dam bao chat lugng dong
khi ngot dap tng yéu cau ky thuat < 50 ppm wt
d6i véi khi dot va < 24 ppm wt d6i vai khi LPG.

Khi CO2 c6 ndng dé khéng dang ké trong cac
dong khi LPG chua tir phan xuédng RFCC va trong
khi chua tur phan xudng LCO HDT. CO2 chd yéu ¢6
trong khi d6t tir phan xudng RFCC (Hinh 7c). So
vGi khi str dung DEA, ndng d6 COz trong dong khi
ngot dau ra thap T-1555 tang Ién gdp 147 lan do
MDEA s& hiiu dac tinh hap thu chon loc d6i véi H2S
(Hinh 7d). Biéu nay giup tang ndng d6 H:S trong
dong khi chua dau ra thap téi sinh amine T-1901
vé phan xudng thu hoi luu huynh SRU, nang cao
hiéu qua x{ ly luu huynh va gidm tai cho SRU.

DG6i véi chdt luong khi dau ra thdp tdi sinh amine
T-1901:

Néu ham lugng hydrocarbon C,, trong dong
khi dau ra thap T-1901 vé phan xuéng SRU vuat
ngudng cho phép (> 0,15% mol), ¢ thé gay ra cac
van dé ky thuat tai SRU nhu mat can bang H2S/
SOz, tang sinh mudi than, gdy ngd déc chat xuc
tac..., dan dén giam hiéu suat thu hoi luu huynh.
Do do6, hydrocarbon C,, dugc loai bé khéi dong
amine bao hoa tai thiét bi tach nhanh D-1901
bang khi Nz, trudc khi dua amine vé thap tai sinh
T-1901. So sénh ham lugng hydrocarbon C,, trong
khi chua vé phan xudng SRU & 2 trudng hop s
dung DEA va MDEA dugc thé hién trong Bang 8.

VGi luu luong N2 khodng 100 Nm*/h thi
ham lugng khi C,, trong dong khi chua dau ra
thap T-1901 déu dap ung yéu cau ky thuat & ca
2 truong hop s dung amine DEA va MDEA. Tuy
nhién, can luu y rang lugng hydrocarbon trong
amine phu thudc rat nhiéu vao cac thong sé hoat
déng khéng thé dugc tinh dén trong méd phdng.
Do dé, luu lugng dong N2 can dugc diéu chinh
trong van hanh thuc té dé thong s6 ky thuat C,,
dat muic yéu cau.
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Bding 8. Ham lugng hydrocarbon C,, trong khi chua vé phdn xudng SRU.

Chi tiéu - Tritng hop st dung WDEA Quy dinh kj thust
Ham lugng C4+ (% mol) 0,005 0,004 0,15
Bding 9. Bdnh gid miic dd ddp tng cia hé théng thiét bi khi chuyén ddi amine

T Tén thiét bi Panh gia

1 Théap

1.1 Thép hap thu khi chua trong khi dot tir RFCC (T-1555) Dat

1.2 Théap hap thu khi chua trong LPG tir RFCC (T-1556) Dat, can kiém tra lugng amine bi cudn theo LPG trén thuc té
13 Thép hap thu khi chua trong khi dot tir LCO HDT (T-2402) bat

14 Thap tdi sinh amine (T-1901) Dat

2 Thiét bi tach
2.1 Thiét bi tach nhanh amine bao hoa (D-1901) Dat
2.2 Thiét bi hoi luu thap tai sinh (D-1902) Dat
23 Thiét bi ngung tu hei nudc (D-1903) Dat

3 Thiét bi lam mat/trao d6i nhiét
3.1 Thiét bi trao d6i nhiét cho amine bao hoa/sach (E-1901) Dat
3.2 B6 ngung tu thap tdi sinh (E-1902) Dat
33 B0 gia nhiét thap tdi sinh (E-1903 A/B) Dat
3.4 B lam mat amine sach (E-1904) Dat
4 Bom
4.1 Bom tuan hoan amine (P-1901 A/B) Dat
42 Bom dong hi luu thap tdi sinh (P-1902 A/B) Dat
Bdng 10. Két qud ddnh gid khd nding dn mon thiét bi khi sit dung amine MDEA

T Tén thiét bi Loai vat liéu Do an mon cho phép Panh gia
1 Thap

1.1 Thép hap thu khi chua trong khi dot tir RFCC (T-1555) Thép carbon 6 mm/ndm Dat
1.2 Théap hap thu khi chua trong LPG ti RFCC (T-1556) Thép carbon 6 mm/ndm Dat
13 Thap téi sinh amine (T-1901), tir dfa thi 7 trd 1én Thép carbon phi 304L - Dat
14 Thép tdi sinh amine (T-1901), tir dia thi 8 tr& xudng Thép carbon 6 mm/ndm Dat
2 Thiét bi tach
2.1 Thiét bi tach nhanh amine bao hoa (D-1901) Thép carbon phti epoxy 3 mm/nam Dat
2.2 Thiét bi hoi luu thap tai sinh (D-1902) Thép carbon phd epoxy 3 mm/ndm Dat
23 Thiét bi ngung tu hai nudc (D-1903) Thép carbon 3 mm/ndm Dat
3 Thiét bi lam mat/trao déi nhiét
3.1 Ong trao d6i nhiét cho amine bao hoa/sach (E-1901) Thép carbon 3 mm/ndam Dat
3.2 V6 6ng trao ddi nhiét cho amine bao hoa/sach (E-1901) 304L Do day = 1,6 mm Dat
33 B0 ngung tu thdp tai sinh (E-1902) 22(r Do day=2,1Tmm Dat
3.4 V6 bg gia nhiét thap ti sinh (E-1903 A/B) Thép carbon 3mm/ndm Dat
35 Bd [am mat amine sach (E-1904) Thép carbon Do day = 2,77 mm Dat
4 Bom
4.1 Bom tuén hoan amine (P-1901 A/B) S-8 - Dat
4. Bom dong hoi luu thap tai sinh (P-1902 A/B) S-8 - Dat

Bdnh gid mic dé ddp iing cua thiét bj:

Nhdam dam béo kha nang van hanh an toan cla hé
théng cdng nghé, Cong ty C8 phan Loc héa dau Binh Son
da thuc hién danh gia muic dé dap Ung clia cac thiét bi
nhu thap hap thu, thap téi sinh amine, thiét bi tach, thiét
bi trao d&i nhiét va bam (Bang 9). Theo két qud méd phoéng
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trén phan mém PROMAX, khi thuc hién thay thé DEA bang
MDEA, lugng amine can st dung cho hé théng giam, dan
dén lugng tiéu thu hoi, ndng luong ciing gidm theo, dong
thoi cac théng s6 4p sudt va nhiét dé thay déi khéng dang
k&, nén cac thiét bj vé cin ban dap (ng yéu cau van hanh
trong diéu kién mgi. Tuy nhién, phan mém mé phong
khong danh gid dugc muc do hoa tan cia amine MDEA



PETROVIETNAM

Bdng 11. Chi phi van hanh phdn xudng ARU khi thay thé amine tir DEA thanh MDEA

7 Ndi dung Gia DEA MDER
’ Lugng tiéu thu Chi phi (¥) Lugng tiéu thu Chi phi (¥)
1 Hoi thap ap 0,03994 USD/kg 10.700 kg/gic  3.418.864USD/nam  8.700kg/gi6  2.779.824 USD/nam
2 Lugng dién tiéu thu clia bom P-1901A/B 0,207 USD/kWh 176 kWh 291.456 USD/ndm 153 kWh 253.368 USD/ndm
3 Tong chi phi 3.710.320 USD/ném 3.033.192 USD/ném
4 Chénh l&ch 677.128 USD/nam

(*) Thai gian vdn hanh Phdn xudng ARU khodng 8.000 gio/ndm.

trong dong khi LPG ngot dau ra thap T-1556. Do d6 van dé
nay can dugc chu y dén trong diéu kién van hanh thuc té.

Pdnh gid kha ndng gdy dn mon:

Két qua danh gia trén phan mém mé phéng vé kha
nang an mon thiét bi khi sir dung amine MDEA trinh bay
trong Bang 10.

Cac loai vat liéu ctia hé théng thiét bi déu c6 kha nang
chéng an mon t6t khi st dung MDEA. Tuy nhién, dé giam
thi€u khd nang gay an mon hé théng thiét bi, cac théng s6
sau day phdi dugc theo dai:

+ Chat lugng amine: Ban than dung méi amine
khoéng an mon. Tuy nhién, sy dn mon c6 thé xay ra do hinh
thanh muéi bén nhiét trong dung dich amine tir két qua
xam nhap clia acid, Oz, SOz va su tich tu NHs tai dinh thap
tai sinh amine. Cac chi tiéu khac nhu néng dé clorua, nbng
dd chat ran lo ling va Fe hoa tan trong amine can phai
nam trong gidi han quy dinh dé kiém soét sy an mon.

+ Quad trinh an mon - x6i mon: Qua trinh nay xay ra
do su béc haoi H2S va CO2 tir amine bao hoa; téc d6 dong
chady 2 pha léng/khi cao trong dudng 6ng/thiét bi; su tich
tu clia cac sdn phdm phan hdy amine lam ting dé hoa tan
cla Fe trong amine.

+ Hién tuong tao bot: Tao bot trong hé théng amine
chli yéu do hydrocarbon hoa tan trong amine lam gidam
stic cang bé mat. P& gidm su tao bot trong hé théng,
hydrocarbon trong amine phai dugc loai bo thong qua
viéc st dung b loc carbon. Xu huéng tao bot cia MDEA
kha tuang tu v6i DEA nén c6 thé dua trén kinh nghiém
van hanh thuc t& d6i véi DEA dé xui ly cac van dé phat sinh
trong qua trinh 4p dung MDEA.

Pdnh gid so bé hiéu qud kinh té:

Chi phi thay thé amine: Téng lugng dung dich amine
MDEA néng d6 40% khéi lugng can dung ban dau dé thay
thé DEA trong hé théng xu ly khi chua khoang 200 m3,
Gia mua du kién cia dung dich MDEA néng d6 88% la 6,5
USD/kg. Lugng MDEA 88% can mua dé pha loang thanh
dung dich MDEA 40% la 91 m3 (tuong duong ~ 95 tan).

Nhu vay, chi phi dau tu ban dau dé mua MDEA khoéang
617.500 USD.

Theo két qua mé phong, viéc thay thé amine DEA
bang MDEA gitp giam chi phi van hanh do luu lugng
amine tuan hoan trong hé théng giam, dan dén nang
luong dién can cung cap cho hé théng bom va lugng hoi
nudc thap ap dung dé gia nhiét thap tai sinh cling gidm
theo. So sanh chi phi van hanh Phan xuéng ARU khi thay
thé& amine tir DEA thanh MDEA dugc trinh bay trong Bang
11. Riéng d6i véi chi phi tiéu hao héa chat (lugng amine
can bé sung dé bu dép cho lugng amine hao hut), vi phan
mém mo6 phéng khéng thé xac dinh dugc lugng amine
hao hut do hoa tan trong dong nudc ngung tu xa ra tu
thiét bi tach D-1902 va amine bi cuén tréi theo dong khi
LPG ngot tai thap T-1556, nén chi phi nay sé dugc tinh
toan trong qua trinh van hanh thuc té.

K&t qua Bang 11 cho thay, khi nha may chuyén déi
amine tir DEA sang MDEA sé tiét kiém dugc chi phi van
hanh cho tiéu hao nang lugng khodng 677.128 USD/nédm,
cao hon so véi chi phi dau tu thay thé amine. Nhu vay, udc
tinh trong nam dau tién sir dung amine MDEA nha may
da c6 thé hoan vén dau tu ban dau, cho thay gidi phap
chuyén d8i amine mang lai hiéu qua kinh té cao.

5. Két luan

Dua trén két qua danh gia moé phong qua trinh chuyén
d&i amine ti DEA thanh MDEA trén phan mém chuyén
dung PROMAX, c6 thé rat ra cac két ludn sau:

- V& thong sé van hanh: Cac théng sé nhiét dé va ap
suat tai cac thap hap thuT-1555, T-1556, T-2402 va thap tai
sinh amine T-1901 khéng c6 su thay di dang ké so vdi khi
hé théng st dung DEA. Trong trudng hop ché bién dau
thé cé ham lugng luu huynh cao, lugng khi chua sinh ra
tUr qua trinh ché bién tang, dan dén gia tang luu lugng
khi dau vao cac thap hap thu. Tuy nhién, luu lugng MDEA
dugc st dung trong hé théng gidm so vai DEA, nhd vao
hiéu qua vuot troi cia MDEA trong viéc hap thu chon loc
H2S khi dugc stir dung & néng d6 cao (khoang 40% khoi
lugng).
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- Vé kha nang dap Ung cla hé théng thiét bi: Tat ca
céc thiét bi, van diéu khién va dudng 6ng déu dap ung
cac diéu kién thay luc can thiét dé xr ly dong chay méi khi
chuyén déi tir DEA sang MDEA do luu lugng amine trong
hé théng gidm dang ké.

- Vé kha ndng gady an mon: MDEA it gay an mon
hon DEA, déng thai vat liéu cta hé théng thiét bi hién cé
dap ung yéu cau vé kha nang chéng an mon khi st dung
amine MDEA. Tuy nhién, dé t8i uu héa tudi tho thiét bi can
ki€ém soat cac yéu té gay an mon nhu néng dé cac tap chat
trong amine, t6c do dong chay amine trong hé thong va
kha nang tao bot clla amine...

- Vé chat lugng san pham d4u ra: Tat ca cac thong s6
ky thuat ctia khi d6t va LPG sau xU ly déu dat yéu cau khi
chuyén déi tir DEA sang MDEA.

- V& hiéu qua kinh té so bé: Nhin chung giai phap
thay thé amine tai Phan xuéng ARU gitp gidm chi phi van
hanh do Iugng nang lugng tiéu thu cho qua trinh bom
tuan hoan va tai sinh amine gidm. Uéc tinh khi s dung
amine MDEA, méi nam nha may tiét kiém dugc khoang
677.128 USD chi phi van hanh.

Nhu vay, MDEA c6 kha nang x{ ly hiéu qua dong khi

chua c6 ham lugng H:S cao, déc biét trong béi canh Nha
may Loc dau Dung Quat hudng dén ché bién cac loai dau

thé ¢6 ham lugng luu huynh cao. Viéc chuyén déi amine
tur DEA sang MDEA khong doi héi thay thé hodc cai tao hé
théng thiét bi hién c6 tai Phan xudng ARU. Diéu nay mang
lai Igi ich kinh t& dang ké, bao gobm gidm chi phi dau tu
ban dau va tiét kiém chi phivan hanh thong qua viéc giam
tiéu hao nang lugng va phu trg.

Tai liéu tham khao

[1] Saeid Mokhatab and William A. Poe, Handbook
of natural gas transmission and processing, 2™ edition. Gulf
Professional Publishing, 2012.

[2] Arthur L. Kohl and Richard B. Nielsen, “Chapter 2
- Alkanolamines for hydrogen sulfide and carbon dioxide
removal’, Gas purification (fifth edition). Gulf Professional
Publishing, 1997.

[3] BSR, “S6 tay van hanh phdn xudng ARU 8474L-019-
ML-001"

[4] BSR, “S6 tay vdn hanh phan xudng RFCC 8474L-015-
ML-001"

[5] BSR, “S6 tay vdn hanh phdn xuéng LCO HDT
8474L-024-ML-001"

[6] Haldor Topsoe, “Study report on amine conversion
from DEA to MDEA”.

SIMULATION STUDY OF AMINE CONVERSION PROCESSES TO IMPROVE
THE PROCESSING EFFICIENCY OF HIGH-SULPHUR CRUDE OIL

AT DUNG QUAT REFINERY

Mai Tuan Dat, Tran Hai Ninh, Truong Van Tuyen, Nguyen Thi Thanh Yen

Binh Son Refining & Petrochemical JSC (BSR)
Email: yenntt@bsr.com.vn

Summary

By design, diethanolamine (DEA) is used in the Amine Regeneration Unit (ARU) of the Dung Quat Refinery to absorb sour gas generated
during the processing of sweet and light crude oils. However, in recent years, the Refinery's feedstocks have been supplemented with
imported crude oils, most of which have high sulfur content, resulting in an increase in the volume of sour gas that needs to be treated. This
shift necessitates the adoption of more advanced amine solvents to enhance the sour gas absorption efficiency in fuel gas and LPG streams,
while also optimizing the performance of the following Sulfur Recovery Unit (SRU).

This article presents the results of a study simulating the conversion of the amine solvent from diethanolamine (DEA) to
N-methyldiethanolamine (MDEA) at the ARU using the specialized software PROMAX to evaluate the impact of this amine replacement on
the existing technology system.

Key words: ARU, DEA, MDEA, PROMAX, high sulfur crude oil, Dung Quat Refinery.
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NGHIEN CUU CHE TAO CHAT KHU H,S KHONG CHUA TRIAZINE
CHO HE THONG THU GOM, XU LY, VAN CHUYEN DAU KHi
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Tom tat

Bai bdo gidi thiéu qua trinh ché tao va danh gid hiéu qua ca chat khit HaS khong chifa triazine, ky hiéu HS-525, duoc tong hop tit
paraformaldehyde va ethylene glycol. Két qua phan tich phd FT-IR cho théy suhinh thanh lién két hemiacetal dac trung, khang dinh phan

(ing tong hop thanh cong va cau triic san pham khong chiia nitrogen.

Cac thi nghiém khao st su anh hudng ctia ham lugng HzS, nhiét d6 va ty 1é héa pham dén hiéu qua xi Iy cho thay HS-525 phan ting
nhanh vdi HaS, duy tri kha nang khi 6n dinh trong dai diéu kién khao sét va thé hién kha nang hap thu cao ngay ca khi ham lugng HaS I6n.
Nhiét @6 cao lam téng toc dd phan ting va hiéu sudt hap thu, trong khi ty I&é hda pham cao hon gitip néng cao hiéu qua xa y.

Vi6i pH trung tinh, HS-525 khong gdy an mon thiét bi, khong tao két tda trong moi trudng cd ion Ca?* va than thién vi moi trudng
hon so véi cac chat khii HaS gdc triazine. Két qua nghién ctu chiing minh tiém nang phat trién cdc héa pham khir HaS khong chiia triazine

cho hé thdng thu gom, x(t Iy va van chuyén dau khi.

Tur khoa: Hydrogen sunfide, non-triazine, alpha-hydroxy alkyl, an mon.

1. Gii thiéu

Trong linh vuc dau khi, H2S xuat hién trong hé thong
dudng 6ng thu gom, xtr ly va van chuyén do 2 nguyén
nhan chinh: (i) trong thanh phan dau, khi khai thac c6 san
H2S, hodc (ii) dugc sinh ra tur qua trinh hoat déng cua vi
khuén kh sulfate. H,S 1a tac nhan gay an mon rat manh
da6i véi hé théng dudng 6ng va thiét bi khai thac, thu gom,
xt ly, van chuyén dau khi.

Tai mo khi Ca Voi Xanh, H2S dugc phat hién khi tham
do vai ham lugng rat cao (khoang 2.500 ppm [1]). Tai m&
Thang Long, H2S xudt hién trong sdn pham khai thac va
viéc nghién ctru nham xac dinh nguén géc dang dugc
tién hanh [2]. Tai Vietsovpetro, H2S dugc phat hién tai
nhiéu vi tri trong hé théng thu gom, xU ly va van chuyén
d4u. Tai mot s6 tuyén dudng 6ng van chuyén dau ctia mé
Rong, H2S dugc phat hién véi ham lugng tir 45 - 1.200
ppm. Trong giai doan 2007 - 2018, ham lugng H2S tai cac

ra = Ngay nhan bai: 22/10/2025
Ngay ddnh gid va sta chifa: 23/10- 5/11/2025
[w] o Ngay duyét dang: 5/11/2025

gian nén khi da tang cao tir 2 - 10 1an (cao nhat 1én t&i 255
ppm).

Do d¢, viéc lua chon cong nghé xt ly Hz2S phu hgp lién
quan truc ti€p dén ddm bao an toan lao déng, kéo dai tudi
tho clia cac cong trinh dau khi, cing nhu dinh hudng lya
chon c6ng nghé phu hgp dé khai thac, van hanh cac mé
dau, khi c6 ham lugng HzS cao.

Trén thé gidi, c6 nhiéu phuong phap dé xu ly HaS:
hda hoc, vat ly hodc cac phuong phap két hop. Trong dé,
phuong phap hoéa hoc st dung hdéa phdm khit HzS (H2S
scavenger) ¢4 nhiéu uu diém va dugc st dung rong réi.
Cac hop chat khir HzS c6 thé gom: chat khii trén ca sé mot
s6 hop chat cta cac kim loai Zn, Fe, Cu; triazine, hgp chat
amine, acrolein, formaldehyde/methanol; cac hgp chat
nitrate... Trong s& cac nhém chat kh{ nay, triazine va hop
chat géc triazine dugc st dung phé bién nhét.

Tuy nhién, cac chat khit H2S géc triazine c6 cac nhugc
diém sau:

- Lam tang d6 pH va gay két ttia: Cac nhém amine
bac 3 trong triazine c6 tinh bazo trong dung dich nudc,
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lam tdng d6 pH cla nudc. Cac san phdm phan Ung gia
triazine (MEA) véi H2S ciing la cac hgp chat c6 tinh bazo.

Su gia tang pH dan dén két tua calcium carbonate, lang mudi amine hydrochloride [4].

dong cac hgp chét cao phéan tir va ting ham lugng

ethanolamine [3].

- Khong 6n dinh & d6 pH thap: G do pH thap, triazine
bi thiy phan trudc khi phan Ung véi HzS, lam gidm déng

ké hiéu qua khr.

- T6c d6 phan tng cham: Triazine co6 téc dé phan tng
cham trong cac quy trinh bom truc ti€p, giam hiéu qua khi
ap dung trong hé théng c6 thaoi gian luu ngan, dan dén
lugng hoda chat can thiét nhiéu han dang ké so vdi ly thuyét.

Nghién ctru nay phat trién héa phdm khir H2S tir dan
xuat hydroxy, khéng chua triazine, cé thé khac phuc dugc
nhugc diém cla hé hoa phdm chua triazine, aldehyde
nhu: khong bi két tda trong méi trudng cé chida nhiéu
Ca?*, bén nhiét, khong gay an mon thiét bi, dudng 6ng,
giam déc hai véi suc khde con ngudi va méi trudng, giam
thi€u anh hudng dén hiéu qua clia cac héa phdm khac
dang st dung trong hé théng cdng nghé. Muc tiéu cua
nghién ctu la 1dm chd céng nghé ché tao hé héa phdm
khtt HaS ti cac hop chat khong chida triazine, c6 hiéu qua
XU ly cao, khic phuc dugc cac nhuge diém cla cac héa

phadm dang st dung.

Hinh 1. Sur két ttia cdc sdn phdm phan ting cia triazine vdi HzS.

Glycerol bis hemiformal mono
phosphate ether

Oligomeric glycerol bis hemiformal
di-phosphate ether

Glycerol bis hemiformal mono sulfate
ether

Oligomeric glycerol bis hemiformal di-
sulfate ether
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Bding 1. Cdc chdt alpha-hydroxy alkyl ether
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- Tinh 6n dinh nhiét thap va kha nang hinh thanh
cdn; gay an mon trong cac quy trinh loc dau do tao thanh

Do nhiing han ché trén, mét s6 nghién ctu da dugc
thuc hién nham cai tién hodc thay thé triazine. Mét loai
chat khir méi dugc goi la chat khit H2S khéng chia triazine
(non-triazine base scavenger - NTBS) da dugc phat trién.
Chat kh(t H2S mdi nay phan ting nhanh han va c6 hiéu qua
t6t hon so vai nhing chat khir khéng chia nitrogen khac
(vi du: glyoxal). P6 pH trung tinh ctia sdn phdm mdi nay
giup loai bd su lang dong calcium carbonate thudng xay
ra véi cac chat khir g6c triazine. NTBS da dugc thi nghiém
vé tinh 6n dinh nhiét va kha nang tuong thich véi cac hoa
chat san xuat khac. San pham nay c6 thé tan dugc trong
pha dau va nudc va tré thanh mot chat khi linh hoat hon.
Dong thai, NTBS than thién véi moi trudng hon so véi cac
chat héa hoc nhat rac HaS théng thusng khac [5].
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Bding 2. Cdc chdt alpha-hydroxy alkyl esther

Bis(hydroxymethyl) Maleate

(2E, 4E)-hydroxymethylhexa-2,4-dienoate

(E)-hydroxymethyl but-2-enoate

(E)-bis(hydroxymethyl) 0,0'-
(2-hydroxypropane-1,3-diyl) difumarate

2.Co sé ly thuyét
2.1. Cdc hop chdt HzS khéng chira triazine

Trong cac hgp chat khéng chua triazine mdi, alpha-
hydroxy alkyl ether va alpha-hydroxy alkyl esther la cac san
pham mgi va tién tién nhat. Hé héa pham nay dugc hinh
thanh tur phadn Ung gilta 1 aldehyde véi acid carboxylic
hodc véi rugu. Phan Ung tdng hgp c6 thé thuc hién trong
moi trudng binh thudng hodc gia nhiét nhe véi xic tac
13 cac acid nhu H2504, HsPOa. Mét s6 héa pham khit HaS
thuéc nhém nay cé cong thic nhu Bang 1 va 2.

Két qud danh gia va so sanh cac san pham nay vdi
cac san pham truyén théng nhu triazine cho thay, cac san
pham khéng chira triazine da khic phuc dugc nhugc diém
nhu [6]: khong tao két tlia véi nudc déng hanh, khong gay
an mon thiét bi, phan (ing nhanh, san pham phan (ng
hoa tan trong nuéc, c6 thé tan/phan tan trong dau, khéng
chuta nitrogen, khdng gay ra hién tugng ngd ddc xuc tac
trong phan xudng cracking tai nha may loc dau, sdn pham
an toan vdi sutic khoe va méi truong.

2.2. Cochéténg hop alpha-hydroxy alkyl ether va alpha-
hydroxy alkyl esther va co ché phan ting

Cac hop chat khir H2S khong chira triazine nhu alpha-
hydroxy alkyl ether va alpha-hydroxy alkyl esther la nhiing
san pham mdi, c6 hiéu qua xir ly cao, khéng gay cac tac

Cafl
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dong xau dén hé théng cdng nghé, an toan vdi stc khoe
va méi trudng. Viéc nghién ciu, ché tao, iing dung cac san
pham nay dang la xu huéng trén thé gidi. Hién nay, mot s&
nha san xudt nhu Nalco, Champion da tap trung phat trién
dang san phdm nay [7, 8].

Phan Ung tao ra alpha-hydroxy alkyl esther tu acid
carboxylic va aldehyde dugc thé hién nhu sau:
R-(C=0)-0OH+R'-(C=0)-H--
- R-(C=0)-0-C(H)(R")-OH
Acid carboxylic

Aldehyde  Alpha-hydroxy alkyl esther

C4u truc cdia sadn pham phan (ng nhu sau:
-
B o—i =} i

4
alpha-hydroxy alkyl esther
Trong dé:

R - aliphatic, cyclic, acyclic, saturated, olefinic, aromatic;

R - H, aliphatic, cyclic, acyclic, saturated, olefinic,
aromatic [7].

Trong phan ng trén, acid carboxylic ¢ thé 1a mono,
dicarboxylic, oligomer hodc polymer cuia acid carboxylic,
aldehyde cling c6 thé la mono dialdehyde, oligomer hoac
polymer clia aldehyde. Phu thudc vao cdu tric clia acid/
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aldehyde ma san pham cé thé la bao hoa, khéng bao hoa
hoac la vong thom cla polyester, vong diester hodc hon
hop cla polyester va diester. Mot s6 vi du vé san phdm
dang nay nhu: bis(hydroxymethyl) maleate; (2E, 4E)-
hydroxymethyl hexa-2,4-dienoate; (E)-hydroxymethyl but-
2-enoate; (E)-bis(hydroxymethyl) O,0'-(2-hydroxypropane
1,3-diyl) 6-(2,5-dioxo-2,5-
dihydro-1H-pyrrol-1-yl)hexanoate.

difumarate; hydroxymethyl

Phan Ung tao ra alpha-hydroxy alkyl ether nhu sau:

A-R-OH+A-R'-(C=0)-H -
—A-R-0-C(H)(A-R')-OH

Alcohol Aldehyde Alpha-hydroxy alkyl ether

San pham clia phan Ung c6 cong thic chung nhu sau:

alpha-hydroxy alkyl ether
Trong dé6:
R - aliphatic, cyclic, acyclic, saturated, olefinic, aromatic;

R" - H, aliphatic, cyclic, acyclic, saturated, olefinic,
aromatic;

A --OH, -OPO3M, -SO3M, -PO3M2, -OSO3M.

Trong 2 phan Uing trén, phén ng c6 thé xay ra khi cé/
hodc khong cé xuc tac, trong diéu kién nhiét d6 thudng
dén nhiét @6 60 - 80°C. Xuc tac sir dung c6 thé 1a H2S0a,
HsPQOas, KOH [7].

Hoéa pham kh H2S trén co s& dan xuat cac hop chat
hydroxy trén thudng dugc pha trong dung méi la cac
rugu/dung méi dong hoa tan nhu: ethanol, isopropanol,
butanol... D& ting kha ndng tueng hgp véi moéi trudng xd
ly, tdng kha nang phan tan vao cac pha khac nhau (nhu
dau/nuéc) c6 thé sit dung thém cac chat hoat dong bé
mat. Trong trudng hgp dudng 6ng van chuyén dau chia
déng thai 3 pha (dau/nudc/khi), viéc lua chon cac thanh

phan (nhu dung moi, chat phan tan) la yéu té quan trong
gilp tang hiéu qua x{ ly cta hda pham khir HzS.

Ca 2 loai H2S scavenger nay déu c6 cung nguyén ly 1a
dugc téng hgp ti phan Ung gitta hop chat chdia dan xuéat
hydroxy véi aldehyde. Phan Uing gilta rugu va aldehyde
tao hemi-acetal la qua trinh hoa hoc dién ra qua 2 giai
doan chinh: (i) M6t phan t rugu phan Ung véi 1 phan tu
aldehyde tao thanh hemi-acetal (hodc hemi-formal néu
aldehyde la formaldehyde); (ii) Mot phan t rugu tha 2
tiép tuc phan Ung v6i hemi-acetal, gidi phéng 1 phan t
nudc va hinh thanh acetal (hoac formal).

Qua trinh hinh thanh hemi-acetal hodac hemi-formal
I3 phdn Ung thudn nghich, do d6 c6 thé dugc xem nhu
dang can bang dong giira aldehyde (hodc formaldehyde)
va rugu tuong ung. Trong moéi trudng trung tinh hoac
kiém, hemi-acetal 1a san phdm phan (ng duy nhat, con
trong méi trudng acid, phan ung tiép tuc cho dén khi
hinh thanh acetal (hodc formal hoan toan). Cac chat
xuc tdc nhu acid sulfuric, acid hydrochloric hoac acid
Lewis dugc st dung dé diéu khién qua trinh nay. Ngoai
ra, hiéu suat hinh thanh hemi-acetal giam dan khi d6
phc tap cau trdc cta aldehyde (hodc carbonyl) tang lén.
Formaldehyde c6 lgi thé do la hgp chat carbonyl don gian
nhat, c6 kha nang hinh thanh hemi-acetal hodc hemi-
formal véi hiéu suét cao.

TU nguyén ly chung cla qua trinh téng hop, c6 thé
thiét 1ap cac tiéu chi luya chon nguyén liéu dau vao dé
ché tao héa pham khit HaS khong chia triazine. Déi voi
aldehyde, uu tién aldehyde mach thdng don chiic hoic hai
chtic c6 cdu tric don gian (sé lugng nhom carbonyl thap)
nhu: acetaldehyde, propionaldehyde, butyraldehyde,
glutaraldehyde, glyoxal, formaldehyde,... acid carboxylic
c6 thé sir dung aicd mono carboxylic, dicarboxylic,
oligomer hodc polymer cla acid carboxylic (nhu acid
maleic, acid citric).

Rugu c6 thé 1a don chiic hodc da chic nhu: ethylene
glycol, propylene glycol, polyethylene glycol,...

Bdng 3. Ngudn nguyén liéu va diéu kién tong hgp hda phdm HS-525

Ngudn nguyén liéu va diéu kién téng hgp
Aldehyde
Alcohol/acid carboxylic
Xuic tac
Thai gian phan ting
Nhiét @ phan ting

74 DAUKHI - SO 4/2025

HS-525
Paraformaldehyde
Ethylene glycol
NaOH 50%

4 qi¢
80°C



PETROVIETNAM

% truyén qua
w S S w
v o wi o

w
o

25

447,60

4.000 3.500 3.000 2.500 2.000 1.500 1.000 500

% truyén qua

S6'song (cm™)

Hinh 2. Phé FT-IR ctia héa phdm para-formaldehyde.
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Hinh 3. Phé FT-IR ctia hda phdm ethylene glycol.
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Hinh 4. Phd FT-IR ctia hda phdm HS-525.

3. Két qua va thao luan

3.1. Nghién ciru thanh phdn nguyén liéu va
téng hop

Nhém tac gid nghién ctu téng hgp hoéa
phdm HS-525 véi nguén nguyén liéu va diéu
kién téng hop theo Bang 3.

PhéS FT-IR ctia mau cho thdy cac dinh dac
trung tai 2.987,27 cm™, 1.741,87 cm™, 1.232,62
cm™ va 1.094,85 cm™... Trong d6, dinh 2.987,27
cm™ ddc trung cho dao dong C-H sp? ciia—CH»-,
con dinh 1.741,87 cm™ tuong Ung véi dao déng
kéo gian C=0, cho thay su hién dién cGla nhém
carbonyl trong cdu tric formaldehyde (Hinh 2).
Pang chuy, cac dinh dac trung & vung tin hiéu
1.232,62-904,65 cm™ la ddc trung clia dao dong
C-0-C trong cac cau ether —-O-CH2-0O-, phu
hgp vai cdu trdc mach cta paraformaldehyde.
So véi phé formaldehyde don phan, mau do
van git nguyén dinh C=0 nhung c6 thém céc
dinh C—O-C r6 rét, xac nhan su ton tai cha chubi
polymer. Dong thai, khdng quan sat thdy cac
dinh N-H hodc N-0, chiing té mau khong chia
hgp chat chia nitrogen. Nhu vay, két qua FT-IR
khdng dinh mau la paraformaldehyde c6 do
tinh khiét cao, khong lan tap chat hiru co chia
nitrogen.

Phé FT-IR clia mau ethylene glycol thé hién
rd cac dac trung ctia mét hop chat diol mach
thdng va truing khdp gan nhu hoan toan véi phd
chuén. Dai hap thu rong tai 3.297 cm™ dugc gan
cho dao dong kéo gidan O-H, phan anh sy hién
dién cla lién két hydrogen néi va lién phan tu.
Cac dinh tai 2.936 cm™ va 2.872 cm™ tuong Ung
véi dao déng kéo dan C-H cla nhém —CHz-,
trong khi dai 1.410 cm biéu thj dao dong bién
dang &(C-H). Bac biét, tin hiéu manh & 1.032
cm’ [a dac trung cho dao déng kéo gidn C-O clia
nhom hydroxy gan vao carbon bao hoa, déng
vai tro 13 bang chiing quang phd quan trong xac
nhan cau trdc cla ethylene glycol. Cac tin hiéu
bé sung & 870,64 cm™, 586,65 cm™ va 507,95
cm' dugc gan cho dao dong ngoai mat phang
va dao déng bién dang khung C-C (Hinh 3).

Phé FT-IR clla sdn phdm HS-525 cho
thdy nhiing bién ddi dac trung so véi phd
mau ban dau, phu hgp véi su hinh thanh
nhéom hemiacetal sau phan Gng gilra
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paraformaldehyde va ethylene glycol. Cu thé, mét dai
O-H réng va manh xuat hién tai 3.322,95 cm™ cho thay su
hién dién cia nhdm hydroxy va mang lién két hydro tang
cuong; dinh C-H (sp3) tai 2 vi tri 2.938,98 cm™ va 2.889,86
cm’ tuong Ung véi cdc nhédm methylene tu ethylene
glycol; trong ving van tay (fingerprint) xudt hién dinh
dién hinh cla lién két C-0-C tai 1.010,47 cm™, cling cac
tin hiéu b8 trg & 1.291,11 cm™ va 1.420,63 cm™ lién quan
dén bién dang —CH2~/CH2-0, cho thdy su hinh thanh lién
két acetal/ban acetal (Hinh 4). Dong thdi, cac dinh dién
hinh clla nhém aldehyde C=0 (khodng 1.720- 1.740 cm™)
gan nhu bién mat trong HS-525, chiing td nhom aldehyde
da bi tiéu thu trong qua trinh phan ing. Su xuat hién thém
cac dai ¢ 883,95 cm™ va 518,09 cm™ ¢6 thé phéan anh dao
dong ddc trung cla hé vong 5- hoac 6-thanh vién, tuong
Ung Vi cdu trdc hemiacetal vong. Nhu vay, bién dgi vi tri
va cudng d6 cac dinh FT-IR tang cudng dai O-H, xuat hién
dinh C-0-C & 1.010,47 cm™", mat dinh C=0 va cac thay ddi
trong viing CH bién dang da cung cap bang ching quang
phéd rd rang rang phan tng téng hgp da dién ra thanh
c6ng va san phdm chda nhdm chiic hemiacetal, véi muc
chuyén déi aldehyde sang ban acetal gan nhu hoan toan.

3.2. Nghién citu anh huéng cia ham lugng HzS ban déu
dén kha néng khit cia héa phdm scavenger

3.2.1. Nghién ctu anh huéng cia ham lugng HzS ban dau tai
nhiét do thuong

Nhom tac gid xay dung hé théng thi nghiém kha

nang khir HaS clia héa pham 16ng phdng theo thiét ké thi
nghiém cta Mendez va Magalhaes [9] trong Hinh 5.

Nguyén ly ctia hé thir nghiém goém 4 buéc:

Budc 1: Bom lién tuc dong khi bao gém hén hop N2/
H2S theo mot ty |é xac dinh qua 1 thiét bi phan (ng (cell
thay tinh) cé chfa mot ham lugng xac dinh nudc via hoac
nudc pha theo ham lugng ion clla mau nudc tai gian RP3;

Budc 2: Lién tuc do ham lugng khi H2S trong hé cho
dén khi hé dat ham lugng nhat dinh;

Budc 3: Bom 1 lugng hda phdm khir HzS da tinh toan
tU trudc vao binh phén ting dé dat dugc ham luong mong
muén;

Budc 4: Ghi lai ham lugng ctia khi H,S trong suét qua
trinh cho dén khi ham luong dat trang thai 8n dinh [7].

Cac két qua do dugc nham danh gia dugc 2 yéu té
anh hudng dén qua trinh khir HaS cia héa pham bao gém:
ham lugng H2S can x{ ly ban dau va ty 1& hoa pham khr
H2S/ham lugng khi H2S. Cac két qua dugc danh gia & 2
diéu kién nhiét do la nhiét d6 thudng va 55°C. Trong thi
nghiém danh gia anh hudng clia ham lugng khi H2S ban
d4u dén kha nang khir Ha2S ctia héa phdm HS-525, ham
lugng héa phdm dugc lua chon dé thd nghiém Ia 1.000
ppm. Kha ndng khir cia héa phdm HS-525 dugc danh gia
dua trén 4 tiéu chi gom:

Ay

yo

©)

O

Hinh 5. M hinh thit nghiém chdt khir HzS.

Bding 4. Ham lurgng fon trong mdu nudc tai gian RP3

[ 4 \
Ny | |HsS
a Mg
Ham lugng (mg/l) 11.336 33
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- NOng d6 HaS dat thap nhat trong

Nong d H,S (ppm)

600
thai gian thi nghiém;
500 1 - Thai gian can thiét dé dat ham
400 - lugng khi H2S thap nhét (t_ );
300 A - Thdi gian st dung hét 95% dung
lugng hap thu cta héa pham (t,.);
200
- T6ng ham lugng khi H2S bi hap
100 A thu.
0 T T T T Cac két qua thi nghiém thé hién &

0 10 20 30 40 50 0 Hinh6-8.
Thdi gian (pht)
0 ham lugng 500 ppm H,S dau vao,
Hinh 6. Duong biéu dién ham lugng khi HzS theo thoi gian vdi chdt khir HS-525 héa phdm thé hién hiéu suat khi rat tét.

@ nhiét dd thudng ham lugng ban dau 500 ppm. Ham Iuong H,5 gidm xuéng thap nhat

con 287 ppm sau khodng 11 phut phan

Nng d9 H,S (ppm)

1.100 ung, chénh 213 ppm so véi ham lugng
1.000 4 ban dau. Th&i gian s dung hét 95%
900 - cdng suat hap thu la 28 phut, cho thay
héa phdm khéng chi phan (ing nhanh

800 1 trong giai doan dau ma con duy tri kha
700 1 nang khur trong thai gian tuong déi dai.
600 A Dac biét, téng luong khi H,S duoc hap
500 thu dat 3.300 ppm, mét két qua an tugng
0 10 20 30 40 50 60 70 néu xét trén ham lugng héa pham su

Thai gian (pht) dung. Diéu nay cho thdy héa phdm hoat
Hinh 7. Dutng biéu dién ham iong khi HoS theo th gian voi hat khi HS-525 dongrat hiéu qua 6 viing ham lidng H,S
G nhiét d6 thung ham lugng ban ddu 1.000 ppm. thap, phu hgp v6i muc tiéu x ly khi doc
trong cac tinh huéng kiém soat ban dau
hoac ham lugng thap kéo dai.

1.600
15004 & muc ham luong H,S trung binh la
14001 1.000 ppm, hda phdm van gilr dugc téc
do6 phan tng nhanh véi thaigian t_ 1a
1:8: 1.300+ 10 phut. Ham lugng H2S sau phan ung
£ 1200 giam xudng 730 ppm, dé giam tuyét déi
= 1.1004 khoéng 270 ppm. Thai gian duy tri hiéu
1.000 qua khtrcing gidm con 26 phut. Mac du
10 20 30 40 50 60 70 vay, téng lugng H,S dugc hap thu van
Thai gian (phiit) dat gia tri dat 3.325 ppm, tuong duong

Hinh 8. Butng biéu dién ham lugng khi HzS theo thai gian vdi chdt khir HS-525 vi mdc ham luong 500 ppm khi H,5

G nhiét dp thuong ham luigng ban déu 1.500 ppm. ban dau.

Bdng 5. Bang thong s6 khd ndng khik ca HzS ctia 1.000 ppm héa phdm HS-525 tai cdc ham lugng ban ddu khdc nhau & nhiét d6 thutng

m Ham lugng H,S Ham lugng H,S thap nhat tmin tos Tong lugng khi H,S hap thu
(ppm) (ppm) (phut) (phut) (ppm)
1 500 287 N 28 3.300
2 1.000 730 10 26 3325
3 1.500 1.245 98 24 3.319
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Khi ham lugng H2S dau vao tang lén
dén 1.500 ppm, hiéu suat khi ti€p tuc
gidm manh. Ham lugng thdp nhat dat
dugc la 1.245 ppm. Thoi gian dat ham
lugng thap nhat 1a 9,8 phat nhanh nhat
trong 3 trudng hgp cho thay phan tng
van dién ra nhanh chdng. Tuy nhién, thgi
gian duy tri hiéu qua ngan nhat, chi con
24 phut. Mac du téng luong H2S hap thu
van cao (3.319 ppm), gan bang 2 trudng
hgp trudc, nhung hiéu suat x ly giam rd
rét, phan anh hién tugng héa phidm bi
bao hoa nhanh chéng trong méi trudng
H2S cao.

Tu 3 thi nghiém c6 thé thay, téc dé
phan Ung cta chat khit HS-525 sé tang
dan theo ham lugng H2S ban dau: khi tang
tU 500 ppm [én 1.500 ppm thai gian phan
Ung gidm tu 11 phat xuéng 9,8 phut.
Nguyén nhan do khi ham lugng H-S tang
lén cac phan ti chat khir dé dang “bat
gap” cac phan ti H2S, dan dén sé lugng
va cham tang lam tang téc d6 phan dng.
Bén canh viéc thai gian t_ gidm thi t,,
cling ty Ié nghich v&i ham lugng H2S ban
dau; lugng khi cang nhiéu cang lam giam
thai gian duy tri ctia chat khir. Bay la mot
tin hiéu t6t, vi khi két hgp véi dir liéu vé
téng ham lugng khi Hz2S da phan ung c6
thé thay trong ca 3 trudng hop véi ham
luong dau vao khac nhau thi téng lugng
khi H2S bi khit c6 gia tri gan bang nhau.
Diéu nay cho thay kha nang hap thu HzS
cta héa phdm khéng phu thuéc vao ham
lugng dau vao, nén c6 thé sit dung trong
cac diéu kién ham lugng HaS khac nhau.
Do do, viéc t,, gidm chi la ddu hiéu cla
viéc toc d6 phan ng tang manh khi ham
lugng ban dau tang lén nhung khéng lam
anh hudng dén kha nang khi cta hoa
pham.

600
5504
500

= 450

54001

2350

53004

2250

= 200
150+
100

0

10 20 30 40 50 60 70
Thoi gian (pht)

Hinh 9. Dutng biéu dién ham lugng khi HaS theo thoi gian véi chdt khir HS-525 & nhiét d 55°C
va ham lugng ban ddu 500 ppm.

1.100

1.0004

900 1
800 1

Nng dd H,S(ppm)

7001

600 4

500
0 10 20 30 40 50 60 70

Thai gian (phit)

Hinh 10. Duong biéu dién ham liong khi HzS theo thoi gian vdi chdt khir HS-525 & nhiét d6 55°C
va ham lugng ban ddu 1.000 ppm.

0 10 20 30 40 50 60 70
Thai gian (phut)

Hinh 11. Dudng biéu dién ham luiong khi HzS theo thoi gian vdi chdt khir HS-525
G nhiét dg 55°C ham lugng ban ddu 1.500 ppm.

Bdng 6. Thong s khd ndng khi cia H.S ctia 1.000 ppm ha phdm HS-525 tai cdc ham Iutgng ban ddu khdc nhau 6 55°C

- Ham lugng H,S Ha'm qung H,S toin tos Tong lugng khi H,S
(ppm) thap nht (ppm) (phut) (phut) hép thu (ppm)

1 500 287 8 22 3.335

2 1.000 710 8 21,8 3.314

3 1.500 1225 8 22 3.451
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3.2.2. Nghién ctru anh hudng cta ham lugng
H:S ban dau tai nhiét d6 55°C

Bang 6 thé hién két qua khao sét hiéu
qud hap thu khi H2S ctia mét héa pham tai
3 muc ham lugng dau vao khac nhau: 500
ppm, 1.000 ppm va 1.500 ppm.

& ham lugng 500 ppm H:S dau vao, hoa
phdm cho thdy kha nang hap thu tét véi ham
lugng H:S thap nhat dat 287 ppm. Thai gian
can thiét dé dat gia tri nay la 8 phut, cho thay
phan tng hap thu dién ra tuang doi nhanh.
Gid tri t,, tai diéu kién nay la 22 phut, phan
anh thai gian ma héa pham van duy tri kha
nang hap thu dang ké trudc khi bao hoa.
Téng lugng khi H2S bi hap thu dat 3.335 ppm
cho thay hiéu suat s&r dung héa phdm rat tot.

Khi tang ham lugng H:S ban dau lén
1.000 ppm, ham lugng thap nhat sau hap
thu la 710 ppm. Tuy nhién, thdi gian t
van gilr nguyén & 8 pht va t,, chi gidm nhe
xuéng 21,8 phut. Téng lugng khi H2S hap thu
dat 3.314 ppm, gan tuong ducng vai trudng
hgp 500 ppm. Diéu nay cho thdy mac du
hiéu qud gidm ham lugng HaS tuc thai suy
giam khi ham lugng dau vao tang, nhung
dung lugng hép thu téng thé ctia héa pham
van dugc duy tri 6n dinh. Diéu nay cé thé
dugc ly giai do su giGi han trong t6c d6 hap
thu hodc su canh tranh gi(ta cac phan t Ha2S
tai cac vi tri hap thu.

min

Tai ham lugng H2S ban dau cao nhat la
1.500 ppm, ham lugng H2S thap nhat ghi
nhan dugc la 1.225 ppm. Tuy nhién, ca t
va t,, déu duoc duy tri & 8 phit va 22 phut,
tuang tu vaéi 2 diéu kién trudc dé. Dac biét,
téng lugng khi H2S hap thu tang Ién 3.451
ppm, la gia tri cao nhat trong 3 diéu kién
khao sat. Két qua nay cho thay khi tai lugng
khi dau vao tang, héa phdm van cé kha nang
ti€p tuc hap thu thém H:S. Viéc téng luong
khi hap thu tang l1én phan anh kha nang tan
dung t6t cac tdm hoat déng ctia hda pham
trong diéu kién tai cao.

Dua trén dif liéu trong Bang 5 va 6, thé
hién hiéu qua khtt HzS ctia héa phdm HS-525
tai nhiét dé 25°C va 55°C, c6 thé nhan thay
rang nhiét dé c6 anh hudng ro rét dén téc

dé phén Ung va kha nang hap thu H2S ctia hda pham nay.

Tai nhiét d6 55°C, thai gian dé dat ham lugng H,S thap nhat la 8 phat
cho ca 3 muic ham lugng ban dau (500, 1.000 va 1.500 ppm). Trong khi
do, tai nhiét d6 25°C, t__lan lugt la 11 phat, 10 phat va 9,8 phut cho 3
ham lugng tuong Ung. Nhu vay, khi nhiét d6 tang tur 25°C 1én 55°C, thdi
gian can thiét dé muc khir H2S thap nhat gidm xuéng khodng 2 - 3 phut,
cho thdy phan (mng dién ra nhanh hon dang ké khi dugc gia nhiét. Diéu
nay phan anh dac tinh tang tdc d6 phan tiing héa hoc theo nhiét d6 theo
dinh luat Arrhenius.

Bén canh d6, thai gian sir dung 95% kha nang hap thu cling gidam
manh khi ting nhiét do. 3 nhiét d6 25°C, t,, dao dong trong khoang
24 - 30 phat, trong khi tai nhiét d6 55°C, t,, chi con 21,8 - 22 phut. Diéu
nay cho thay qua trinh phan ng tai nhiét dé cao dién ra hiéu qua hon
trong thdi gian ngadn hon, gilip gidm thdi gian luu gitt héa pham trong
hé théng, tir d6 t8i uu van hanh. Diéu nay cé thé dugc ly gidi do kha
nang khuéch tan va phan ung bé mat ctia chat khir dugc cai thién dang
ké khi nhiét d6 tang, dan dén t6c d6 phan (ng va hiéu suat xut ly H2S
tét hon.

Vé kha nang khit H2S, ham lugng HzS thap nhat dat dugc tai 2 muc
nhiét khéng cé su khéc biét dang ké, dao dong tur 287 ppm dén 1.225
ppm & ca 2 diéu kién nhiét d6. Tuy nhién, diém ndi bat la téng luong
khi Hz2S hap thu & nhiét d6 55°C ¢6 xu hudng cao hon so véi nhiét d6
25°C. Cu thé, tai ham lugng H2S ban dau 1.500 ppm, lugng khi bi hap
thu & nhiét do 55°C dat 3.451 ppm so véi 3.319 ppm & nhiét do 25°C,
cho thdy hiéu suat khir tang Ién déang ké khi nhiét dé tang.

Tom lai, tang nhiét d6 tir 25°C [én 55°C lam tang téc d6 phan tng,
rat ngan thai gian xtr ly va nang cao hiéu suat hap thu HaS ca héa
pham HS-525. Piéu nay cho thdy viéc gia nhiét la mot yéu té quan
trong va ¢ lgi trong viéc t6i uu hda qua trinh khit H2S bang hda phdm
nay, dac biét trong cac hé théng céng nghiép yéu cau téc dé xt ly
nhanh va hiéu qua hap thu cao.

550
500+
g
= 4504
=
,«Zg

400 4

350 T T T T T

0 10 20 30 40 50 60
Thai gian (phut)
—H,Stylé1/3 H,Stylé1/2 — H,Stylé 11

Hinh 12. Dudng biéu dién ham lugng khi HaS theo thor gian vdi ty 1€ HS-525/HxS = 1/3
@ nhigt dg thuong (500 ppm).
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3.3. Nghién ciu anh hudng cia ty Ié HS-

1.050 525/H:S téi kha ndng khir ciia héa chdt
1,000 4 scavenger
’g 950 - 3.3.1. Nghién cuu dnh huéng cua ty Ié HS-
= 525/H>S & nhiét d6 thuong
= 900 1
;i' 850 - Céc nghién ctu anh hudng cla ty l1é
S HS-525/H2S dugc danh gia & 3 gia tri khac
800 nhau, bao gobm 1/1, 1/2va 1/3.
750 1 K&t qua khao sat kha ndng khirHzS clia
700 . . . . . héa chat HS-525 véi ham lugng dau vao c6
0 10 20 30 40 50 60 dinh 500 ppm va 3 ty I& hoa phdm/ham
Thai gian (phdit) lugng H2S khac nhau cho thay ty 1é hoa
—H,Style1/3 — HStyle1/2 — H,Style 1/1 phdm c6 anh hudng r6 rét dén hiéu qua
hép thu. Khi s&r dung ty 1& 1/1, ham lugng
Hinh 13. Dung biéu dién ham liong khi HzS theo thii gian vdi ty 16 HS-525/HaS = 1/3 H:S gigm nhanh chong xudng mic thap
& nhiét dg thudng (1.000 ppm). nhat la 400 ppm trong vong 10 phut, thoi
gian dat dén 95% ham lugng can bang la
22 phut va téng lugng H:S bi hap thu dat
1,550 1.535 ppm. G ty [& 1/2, ham lugng H:S thap
. 1500 1 nhét chi con 428 ppm, t,, giam xuéng con
g 1450 4 18 phut, va téng lugng hap thu chi con 762
<, 1400 1 ppm. Tai ty 1& thap nhat 1/3, hiéu qua khit
S 1350 o gidm dang ké véi ham lugng H,S téi thiéu
§ 1.300 1 la 450 ppm, t_chi con 6 phit va t,, ngén
1.250 nhat 1a 14,3 phut, téng lugng H2S hap thu
1.200 - dat 495 ppm.
1.150 T T T T T Tai ham lugng 1.000 ppm HaS dau vao,
0 10 00X %0 60 khaning khir HaS clia héa chat HS-525 tiép
Thai gian (phut) tuc thé hién xu hudng ty 1& thuan véi lugng
— HStyle1/3 — HStyle1/2 — HStyIe1/1 héa pham st dung. Véi ty 1& héa phdm/ham
: lugng H2S 1a 1/1, ham lugng H2S giam xuéng
Hinh 14. Dudng biéu dién ham luong khi HzS theo thoi gian vdity Ié HS-525/H:S = 1/3 mc thdp nhét 1a 730 ppm sau 10 phut, t,,

G nhiét dg thudng (1.500 ppm).

Bding 7. Tom tdt cdc thong s6 do ddi véi mdu HS-525 vdi cdc ty 1€ khdc nhau & nhiét dg thuong

Ham lugng ban dau TV lé Ham lugng HaS tin tos Tong luong khi HaS
(ppm) ye thap nhat (ppm) (phut) (phut) hép thu (ppm)
hn 400 10 22 1.535
500 1/2 428 10 18 762
1/3 450 6 14,3 495
1hn 730 10 26 3.325
1.000 172 842 8 16 1.565
1/3 890 5 14 1.015
”n 1.201 10,4 26 4450
1.500 1/2 1.297 8 16 2224
13 1.330 6 14 1.570
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la 26 phut va téng lugng H2S bi hap thu
dat 3.325 ppm. Khi gidam ty lé xuéng 1/2,
ham lugng thap nhat chi con 842 ppm,
thoi gian t_rat ngdn con 8 phut va t95
gidm con 16 phat, véi téng lugng hap thu
la 1.565 ppm. Tai ty |é thap nhat 1/3, hiéu
qua xt ly suy gidm rd rét, khi ham lugng
H,S thap nhét chi dat 890 ppm, t_ la 5
phut, t,, ngan nhat 14 phut va lugng H2S
bi hdp thu chi con 1.015 ppm.

Tai ham lugng 1.500 ppm H2S dau
vao , khd niang khir H2S clia hoa chat
HS-525 ti€p tuc thé hién xu hudng ty lé
thuan véi lugng hdéa pham s dung. Vai
ty 1& hdéa pham/ham lugng HaS 1a 1/1,
ham lugng H2S gidam xuéng muc thap
nhat la 1.201 ppm sau 10,4 phut, thoi
gian dat 95% ham lugng can béang la 26
phut va t8ng lugng H:S bi hdp thu dat
4.450 ppm. Khi gidam ty 1& xuéng 1/2,
ham lugng thap nhat chi con 842 ppm,
thaigiant_ thap rit ngan con 8 phut va
t,; gidm con 16 phut, véi tong lugng hap
thu 1a 2.224 ppm. Tai ty & thap nhat 1/3,
hiéu qud xt ly suy gidm ro rét, khi ham
luong H2S thap nhat chi dat 1.330 ppm,
t . thap la 5 phut, t,, ngan nhat 14 phut
va lugng HzS bi hap thu chi con 1.570
ppm.

K&t qua thuc nghiém véi ham lugng
H2S ban dau khac nhau, 6 thé nhan thay
dnh hudng ré rét ciaty 1& hoa phdm/ham
luong H2S dén hiéu qua xtr ly khi déc cua
hoa chat HS-525. G ca 3 muc ham luong,
khi ting ty I& héa pham tu 1/3 lén 1/1,
hiéu suat khr H2S dugc cai thién dang
ké, thé hién qua 3 yéu té chinh: (i) ham
lugng H:S t6i thiéu dat dugc thap hon,
(i) thoi gian duy tri hdp thu kéo dai hon
va (iii) téng luong HaS bi hap thu I6n hon.

3.3.2. Nghién ctru anh huéng cda ty lé HS-
525/H:S & nhiét @6 55°C

D6 thi biéu dién su thay d6i ham
lugng khi H2S theo thai gian khi s&r dung
héa phdm HS-525 vai 3 ty |é khac nhau
tai ham lugng ban dau 500 ppm cho
thay hiéu qua hap thu HzS tang Ién khi

g d0 H,S (ppm)

Non

550

500 -

450 -

400 -

350 A

300 T T T
0 10 20 30 40 50 60

Thdi gian (pht)
— H,Stylé1/2

— HStjla1/3 — HStjla1/1

Hinh 15. Butng biéu dién ham higng khi H S theo thoi gian vdi cdc ty Ié HS-525/H.5 khdc nhau & nhiét

9 55°C (500 ppm,).
1.100
1.000
E
= 900
=
S
= 800
'<§
700
600
0 10 20 30 40 50 60
Thai gian (phit)
— HStylé1/3 — HStylé1/2 — HStylé 1N
Hinh 16. Dudng biéu dién ham lugng khi'H.S theo thoi gian vdi cdc ty Ié HS-525/H S khdc nhau & nhiét
{6 55°C (1.000 ppm).
1.100
1.000 -
5
s
>, 900 A
x
=
= 800 A
‘(§
700 -
600 T T T T T
0 10 20 30 40 50 60
Thdi gian (phat)
— HStylé1/3 — HStylé1/2 — HStylé1/1

Hinh 17. Butng biéu dién ham lugng khi H_S theo thoi gian vdi cdc ty Ié HS-525/H,5 khdc nhau & nhiét

9 55°C (1.500 ppm).
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Bding 8. Két qud do ddi véi mau HS-525 & nhiét dd 55°C
Ham lugng Ham lugng H,S t t Tong lugng khi H,S
ban dau Tyla thap nhat m > hép thu
: hut hut :
(ppm) (ppm) (phit) (phit) (ppm)
11 350 8 20 1.575
500 1/2 426 7.8 16 794
1/3 440 74 14 504
11 710 8 21,8 3314
1.000 12 820 1,7 16 1.625
13 890 7.8 15 1.105
11 1.158 8 24 4531
1.500 12 1.297 7,5 17 2.265
13 1.330 1,1 16 1.680

tang lugng héa pham. G ty 1& 1/1, ham lugng H,S giam
manh xudng muc thdp nhat la 350 ppm sau 8 phut, sau
dé tang dan va dat trang théi gan nhu én dinh sau khoang
20 phut. Vi ty 1 1/2, gia tri t6i thi€u dat dugc 1a 426 ppm
tai thoi diém 7,8 phut va héi phuc vé muic én dinh nhanh
hon (16 phat). Ty 1& 1/3 ¢6 xu hudng hiéu qua thap nhat,
thé hién qua dudng cong c6 muic gidm thap réd rét va phuc
héi sém.

S8 liéu cho thdy téng lugng H:S bi hdp thu &ty 1é
1/11a 1.575 ppm, gan gap doi so véi ty 1& 1/2 (794 ppm).
Diéu nay khdng dinh vai tro quyét dinh cda liéu lugng héa
pham d8i véi kha nang xd ly khi H2S, dic biét trong diéu
kién ham lugng thap. Hiéu Ung hap thu ré rét nhat g ty lé
cao va ca téc dé phan ting cing dugc kéo dai, cho thay
thai gian tadc dong hiéu qua lau hon.

Khi ham lugng ban dau cta H:S tang Ién 1.000 ppm,
hiéu qua x{t ly cGa hda pham HS-525 van cho thay su phu
thudc dang ké vao ty 1& héa pham. Tai ty 1& 1/1, ham lugng
H2S gidm xuéng con 710 ppm tai thdi diém 8 phut va hoi
phuc sau khodng 21,8 phut la khoang t,, dai nhat trong 3
ty 1&, cho thay hiéu qua duy tri hap thu dugc kéo dai. Véi ty
1& 1/2 va 1/3, ham lugng H2S thap nhat lan luot la 820 ppm
va 890 ppm, vdi t,, rdt ngan con 16 va 15 phut.

Téng lugng HaS dugc hap thu cing phéan anh ré su
chénh léch hiéu suat theo ty lé&: ty 1& 1/1 dat muc hap thu
3.314 ppm, cao gap doéi ty 1& 1/2 (1.625 ppm) va gap hon
3 lan ty 1& 1/3 (1.105 ppm). Dac biét, ty 1& 1/1 cho thay
dudng cong c6 d6 déc rd rét va kha nang duy tri ham
luong thap lau hon, cho thay su bén viing cla hiéu (ng
hép thu trong diéu kién ham lugng khi trung binh.

& muc ham luong cao nhét 13 1.500 ppm, hiéu qua xd
ly khi H2S clia héa pham HS-525 tiép tuc phu thudéc manh
vao ty 1& pha lodng. Ty 1& 1/1 dat muc ham lugng H2S thap
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nhat 1a 1.158 ppm sau 8 phut va phuc héi vé trang thai 6n
dinh sau 24 phut. Trong khi d6, ty 1& 1/2 va 1/3 chi giam
xuéng dugc lan luct la 1.297 ppm va 1.330 ppm, véi thoi
gian héi phuc lan lugt la 17 va 16 phut.

Téng lugng khi H2S bi hdp thu ting dang ké theo ty 1&
héa pham, véi gia tri tuong Ung la 4.531 ppm (ty 1& 1/1),
2.265 ppm (ty 1& 1/2) va 1.680 ppm (ty l& 1/3). Diéu dang
chu y la mac du hiéu suat tuong d6i giam theo ty 1& héa
pham, t8ng khéi lugng khi bi hap thu van ting theo ham
lugng ban dau, phan anh tiém nang tng dung cia HS-525
trong moi trudng ¢6 tai lugng H,S cao.

Kha nang khit Hz2S ctia héa phdm HS-525 dugc danh
gid thong qua cac théng s6 thuc nghiém tai diéu kién
nhiét d6 25°C va 55°C véi 3 muic ham lugng khi H2S dau
vao la 500 ppm, 1.000 ppm va 1.500 ppm. K&t qua thu
dugc cho thay nhiét dé phan tng cé anh hudng ro rét dén
hiéu qua xtr ly ctia héa pham, thé hién qua su thay ddi cta
ham lugng H,S thap nhat dat dugc, thai gian hap thu dac
trung, va téng lugng H:S bi hap thu.

& cing mét ham lugng dau vao va ty 1& héa pham, khi
tang nhiét d6 tir 33°C Ién 55°C, ham lugng H:S thap nhat
sau phan Ung gidm manh, ching té hiéu suat hap thu
tang Ién ro rét. Vi dy, tai ham lugng 500 ppm va ty 1é 1/1,
ham lugng H:S t6i thiéu dat 400 ppm & 33°C, trong khi &
55°C chi con 350 ppm. Tuong ty, & ham lugng 1.500 ppm
va ty 1& 1/1, muc thap nhat la 1.201 ppm tai 33°C nhung
gidm xudng chi con 1.158 ppm tai 55°C.

Thdoi gian dat ham lugng thap nhat cé xu hudng rut
ngan hodc gilr 6n dinh khi tang nhiét do, trong khi t,, €6
xu hudng tang nhe. BPang cha y la téng luong HaS bi hap
thu tdng dang ké & nhiét dé cao hon.

Su céi thién hiéu qud xu ly khi tdng nhiét d6 c6 thé
dugc ly gidi bang viéc nhiét dé cao thuc ddy qua trinh
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khuéch tan khi HzS vao pha ldng hodc vét liéu phan tng,
déng thai tang téc d6 phan tng héa hoc giltia HaS va hoat
chét trong héa phdm HS-525. Ngoai ra, nhiét dé cao c6
thé lam gidm dé nhdt va ting kha nang tuong tac gilra cac
pha, tao diéu kién thuan Igi cho qua trinh chuyén khéi va
phan Uing xay ra hiéu qua hon.

Trong thuc té, hé héa phdm khit HzS khi dugc dua vao
st dung trong hé théng thu gom, x(r Iy va van chuyén dau
khi sé tiép xuc truc tiép vai nhiéu thanh phan cé thé anh
hudng dén hiéu qua xt ly gébm nudc dong hanh, dau thé,
va cac loai hdéa phdm hién dang st dung trong hé thdng
nhu héa pham khit dau trong nuéc, hda pham tc ché Iang
dong mudi vd co, chét Gc ché &n mon, chat diét khuan,
chat pha nhd, chat giam nhiét d6 déng dac.

Viéc danh gia tinh tuong hgp (hoa tan, phan téan,
khong két taa, khéng phan tng phu...) gitta hé héa pham
kha H,S va cac thanh phan trén 1a can thiét nham dam
bdo an toan va hiéu qua khi trién khai cong nghé trong
diéu kién thuc té. Nhom tac gia da danh gia so bo vé
kha nang tuong thich cdia héa phdm HS-525 d8i vai cac
loai héa phdm trong quy mé phong thi nghiém. Két qua
ban dau cho thay HS-525 tuong thich t6t véi cac chat va
khéng xay ra hién tugng tao nhi, két tla, khéng xay ra
hién tugng bat thudng vé tinh chat vat ly.

Véi kha nang phan ing manh ctia héa pham véi khi
H2S, ham lugng héa phdm st dung dugc téi uu. Theo tinh
toan clia nhom tac gid, lugng héa phdm khit HS-525 thai
ra moi trudng kém véi nudc déng hanh dat khoang 0,25
mg/L nudc dong hanh, khong anh hudng dén méi trudng.

4.Két luan

Chat khdr H2S HS-525 méi dua trén paraformaldehyde
va ethylene glycol cho két qua 4n tugng vé t6éc do phan
Ung va kha nang hap thu H,S. Phé FT-IR chiing t6 HS-525
chiia nhém hemiacetal dac trung, pht hgp thiét ké khong
triazine. Trong tat ca cac diéu kién th& nghiém, HS-525
gidm nhanh ham lugng H:S va dung lugng hap thu téi da
theo ty 1&é HS-525/H2S dugc dé xuat la 1:3. Ngoai ra cac
thi nghiém cling d& chiing minh HS-525 c6 kha ndng xt
ly H2S & céc khodng nhiét d6 khac nhau ma khoéng bi suy
gidm chat lugng ctia héa phdm. Nhiing dac tinh nay cho
thay HS-525 hoat déng én dinh dudi cac diéu kién khac
nhau va khic phuc dugc cac nhugc diém cla chat khur
H2S goc triazine nhu c6 pH = 6 - 8 trung tinh, tranh gay
lang dong can Ca** gay tac nghén dudng 6ng, than thién
vGi moéi trudng... K&t qua nghién ctu da xac nhan tinh
kha thi ctia huéng phat trién héa phdm khdr HzS khéng

chua triazine va cung cap co sG dé phat trién va téi uu héa
thanh phan cho céc nghién ctu tiép theo.
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DEVELOPMENT OF A NON-TRIAZINE H,5 SCAVENGER FOR OIL AND GAS
GATHERING, TREATMENT, AND TRANSPORTATION SYSTEMS

Nguyen Minh Tien', Vu Van Duc', Do Thanh Trung', Ngo Thi Nguyen’, Le Huy Thuong?, Nguyen Ngoc Diep?

'PVChem-Tech Company Limited
2Cortek Company Limited
Email: tiennm@pvchem.com.vn

Summary

This study presents the synthesis and performance evaluation of a non-triazine hydrogen sulfide (HS) scavenger, designated as HS-525,
prepared from paraformaldehyde and ethylene glycol. FT-IR analysis confirmed the formation of characteristic hemiacetal linkages, indicating
successful synthesis and the absence of nitrogen-containing structures. Experimental investigations assessing the effects of H2S concentration,
temperature, and scavenger-to-gas ratio indicate that HS-525 reacts rapidly with HzS, maintains stable scavenging capacity across a wide
range of tested conditions, and exhibits high absorption performance even at elevated H:S concentrations. Increasing temperature enhances
both reaction rate and removal efficiency, while higher scavenger dosage provides superior performance. Under neutral pH conditions,
HS-525 does not cause corrosion or calcium carbonate precipitation and is more environmentally benign than conventional triazine-based
scavengers. The study results demonstrate the potential of developing non-triazine H,S scavengers for oil and gas collection, treatment, and

transportation systems.

Key words: Hydrogen sulfide, non-triazine, pipeline, alpha-hydroxy alkyl, corrosion.
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TRIEN VONG NANG LUGNG TOAN CAU BEN NAM 2050

Trong Bdo cdo “Trién vong nang luong todn cau” (World Energy Outlook 2025) [1], Co
quan Nang luong Québc t€ (IEA) dd phan tich cdc xu hudng mdi nhat vé cong nghé, thi
trudng va chinh sdch nang luong, déng thai phan tich cdc van dé lieén quan dén an ninh
ngudn cung, khd nang chi trd va tinh bén vimg trong quad trinh chuyén dich nang luong
todan cdu.

Trong Bo céo “Trién vong nang

|Udng toan cau” n3m 2025 1], IEA Kich ban chinh sach hién hanh (CPS)

danh gia xu huéng cung - cau nang 2000 2024 2050
lugng trong 4 kich ban g(’jm; chinh Nhu cau dau va khi khong dat dinh I
sach hién hanh (CPS), chinh sach 200 — 0

~ A P'e o A - o Dé‘u .
da cong bo (STEPS), tiép can ndng Than d4 _—

lugng toan dién (ACCESS) va phét o e .

thai rong bang 0 vao nam 2050 =
(NZE). Ddc biét, IEA so sanh CPS va

STEPS, phan tich su thay doi clia cac 100

loai nhién liéu va cong nghé, danh Khi tu nhién

gia tac dong ctia 2 kich ban nay doi
vdi an ninh ndng lugng, xu hudng
dau tu va kha nang chi tra.

50

Kich ban CPS )
: Mot s6 khu vuic ¢6 su cham lai trong giam cudng do
IEA du bdo nhu cau ning luong néng lugng va tang truéng nang lugng tai tao
toan cau tang 1,2%/ndm dén nam Giam trong tiéu thy nang lugng Cong sué’t‘dién mét trdi va dién gi6 toan cau
2035, tuong duong téng nhu cau cudi cting trén mt don vi GDP 28;““9 hang nam
nang lugng cla My hién nay. Céc z 2l 8 § g §
nén kinh t€ méi ndi va dang phét . v grgngl gl g
trién chiém 90% mdc tang trudng 05% e o990 pién mat troi
. o " a Lo e e [T ne e M
nay. Sau ndm 2035, toc do tang 05% MM
- A w N 2 -3% S|
trudng nhu cau nang lugng toan cau Cicnénkinh  TrungQuéc  Cacnén kinh té 202 2003 2004 Di€Ngio
giam xudng con 0,8%/nam (Hinh 1, té phat trién thi trudng mdi ndi
) va dang phét trién khéc
Trong s0 cacnén If,inh té mdi noi M§ 1a quéc gia san xudt dau va khi 16n nhat thé gii dén nam 2050,
va dang phat trién, An Do 6 mic san lugng 6 Trung Dong téng manh
tang nhu cau nang lugng nhanh Déu Khi tu nhién Than da
nhat, trung binh 3%/ndm dén nam @ M M
2035. Nhu cdu ning lugng tang Tungpong@® M A

2,6%/ndm 6 khu vuc Dong Nam A KhuvucA-Au ®
' : " ChauA-Théi Binh Duong ‘ ‘ o

2,4%/ndm & khu vuc Trung Dong va

Chéu Phi S &
2,1%/ndm 6 khu vuc chau Phi. Trung Trung va Nam M

Qudc tling chiém hon 1/2 mic tang Chéu Au

nhu cau nang lugng toan cau trong 2024 2035 2050 2024 2035 2050 2024 2035 2050
25 nam qua, nhting sau khi nén kinh Hinh 1. ich ban chinh sdch hién hanh (CPS) il EA 1]
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t€ cla nudc nay thay ddi cau tric, nhu cu
nang lugng cla Trung Qudc chi tang trung
binh 1,1%/nam dén nam 2035, chi bang
1/3 miic tang 3,6%/ndm giai doan 2015
- 2024. Nhu cau nang lugng & cac nén
kinh té phat trién tang trung binh khoang
0,15%/nam dén nam 2035.

Toc do trién khai cong nghé ning

Theo nhién liéu (EJ)

lugng sach va hiéu qua nang lugng giam
@ nhiéu khu vuc trong kich ban CPS, chi
tiép tuc ting 6 mot s6 qudc gia st dung
cdng nghé nang lugng sach véi thi gian
hoan von ngan. Hién nay, hon 40 qudc gia
¢ chinh sdch md rong st dung dién hat
nhan, véi tong von dau tu da tang gap doi
50 vdi ndm 2015, do d6 cong suat dién hat

nhan toan cau theo kich ban CPS dugc du
bdo sé tang thém 1/3 vao nam 2035.

Pa tang trudng cong suat dién mat
troi va dién gié trong nhitng ndm gan
ddy c6 dau hiéu gidgm dan theo kich ban
CPS. Tuy nhién, cong sudt nang luong tai
tao van tang khoang 70% dén nam 2035,
vdi 2/3 cOng sudt dién mat troi va dién gio

Theo khu vuc (E))

250 1.000 <eeeeeemmemmmmemmmes ceeeeieeeieeaias Khu vitc con lai cia thé gici
Chau Phi
200 800  ceeeereeereenieneet ceneeanans - TrungDong
Trung va Nam My
150 600 coeeeeeeeens .. -------IB()ngNamA
] o
. ] - An Do
.............................................................. BN = M Trung Quéc
100 400 -1 ... . ... 9Q
Nhat Ban va Han Qudc
Hat nhan . o
BO T eereeeeeetintiiiiiiiiiiiiiitiite e T e el 200 -- oo . LlenmthhaUAu
2015 2024 2035 2050 2015 2024 2035 2050
IEA. CC BY 4.0.
Hinh 2. Tong nhu cdu nding lugng todn cdu dén ndm 2050 theo kich ban CPS [1].
Nang lugng tdi tao Dau Khi tu nhién Than da Hat nhén
24
18
12
o 6
0
-6
-12
M Trung Quéc An Do I Lién minh chau Au M Bic My Chau Phi
Trung va Nam My W Dong Nam A Trung Ddng | Nhat Ban va Han Qudc
IEA. CC BY 4.0.

Hinh 3. Ting trudng nhu cdu ndng luong toan cdu trong giai doan 2024 - 2035 theo kich bdn CPS [1].
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toan cau dugc lap dat méi 6 Trung Qudc
trong thap ky tdi (Hinh 3).

Nhu cau dau, khong bao gom nhién
liéu sinh hoc, dugc du bdo tang han 5 triéu
thung/ngay 1én mdc 105 triéu thung/
ngay vao nam 2035 va 113 triéu thung/
ngay vao nam 2050 (Hinh 4), chti yéu do
su phat trién ctia linh vuc van ti dudng
b (6 cdc nén kinh té thi trudng mdi noi va
dang phat trién), van tai hang khong va
nguyén liéu dau vao cho linh vuc hda dau.
Nhu cau dau trong linh vuc cdng nghiép
tang 2,1%/ndm dén nam 2035, tang
1,9%/nd@m so véi nam 2015, cha yéu dé st
dung cho linh vuc héa dau.

Dau van la nhién liéu quan trong nhat
dén nam 2050 trong kich ban CPS. Trung
Qudc chiém hon 75% tdng truéng nhu
cau dau toan cau giai doan 2015 - 2024,
nhung trién vong tuong lai dang thay doi
do qud trinh dién khi hda phuang tién van
tai va su chuyén dich dan sang m hinh

Theo linh vuc
120ttt et ea e eaaaaaaan 80 cereeeeereiaas
_ 60 oeeernernanns
g 40 ceeinaannnn.
]
2015 2024 2035 2050 2000
B Xeotd Vén tai hang héa duangbo M Hang khong Vian tai bién
B Héadau Cac nganh céng nghiép khac Il Nha 6 Khac

tang trudng it tiéu ton nang lugng hon.
An D3 sé dan dau tang trudng nhu cdu dau
trong 10 ndm tdi, tang tlr 5,5 triéu thung/
ngay nam 2024 1én 8 triéu thung/ngay
vao nam 2035.

Nhu cau khi tu nhién toan cau dugc
[EA du bdo sé tang Ién khodng 5.000 ty m?
vao nam 2035, trong d6 khi thién nhién
hda 16ng (LNG) tang 60% lén 880 ty m’.
Nhu cau khi tu nhién toan cau dén nam
2050 dat 5.600 ty m?, trong d6 nhu cau
tang manh 6 khu vuc Trung Ddng va cac
nén kinh té dang phat trién 6 khu vuc chau
A. Thi trudng LNG toan cdu téng tir 560 ty
m?® (2024) Ién 880 ty m* (2035) va dat
1.020 ty m* vao nam 2050.

Nguon cung dau ngoai OPEC+ tang
4 triéu thung/ngay dén nam 2035, chiém
3/4 tdng truéng ngudn cung dau toan cau
trong giai doan nay, chi yéu tap trung tai
My, Canada, Guyana, Brazil va Argentina.
Nguon cung dau clia My dat mdc cao ky

luc 21 triéu thung/ngay vao nam 2024,
va du bdo sé tang thém 0,8 triéu thung/
ngay dén ndm 2035 trong kich ban CPS.
Nguon cung dau ctia Canada tang tlr mc
6,1 triéu thung/ngay nam 2024 thém 0,8
triéu thung/ngay dén nam 2035, chd yéu
do g& b6 dugc cac diém nghén trong hoat
dong khai thac dau cat va tang sén lugng
NGL tir cdc mé khi dé phién.

San lugng khai thdc ngoai khai &
Guyana tang tu 0,6 triéu thung/ngay nam
2024 |én thém 1,2 triéu thung/ngay dén
nam 2035. San lugng & Brazil tang tlr 3,5
triéu thung/ngay ndm 2024 thém 1 triéu
thing/ngay dén ndm 2035. San lugng
& Argentina du bdo dat 1,4 triéu thung/
ngay vao nam 2035, mic cao nhat tir trudc
dén nay chl yéu tir dy dn dau chat sit Vaca
Muerta.

Chau Phi san xuat hon 7 triéu thung
dau/ngay vao nam 2024, sau d6 giam nhe
dén nam 2035, va tang trd lai mic 7 triéu

Theo khu vuc

Cac nén kinh té thi trudng mdi ndi
va dang phat trién

Cac nén kinh € phat trién

2024 2035 2050

IEA. CCBY 4.0.

Hinh 4. Nhu cdu ddu toan cdu dén nam 2050 theo kich bdn CPS [1].

DAU KHi - SO 4/2025 87



610 LA 1 SAN, KIEN TAD NANG LUONG QUGE 1A KH“A Hﬂ[: [:ﬁNE NEHE

)
")

m
-
=
=

OPEC+ (triéu thung/ngay)

20

2015 2024

Hinh 5. Ngudn cung ddu dén ndm 2050 theo kich ban CPS [1].

thung/ngay vao nam 2050 trong Kich
ban CPS. Mot sd quéc gia & chau Phi, bao
gom Algeria, Libya, Nigeria, Cameroon va
Angola, da trién khai cac vong cap phép
mdi va stta doi chinh sach d€ thu hdt dau
tu. Mot so phat hién 16n gan déy, bao gom
2 phat hién 6 Namibia va (6te d'lvoire, sé
mat thoi gian dé tao ra nguon cung méi.

Nguon cung tir OPEC+ du kién tang
tUr mdc 50 triéu thung/ngay nam 2024 Ién
51 triéu thung/ngay nam 2035 va dat 63
triéu thung/ngay nam 2050 theo kich ban
(PS. San lugng OPEC+ ndm 2050 cao hon
15% (8 triéu thung/ngay). Doanh thu thuc
té hang ndm cla cac thanh vién OPEC+
tir san xudt dau tang tlr 1,4 nghin ty USD
nam 2024 |én 1,7 nghin ty USD nam 2035
va 2,5 nghin ty USD ndm 2050, cao hon
khodng 25% so v6i miic nam 2022.

Saudi Arabia dan dau tang trudng
san luong dén nam 2035 khi phat trién
cdc md mdi trén bd va ngoai khai, tang
san lugng NGLs va khai thadc mé khi phi
truyén thong khong 16 Jafurah. San lugng
dau tho cla Saudi Arabia, khong bao gom
NGLs, tang vuot cong suat 12 triéu thung/

88  DAUKHI- SO 4/2025

Ngoai OPEC+ (triéu thung/ngay)

2035 2040 2045 2050

CAONUGCKRAC  ooeerrmmrmmoe meeeeieeiee Céc nuéic khac
Venezuela Trung Dong
Nigeria Chau Phi
1 Kuwait N em o | E GauAu
|
| UAE Trung Qudc
B Iraq . l l l M Brazil, Guyana
B Ian va Argentina
* M Nga (anada
M Saudi Arabia My
2015 2024 2035 2040 2045 2050
IEA. CCBY 4.0.

ngay tu gilta nhitng ndm 2040 va vugt 13
triéu thung/ngay vao nam 2050 trong
kich ban CPS.

Nguon cung dau cla Iraq tang nhe
tlr mdc hién nay [én 4,6 triéu thing/ngay
vao nam 2035, trong khi UAE tang san
lugng thém 0,6 triéu thung/ngay Ién 4,8
triéu thung/ngay vao nam 2035.

Trong trudng hgp tinh hinh quan
hé qudc té dan binh thuong hda trd lai,
nguon cung dau tir Lién bang Nga, Iran
va Venezuela duy tri 6n dinh dén ndm
2035 va sau d6 tang trong dai han 4 triéu
thiing/ngay dén nam 2050, dat 20 triéu
thung/ngay vao ndm 2050. Tuy nhién,
néu cac lénh trimg phat tiép tuc kéo dai,
nguon cung dau sé dugc bé sung tir My,
(anada, Brazil va cac quc gia nam gidf
tai nguyén I6n khac ¢ Trung Dong, nhung
diéu nay sé doi hoi von dau tu bo sung va
rat co thé kéo theo gid cao han.

Nguon cung dau cla Lién bang Nga
giam 0,3 triéu thung/ngay ndm 2024
xudng 10,7 triéu thing/ngay, chd yéu do
cdc [énh trling phat, chi phi tang va thach
thiic vé co s6 ha tang. Ngudn cung duy tri

quanh mic nay cho dén ndm 2050 trong
kich ban CPS, nhd tién trién cta du an
Vostok Oil vao nhiing nam 2030 va tang
trudng san lugng tir cdc nguon tai nguyén
dang kho tiép can.

Tong cong sudt loc dau méi di vao
hoat dong trong giai doan 2024 - 2035
dat khodng 9 triéu thung/ngay, song
cling c6 cac nha mdy loc dau dong cta
vdi tong cdng suat khoang 5 triéu thung/
ngay, khién san lugng loc dau chi tang
rong 4 triéu thing/ngay. (ong suat loc
dau & khu vuc chau A tang rong khoang
3 triéu thung/ngay trong giai doan nay.
(ong sudt loc dau 6 chau Au gidm tir 16
triéu thing/ngay nam 2024 xuéng con 2,5
triéu thung/ngay vao nam 2035.

Nhu cau dién toan cau tang trung
binh 2,9%/ndm trong thap ky qua. Trung
Qudc chiém 2/3 mc tang trudng nay. Nhu
cau dién ciing ting nhanh & An D6 va khu
vuc Dong Nam A, véi téc do ting trudng
trung binh trén 5%/ndm. Theo kich ban
CPS, IEA du bdo nhu cau dién toan cau
tang 3%/nam (gan 1.000 TWh/ndm) dén
nam 2035.
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2000 2024 2050
@)

Mdc cos6(2024) —-——-——--

Nang lugng tai tao: phat dién (TWh)

Nang lugng tai tao: cdng sudt bd sung (GW)

Nhu cdu dau (triéu thung/ngay

Nhu cau than d4 (triéu tan quy d6i)

at muctol da vao knoang nam 20

Nhu cau khi tu nhién (ty m?)

Phét thai €0, (Gt C0,)

Nhu cdu ddu cho van tai hang khong (PJ)

Nhu cau dau cho héa dau (PJ)

Dién hat nhan (TWh)

®
\— Dat dinh trudc ndm 2030, sau d6 giam nhanh

Strdung than da trong phat dién (triéu tan quy doi)

Giam xudng 71% vao nam 2035

Hinh 6. Kich bdn chinh sdch dd cong bd (STEPS) cda IEA [1].
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Tong nhu cu nang lugng

Tang trudng trung binh ndm

240 2AYD oo

180 - (.7 S—

’|20 ‘],2% .........................................

60 0,6% .................................

Hat nhén
2015 2024 2035 2050 Tong nhu cau Nangluong  GDP binh quan
nang lugng hiiu ich dau nquoi
2015-2024 W 2024-2035
IEA. CC BY 4.0.
Hinh 7. Tong nhu cdu néing lugng giai doan 2015 - 2050 theo kich ban STEPS [1].
Dau (triéu thing/ngay) Khi tu nhién (nghin ty m?) Than da (ty tan quy ddi)

120 covreerreeeri e G  secrsesrnesracsiansennssenssrnessnssrasss £ sesesesssecvecsvecsiBliceiiiesesnesnanss
100 creererreeere e e [ YTTRURRUIRUITIUTTURTOURR SSPRNNY. CTIeN
80 O N AU P
60 3 s
40
20

2000

2024

I Cicnén kinh té€ phét trién

2050

2000 2024

Cac nén kinh t€ thi trung mdi ndi va dang phat trién

2050

2000 2024 2050

Nhién liéu qudc té
IEA. CC BY 4.0.

Hinh 8. Nhu cdu nhién liéu héa thach dén ndm 2050 theo kich ban STEPS [1].

Trong kich ban CPS, IEA du béo ty Ié
nang lugng tai tao trong tong san lugng
dién toan cau tang tlr 1/3 ndm 2024 Ién
gan 1/2 vao ndm 2035. Trong dd, cong
sudt dién mat troi va dién gio bo sung
hang nam trung binh dat lan lugt 540
GW va 150 GW dén nam 2035. Theo kich
ban CPS, tong chiéu dai ludi dién toan cau

90
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tang 25 triéu km tir nam 2024 dén 2035,
tdng 30% so vdi hién nay, va tang thém 40
triéu km dén nam 2050.

Kich ban STEPS

Kich ban STEPS (Hinh 6) dugc IEA
thiét k& d€ phan anh xu huéng phat trién
chti dao cla hé thong nang luong dua trén

viéc nghién ctiu chi tiét cac chinh sach
ndng lugng, khi hdu va cdng nghiép lién
quan theo ting qudc gia da dugc thong
qua hodc dé xudt, ngay ca khi chua dugc
quy dinh thanh ludt. Kich ban nay phén
anh hién trang cong nghé va diéu kién thi
truong nhung khdng bao gom cac muc
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Theo linh vuc Theo khu vuc
‘|00 .................................................. 80 ..............................................................
Cac nén kinh té thi trugng mi ndi
_ va dang phat trién
g s 60
2 50 40
=
25 20
2000 2024 2050 2000 2024 2050
M Xedto [7 Véntdihang héaduongbd M Hang khong Van tai bién
M Héa dau I (acnganh cong nghiép khac @ Nha & Khéc A CCRY A0,
Hinh 9. Nhu cdu ddu toan cdu dén ndm 2050 theo kich bén STEPS [1].
Theo khu vuc Theo danh muc
100%
80%
g
E, 60%
= 40%
20%
2000 2024 2050 2000 2024 2050
I Trung Dong [ Bac My B KhuvucA-Au B Trén bo I Ngoai khoi
Chau A -Thai Binh Duong M Trung va Nam M§ [ Chau Phi B NGLs Dau chit sit
M ChauAu D&u siéu ning va bitum & khac IEA. CC BY 4.0.
Hinh 10. Ngudn cung ddu toan cdu dén ndm 2050 theo kich bdn STEPS [1].
tiéu tham vong. dugc cai thién nhanh chong 1én 2,2%/  va van tai hang khong tiép tuc tang dén

Tong tiéu thu nang lugng cudi ciing
tang 1% moi nam dén nam 2035, trong
d6 An Do va cic nén kinh t&€ méi ndi va
dang phat trién khac dan dau vé tang
truéng nhu cau. Toc do tang truéng cham
han thap ky trudc do hiéu qua ndng lugng

nam, thic ddy bai qua trinh dién khi héa
ngay cang tang 6 cac linh vuc st dung cudi
cung.

Nhu cdu dau dat dinh 102 triéu
thung/ngay vao khodng nam 2030 trudc
khi giam dan. Nhu cau dau cho hda dau

nam 2035 va 2050. Nhu cau khi tang gan
1%/nam dén nam 2035, duoc ho trg béi
nguon cung doi dao va cac du an LNG Ién
& My va Qatar.

Tur sau ndm 2030, nang lugng tdi tao
dugc du bdo o thé dap (ing toan bd nhu
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PET Al

610 LA 1 SAN, KIEN TAD NANG LUONG QUGE 1A KH“A Hﬂ[: [:ﬁNE NEHE

Z
")

@

T8
T o et et
=
2 05 B B B QG
2
§_ 0
2
_0’5 ............................................................................................................................................................
_‘] .........................................................................................................................................................................................
_],5 ......................................................................................................................................................................................................
= = 5 5 3 = >z = 8 = g S
< cl oS ] < = S = ] = =
g £ = S 5 & s ¢ £ 2 ¥
E = = = =
A <
IEA. CC BY 4.0.
Hinh 11. Thay d6i nqudn cung ddu tai mét s6 quéc gia giai doan 2024 - 2035 theo kich ban STEPS [1].
Dau (triéu thing/ngay) Khi ty nhién (nghin ty m?) Than da (ty tan quy ddi)
115
105
95
85 e 3 e 3 e

2010 2050 2010

2050

Dau: M Van tai hanh khdch duong bd ™ Van tai hang hda dudng bo Khivathanda M Dién - Gicnén kinh té Dién - Cac nén kinh t€ méi ndi

N phit trién va dang phat trién
I Van tdi khac (6ng nghiép Cong nghiép Nha &
Khac Khac IEA. CC BY 4.0.

Hinh 12. Nhu cdu nhién liéu héa thach @n ndm 2050 trong kich bdn STEPS va nhu cdu bd sung trong kich bdn CPS [1].

cau ndng lugng bé sung trén toan cau. Ty
trong dién ndng lugng tdi tao tang tlr 1/3
hién nay 1én han 1/2 vao ndm 2035 va 2/3
vao nam 2050, dan dau la nang lugng mat
troi va dién gio vdi su ho tro tir pin luu tr.
Viéc nang cap ludi dién va cac nguon dién
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diéu phdi la yéu t6 then chét dé duy trian
ninh nang lugng. San lugng dién hat nhén
tang 40% dén nam 2035, duy tri ty trong
9% trong tong san lugng dién.

Theo kich ban STEPS, ty trong nhién
liéu hoa thach trong nhu cau nang lugng

toan cau hién nay khoang 79%. IEA du
bdo ty trong nay giam xudng khoang
70% vao nam 2035 va xuong dudi 60%
vao nam 2050. Ty trong st dung nhién
liéu hoa thach & cac nén kinh té& phat trién
da gidm khoang 10% trong thap ky qua,
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Dau (triéu thung/ngay) Khi tu nhién (nghin ty m?)
120 coooeeeeeems e EIA B e
OPEC OPEC
IEA CPS [EA CPS
110 54 i
ExxonMobil ' .
IEE) ExxonMobil
100 48 BP
|EA STEPS [EA STEPS
| EotaIEnergies
TotalEnergies quinor
QO e She" 4,2 SheII
BP
I Equinor 36
70 3
2015 2024 2035 2050 2015 2024 2035 2050
IEA. CC BY 4.0.

Hinh 13. Cdc kich bén so sdnh nhu cdu ddu va khi toan cdu dén ndm 2050 [1].

Dau Khi tu nhién

Triéu thung/ngay
=

40

2010 2020 2030 2040 2050 2010 2020 2030 2040 2050
M Suy gidm ty nhién Dau tuvao cdc dy an hién ¢6 va da dugc phé duyét e STEPS — (PS
IEA. CC BY 4.0.

Hinh 14. Ngudn cung ddu va khi tu nhién theo cdc kich ban dén nam 2050 [1].

trong khi tang khodng 25% 6 cac nén kinh
té thi truong mdi ndi va dang phat trién.
Trong kich ban STEPS, nhu cau nhién liéu
hda thach giam khoang 15% & cac nén
kinh t& phét trién dén ndm 2035 va tang
khodng 1% & cac nén kinh té thi truong
mdi ndi va dang phat trién, khién nhu cau

nhién liéu hda thach toan cau gidm hon
4% dén nam 2035 (Hinh 8).

Nhu cdu dau toan cau dat dinh 102
triéu thung/ngay vao khoang nam 2030,
sau do giam xudng 100 triéu thung/ngay
vao nam 2035, tiép theo nhu cau giam
trung binh khodng 0,2 triéu thung/ngay

moi nam trong giai doan 2035 - 2050.

Trung Qudc chiém hon 75% miic tang
nhu cau dau toan cau giifa nam 2015 va
2024, va hién nay tiéu thu khodng 16
triéu thung/ngay. Nhu cau dau & Trung
Qudc dat dinh trong kich ban STEPS trudc
nam 2030 va giam xudng khoang 15 triéu
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Nhu cdu dau & An Do ting 2 triéu
thing/ngay dén nam 2035 va tiép tuc
tang cho dén ndm 2050. Nhu cdu dau dén
ndm 2035 tiép tuc tang manh 6 cac khu
vuc chau Phi (1,2 triéu thung/ngay) va
Pong Nam A (1 triéu thing/ngay).

Nhu cau dau & cac nén kinh té phat
trién gidm khodng 1,5 triéu thing/ngay
tur gita nam 2015 dén ndm 2024 va giam
thém 5,3 triéu thung/ngay dén ndm 2035
trong kich ban STEPS. Nhu cau dau giam
cham nhat 6 khu vuc Bac M§, 6% dén ndm
2035, va giam nhanh nhdt & Lién minh
chéau Au véi 30% (Hinh 9).

Nguon cung dau dat dinh vao khoang
nam 2030 theo kich ban STEPS va dén
nam 2035 sé quay tré vé mdc ngudn cung
ndm 2024. Muc tang san lugng cla cic
qudc gia & cac khu vuc Trung Dong, Trung
va Nam My va Bac My dén nam 2035 chd
yéu dugc bu dap cho nguon cung bi sut
gidm tir chau Au, Lién bang Nga va Mexico
(Hinh 10). Ty trong ctia OPEC+ trong tong
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miic hién tai la 50% dén nam 2035 trong
kich ban STEPS trudic khi tang 1én 53% vao
nam 2050 do san lugng tang Ién tir khu
vuc Trung Dong.

Tong nguén cung dau tir khu vuc
Trung Dong tang thém 2 triéu thung/ngay
dén nam 2035, trong d6 san lugng NGLs
tang hon 2,5 triéu thing/ngay trong giai
doan nay. Mot ntia muic tang nguon cung
dau dén tur Saudi Arabia, chi yéu khai
thac tir cdc mo khi condensate, bao gom
ma phi truyén thdng Jafurah va tir cic mo
dau siéu I6n trén dat lién da hoat dong
tUr lau. Qatar tang san lugng gan 1 triéu
thing/ngay, chd yéu la NGL tif md khi siéu
[6n North Field (Hinh 11). UAE tang sén
lugng khodng 0,5 triéu thung/ngay dén
nam 2035, tU mdc 4 triéu thung/ngay cla
nam 2024, nhd viéc mé rong cdc mo hién
hiiu va thu hoi duoc nhiéu NGL hon tir qua
trinh xt Iy khi tu nhién.

Tai khu vuc Trung va Nam M, viéc

tiép tuc phat trién Lo Stabroek & Guyana,
md rdng cac mo nudc sau tién mudi (pre-
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Hinh 15. Ddu tu trung binh hang ndm vao ngudn cung ddu khi dén ndm 2035 theo cdc kich ban [1].
thuing/ngay vao nam 2035. nguon cung dau toan cau duy tri quanh  salt) 6 Brazil va khai thac dau chat sit &

Argentina khién tong nquén cung cda 3
nugc nay tang tur 5 triéu thung/ngay nam
2024 1én 7,5 triéu thung/ngay vao nam
2035.

Nguon cung dau clia My dén nam
2035 dat 21,5 triéu thung/ngay, cao hon
50 vdi mic san lugng 21 triéu thung/ngay
cliandm 2024. My van |a nha san xudt dau
|6n nhat thé gidi dén nam 2050. Canada
b6 sung ngudn cung thém 0,8 triéu
thing/ngay dén ndm 2035, dugc ho trg
béi viéc m@ rong hé thong duong ong va
tang san lugng NGL tir cdc mo dd phién.

Mac du co ké hoach dua cac du an
mdi nhu Trion, Polok-Chinwol va Zama
vao hoat dong trugc nam 2030, tdng
san lugng ctia Mexico van giam 0,8 triéu
thiing/ngay dén ndm 2035. San lugng clia
Venezuela giam 0,3 triéu thung/ngay dén
nam 2035, xudng con 0,6 triéu thung/
ngay.

Dén nam 2035, nhu cau nang lugng
trong kich ban CPS cao hon khoéng 35 EJ
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Hinh 16. Ddu tu vao linh vuc ndng lugng dén ndm 2035 theo kich ban NZE [1].

so vdi kich ban STEPS, tuong duang vdi
nhu cau nang lugng hang nam hién tai
ctia khu vuc Trung Dong.

San lugng tlr cdc mo dau hién tai duoc
IEA du bdo sé suy gidm vdi ty 18 8%/ndm
néu khong 6 dau tu. Khodng 20 triéu
thing dau/ngay tir cac du an chua dugc
phé duyét sé dugc dua vao khai thac trong
kich ban STEPS dén nam 2035 dé dam bao
s can bang cung - cau, va khodng 25 triéu
thiing dau/ngay trong kich ban CPS.

Cac nén kinh t€ mdi ndi va dang
phat trién 6 chau A, bao gm Trung Quéc,
chiém gan 60% lugng dau khi xuat khau
toan cau vao nam 2035 trong ca 2 kich
ban, tang tUr mdc 45% hién nay. Chi phi
nhap khau nhién liéu héa thach cla cac
qudc gia nay tang 40% theo kich ban CPS
trong 10 ndm tdi, dat 1,2 nghin ty USD
vao nam 2035. Mdc du téng dau tu vao
linh vuc ndng lugng theo kich ban CPS
thap han so vdi kich ban STEPS, nhung gia
nang lugng lai cao hon. Dén nam 2035,
dién sé chiém khodng 25% tong tiéu thu
nang lugng cudi ctng trong ca 2 kich ban,
s0 vGi 21% hién nay.

Tong nhu cdu dau, khi tu nhién va
than dé hién nay khoang 520 EJ. Dén ndm
2035, con so nay tang lén khoang 540 EJ
trong kich ban CPS va giam xudng khoang
500 EJ trong kich ban STEPS. Nhu cau dau
toan cau tang trudng véi ty 1é khodng
0,4%/nam dén nam 2035 trong kich ban
(PS, trong khi kich ban STEPS dat dinh vao
khoang nam 2030 va sau d6 giam nhe.
Tang trudng nhu cau khi trong kich ban
STEPS trung binh dat 1%/nam dén nam
2035, so vdi 1,3% trong 5 nam qua va viéc
st dung khi tu nhién trong linh vuc dién sé
cao hon khodng 10% vao nam 2035 so Vdi
hién nay (Hinh 12).

Nhu cdu dau toan cau nam 2050 dugc
|EA du bdo dat 113 triéu thing/ngay trong
kich ban CPS va 97 triéu thing/ngay trong
kich ban STEPS. Nhu cau khi toan cau nam
2050 dat 5.600 ty m? trong kich ban CPS
va gan 4.650 ty m’ trong kich ban STEPS
(Hinh 13).

Kich ban CPS, cac kich ban tham chiéu
cta Co quan Thong tin Nang lugng My
(EIA) va T6 chic (ac nudce Xuat khdu Dau
m0 (OPEC) déu cho thdy nhu cau dau toan

cau o xu hudng tang, véi ca EIA va OPEC
du bao nhu cau dau vao khoang 120 triéu
thung/ngay vao nam 2050. Ngugc lai, nhu
cau dau van duy tri 6n dinh trong ca kich
ban STEPS va cac kich ban tham chiéu
dugc phat trién bai Vién Kinh t€ Nang
lugng Nhat Bén (IEEJ) va ExxonMobil. Cac
kich ban khac cho thdy nhu cau dau toan
cau vao ndm 2050 c6 thé gidam manh han,
dao dong tur 82 dén 89 triéu thung/ngay.

Vai tro quan trong clia dau khi trong
kich ban STEPS va CPS doi hdi phai kiém
soat cac rui ro lién quan dén dau tu vao
linh vuc thugng ngudn, su'san cé cla ¢o s6
ha tang d0 I6n nhu khi tu nhién héa long
(LNG) va cong suat loc dau dé dap ting
nhu cau thi truong va da dang héa nguon
cung.

Su'suy giam san lugng tir cdc m hién
nay la yéu t6 chinh thic ddy dau tu méi
vao linh vuc dau khi. Khodng 90% dau tu
vao Iinh vuc thugng ngudn dau khi hang
nam tir 2019 dén nay da duoc stt dung dé
bu dap san lugng bi suy giam thay vi dap
(ing su tang trudng nhu cau. Néu khong
¢ m6 mdi di vao van hanh va khong c6
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dau tu méi dugc thuc hién, IEA du bdo san
lugng dau dén nam 2035 sé giam trung
binh khoang 8%/ndm, tuong duong véi
khodng 5,5 triéu thung/ngay. San lugng
khi tu nhién dugc du béo giam trung binh
9%/nam (tuong ducng 270 ty m’/nam),
tuang duang vdi san lugng khi hién nay
clia chau Phi.

Trong kich ban STEPS, gan 20 triéu
thung dau/ngay tlr cdc dy an méi sé dugc
dua vao san xudt vao nam 2035 dé dam
bao su can bang gitia cung va cu. Trong
kich ban CPS, con s6 nay c6 thé tang lén
khodng 25 triéu thiing/ngay. Ddi véi khi ty
nhién, khodng 1.200 ty m? khi tir cdc dy dn
mdi sé dugc b sung trong kich ban STEPS
dén nam 2035, va con s nay tang Ién gan
1.500 ty m? trong kich ban CPS (Hinh 14).

Pau tu vao linh vuc thugng nguon
trong kich ban CPS cao hon khoang 10%
50 vdi kich ban STEPS, trung binh khodng
65 ty USD dén nam 2035 (Hinh 15). Trong
kich ban CPS, gia dau toan cau ciing cao
han 10% so véi kich ban STEPS, ¢ muic
khodng 90 USD/thung vao nam 2035;
trong khi d6 gia khi tu nhién tai Lién minh
Chau Au va Dong A cao hon khoang 30 -
40% so vdi kich ban STEPS. Mc gia nay
mé ra co hdi dau tu vao cac nguon cung
méi c6 chi phi cao hon, nhung cling dan
dén lam phat chi phi thugng nguon, khién
viéc phat trién tai nquyén trg nén dat do
han trong CPS so véi STEPS.

Trong kich ban CPS, IEA du béo cic
qudc gia s@ hitu tai nquyén I6n tang san
lugng d€ can béng cung - cau va san lugng
dau clia OPEC+ vao nam 2050 cao han
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15%, tuang ducng 8 triéu thung/ngay.
IEA du bado cac rao can doi véi san xudt va
thuong mai dau 6 cac qudc gia dang chiu
[énh trling phat sé dugc ndi long, nhung
cling ¢6 kha nang cac Iénh tring phat
sé kéo dai dén nam 2050. Trong truong
hap nay, nguon cung dugc bu dap bang
san lugng bo sung tir My, Canada, Brazil
va Trung Dong. Van dé nay doi hdi tang
cudng dau tu vao linh vuc thugng nguon
va co thé dan dén gid nang luong tang cao
han so véi du bdo hién tai trong kich ban
(Ps.

Kich ban ACCESS va NZE

Kich ban ACCESS dé xudt co cau cung
cap dién da dang gom 45% két noi méi tir
viéc mé rong ludi dién, 30% tir ludi dién
nhd, 25% tir hé thong ddc ldp nhu dién
mat trgi gia dinh. Dén ndm 2040, nhu cau
dién toan cau sé tang 270 TWh tlr nquoi
dung méi, chiém 45% miic tang nhu cau
dién sinh hoat 6 mét so khu vuc.

Viéc thu hep khoang cach tiép can
nang lugng trén toan cau can dau tu
khodng 23 ty USD/nam cho linh vuc dién
dén ndam 2035. Theo kich ban ACCESS, IEA
udc tinh tong dau tu can khodng 65 ty
USD, véi mic dau tu hang nam dat dinh
vao nra dau thap nién 2030, dat khoang 5
ty USD. Médc du mdc dau tu nay vé co ban
phu hgp véi miic dau tu hién tai, kich ban
ACCESS cho thdy cd su chuyén dich tir khu
vuc chdu A dang phat trién (chiém 80%
dau tu hién nay) sang khu vuc chau Phi
(can Sahara), khu vuc sé chiém 2/3 dau
tu trong giai doan 2036 - 2040. LPG tiép
tuc la lua chon hang dau, chiém 60% tdng

dau tu trong giai doan dén nam 2040.

Qua trinh chuyén d6i ndng lugng
trong kich ban NZE lién quan dén viéc
trién khai cac cong nghé c6 von dau tu cao,
nhung chi phi van hanh thap, trén toan hé
thdng nang lugng. IEA du bdo téng dau tu
hang ndm vao linh vuc ndang lugng tang
Ién 4,8 nghin ty USD trong thap ky tdi va
tang Ién 5,6 nghin ty USD vao nam 2035
(Hinh 16). Con s0 nay cao hon khoang
70% so véi miic hién tai va cao hon 50%
50 Vi kich ban STEPS.

Viéc tang cuong dau tu vao cong
nghé phat thai thap va hiéu qua ning
luong trong kich ban NZE dan dén dau
tu vao nhién liéu hoa thach giam xudng
con trung binh dudi 350 ty USD/nam vao
nam 2035. Khi nhu cau nang lugng dugc
dap ting bang nang lugng phat thai thap,
san xuat dau va khi tu nhién chi tap trung
@ cac nha cung cap cd chi phi thap. Trong
kich ban NZE, ty 1 nquon cung dau tur
OPEC+ dugc du béo tang Ién khodng 55%
vao nam 2035.

Huy Hoang

Tai liéu tham khao
[1] IEA, “World energy outlook
2025" 2025. [Online]. Available: https://

www.iea.org/reports/world-energy-
outlook-2025.
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