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Wax, asphaltene and solid deposition in infield oil and gas pipelinesis a

major cause of increased pressure loss, reduced throughput and
operational risks. In Vietnam, many infield pipelines were constructed
decades ago without pig launching and receiving facilities or exhibit
complex geometries, which limits the applicability of conventional
mechanical pigging techniques. This paper presents the scientific basis,

international research overview and field-test-based assessment of the
applicability of Foam Pig technology for oil and gas pipeline cleaning in

Vietnam. Based on a critical review of representative international
studies, the paper summarizes major technological advances, advantages
andremaining technical challenges associated with Foam Pig application
in non-piggable pipelines. Particular emphasis is placed on the analysis of
industrial trial data obtained from the MSP-A — MSP-B pipeline at the
Bach Ho field The experimental results are interpreted using the
Herschel-Bulkley rheological model to clarify the influence of key
operating parameters, including driving pressure, gas injection rate and
gel rheological properties, on Foam Pig movement stability and cleaning
efficiency. The results indicate that, when an appropriate rheological
operating window and driving regime are selected, Foam Pig can travel
stably through pipeline bends, maintainsufficient circumferential sealing,

and achieve wax removal efficiency exceeding 90%, while being fully
recovered withoutstructural damage. By integrating theoretical analysis,
field trial results and international experience, this study proposes a

technical evaluation framework for assessing the applicability of Foam
Pig technology to infield pipelines under Vietnamese operating
conditions. In addition, a group of candidate pipelines suitable for Foam
Pig application is identified. The findings provide a scientific basis for the
standardization and wider deployment of Foam Pig technology in

Vietnam’s oil and gas industry.
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Lang dong paraffin, asphaltene va cdn co hoc trong cdc tuyén éng vin
chuyén ddu khi ndi mé la nguyén nhdn lam gia tdng tén thdt dp sudt, suy
gidm lwu lwgng va tiém dn nguy co mdt an toan vdn hanh. Trong diéu kién
thuc té€ tai Viét Nam, nhiéu tuyén 6ng dwoc xdy dwng tir ldu, khéng duoc
trang bi hé théng phéng-thu nhdn pig hodc cé hinh hoc phirc tap, khién cdc
phwongphdppig co hoc truyén théng khé hodc khéng thédp dung dwoc. Bai
bdo nay trinh bay co sé khoa hoc, tong quan cdc nghién cteu va két qud thir
nghiém thwc té vé khd ndng trng dung céng nghé Foam Pig trong lam sach
dworng 6ng vdan chuyén ddu khi tai Viét Nam. Trén co s& tbng hop va phdn
tich cdc cdng bé quéc té tiéu biéu, nghién ctru lam ré nhirng tién b céng
nghé, wu diém va cdc ton tai ky thudtciia Foam Pigkhi dp dung cho cdc tuyén
ong “non-piggable”. Pdc biét, dir liéu thir nghiém tai tuyén MSP-A — MSP-B
mo Bach HO dwoc st dung dé doi chiéu véi mé hinh lwu bién Herschel-
Bulkley, qua dé ddnh gid dnh hwéng ctia cdc théng s6 van hanh nhw dp sudt
bom ddy, lvu lwong khi va ddc tinh gel dén khd ndang di chuyén va hiéu qud
lam sach ctiia Foam Pig. Két qud cho thdy, khi lwa chon phu hop ctra s6 luu
bién va ché dé van hanh, Foam Pig cé thé di chuyén 6n dinh qua cdc doan
cong, dathiéu qud loai bé paraffin trén 90% va dwoc thu hoi nguyén ven, ddp
trng yéu cdu van hanh an toan. Ttr cdc phan tich ly thuyét, thwec nghiém va
kinh nghiém qudc té, bai bdo dé xudt khung ddnh gid khd ndng dp dung
Foam Pig cho cdc tuyén 6ng néi mé tai Viét Nam, dong thoi xdy dung danh
muc cdc tuyén tiém ndng. Két qud nghién citu gép phdn cung cdp co sé khoa
hoc cho viéc chudn héa va mé réng ivng dung cong nghé Foam Pig trong
nganh ddu khi Viét Nam.
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1. M& dau

Trong khai thdc diu khi, qua trinh vén
chuyén san phdm khai thac qua cac tuyén 6ng noi
mé thudng gip vidn dé ldng dong paraffin,
asphaltenevacidncohoc,giy ting tonthatap suat
va suy giadm hiéu suit vin hanh (Singh va nnk,
2000). Viéc vé sinh dinh ky bang pig co hoc 12 giai
phép phé bién, songnhiéu tuyén 6ngtrongcicmo
Viét Nam dwoc xay dwng tir1au va khdng dong bo,
khong c6 hé théng phéng va thu pig
(launcher/receiver) hodc cé hinh hoc phitc tap,
nhiéu doan cong, hodc c6 dwong kinh khic nhau
khién viéc str dung pig clrng truyén thong khong
kha thi.

Trong boi cdnh d6, Foam Pig - dang thoi mém
c6 cau tric x6p dan hoi, co thé nén bién dang khi
di chuyén qua cc khuc cong va chénh tiét dién -
dwoc xem la giai phap tiém nang thay thé. Cong
nghé nay da dwgc ap dung thanh cong & mot s
qudc gia cé diéu kién twong dong, nhw Brazil
(Lima va Alves, 1995) hay Trung Qudc (Gao va
nnk., 2021), va dwgc thir nghiém lan dau tai Viét
Nam trén tuyén MSP-A - MSP-B mé Bach Hoé.

Muc tiéu ctia nghién ctru nay la tong hop co
s& ly thuyét, danh gia két qua thir nghiém va xay
dung khung khoa hoc cho viéc mé rong trng dung
Foam Pig tai cic mo6 dau khi Viét Nam.

Bai bao phén tich, ludn giai cac két qua ap
dung foam pig trong lam sach dwong 6ng van
chuyén diu khi trén thé gi&i, lién hé véi nén tang
ly thuyét va nghién cttu qudc t€ nhdm ruit ra
khuyén nghi cho tng dung & Viét Nam.

Dbiém khac biét ciia nghién ctru nay so véi cac
cong bo trwde do, dd la: (i) xdy dung khung phan
loai va Iwa chon tuyén 6ng phtu hop véi Foam Pig
dwa trén diéu kién dic thu cia thém luc dia Viét
Nam (d6 cong nhd, ap sudt thip, nhiéu tuyén
khong c6 launcher/receiver); (ii) phén tich va déi
chiéu két qua thir nghiém Foam Pig tai MSP-A —
MSP-B v&#i mo hinh lwu bién (Herschel-Bulkley)
dé xac dinh thong s6 van hanh thich hop; (iii) dé
xuat bd tiéu chi ky thuat danh gia kha nang ap
dung Foam Pig cho cic tuyén ndi mo, lan dau tién
tong hop tir két qua thwc nghiém trong nwéc két
hop véi dir liéu quoc té. Cac dong gbp nay tao co
s& khoa hoc cho viéc chudn hda cong nghé Foam
Pig tai Viét Nam.

2. Tinh hinh nghién civu va rng dung foam pig
tronglam sach dwong 6ng van chuyén dau Khi
trén thé gioi

2.1. Co s¢ ly thuyét phwong phdp

Mot trong nhitng yéu t6 quan trong quyét
dinh hiéu qua ctia Foam Pig la dic tinh lwu bién
cta vét liéu gel trong moi twong quan véi diéu
kién bién cua dwong 6ng.

Dong chdy trong dng chiu chi phéi boi hé
phuwong trinh Navier-Stokes, véi ddc thu phi
Newton ctia khéi Foam Pig va khi/condensate
xung quanh. Foam Pig thuong dwoc mé ta bang
chat 16ng Herschel-Bulkley hodc Bingham véi
tham s6 (rng sudt trwgt gidi han (ty), chi s6 lwu
bién (n) va hé s6 d6 nhdét (k) (Chhabra va
Richardson, 2008; Papanastasiou, 1987). Sw
twong tac Pig-thanh 6ng tao ving dém ma satva
ving mang boi tron méng; néu t,/ap lyc day
khong du, hinh thanh sw tregt khi (gas bypass)
lam gidm hiéu suat quét.

O’ nhitng tuyén 6ng c6 nhiét d6 va ap suit
thip nhu tai thém luc dia Viét Nam, viéc lwa chon
khoang gia tri thich hgp cho tyva do nhot biéu
kién (n) la toi quan trong: néu T, qua thap, khdi
Foam Pig s& dé x4y ra hién twong truot khi do
khong duy tri dwgc do kin; ngwoc lai, néu ty, qua
cao, 4p sudt can thiét dé day Pig vuot qua khic
cong sé vwot qua kha ning van hanh thuc té
(Versteeg va Malalasekera, 2007).

Sw cAn bang nay cang tré nén phitc tap khi
xem xét t&i anh hwdng clda diéu kién bién, bao
gbom ap sudt diu vao, nhiét dd chit lwu, va cu tric
hinh hoc dng. Trong truedng hgp khdng dwgc toi
wu, hién twong nit vé hodc bién dang qua mirc
cta khéi Pig c6 thé xay ra, lam gidm hiéu qua lam
sach (Gao va nnk., 2021).

Do d6, mot khung thiét ké bén virng phai dat
trén co s& khao st ctra s6 lwu bién, trong dé Ty,
vatdc dd Pig (U) dwoc diéu chinh d€ ddm bao hiéu
sult van hanh trong pham vi Ap cho phép (Li va
nnk., 2020).

Hiéu qua lam sach dwong 6ng cliia foampig
phu thudc chi yéu vao cac yéu té sau day:

2.1.1. Bdc tinh vat liéu va co ché lam viéc
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Foam Pig la khéi polymer x6p, thwdng ciu
tao tir PHPA hodc PVA c6 thém phugiatao danhoi,
chat boi tron va tdc nhan pha huy (breaker). Khi
duocbom vao dwong dng bang khi nén hodc chat
16ng, Foam Pig di chuyén nhw mot piston mém,
vira ti€p xdc co hoc dé cao sach can bam, vira tao
vung dong réi quét sach sap va asphaltene (Liva
nnk., 2020).

Kha nang lam sach ctia Foam Pig phu thudc
vao ciu truc té bao bot, ty trong, do dan hoi va do
nhét cia gel nén. Cac nghién cru (Gao va nnk,
2021) cho thdy foam c6 ty trong 0,7+1,0 g/cm? va
yield stress 1.000+2.000 Pa dat hiéu qua lam sach
cao ma van dn dinh trong diéu kién 6ng cong c6 ty
s6 R/D < 3.

2.1.2. M6 hinh lwu bién va co s& mé phéng

Foam Pig dwoc mdé td bang mo hinh
Herschel-Bulkley (Papanastasiou, 1987; Chhabra
va Richardson, 2008):

T =1, +ky" 6]

Trong do: t,- ung sudt trwot téi han; k- hé
sd d0 nhét; n- chi s6 lwu bién.

Théng qua mé hinh nay, ta c6 thé xac dinh
dwoc diéu kién di chuyén t6i wu, gi¢i han pha hay
va lwc cdn tong. Cac nghién ctu CFD gan day
(Versteeg va Malalasekera, 2007) cho thay profile
ap sultdoc tuyén va van tdc Pig phu thuéc manh
vao quan hé Ap — 1y.

Trong nghién citu nay, mo hinh Herschel-
Bulkley dwgc lwa chon dé mé ta hoat dong cta
Foam Pig. Do Foam Pig dong thoi cé ba dac tinh:
(i) c6 ng sudttrwot téi han (ty), (i) c6 d6 nhét
phu thudc tdc dd cit (shear-thinning), va (iii) bién
dang dan hoi - nhét dwédi tic dong nén tai khic
cong. M6 hinh Power-law khong phan anh dwgc
rng suit chay - thong s6 quyét dinh kha nang duy
tri d6 kin chu vi can thiét khi di chuyén trong 6ng.

2.1.3. Twong tdc Pig - Ong va nguy co phd hiiy cdu
tric

Cac thlr nghiém chi ra rang viing bién dang
cuwc dai cia Foam Pig xuat hién tai khic cong nho
va cac diém co tiét dién. Khi toc d6 ting ap suit
(ramp-up rate) vugt 0,03 MPa/s, ng suit cit cuc
bd c6 thé vt gidi han dan hoi va pha v khoi Pig.
CFD két hop FSI (Fluid-Structure Interaction) la
cong cu hiru hiéu d€ md phong hién twong nay
(Dengvannk., 2017). Hinh 1 m6 phéng twong tac
gitra foam pig va 6ng van chuyén bang CFD/FSI.

Theo Li va nnk, (2020) va Gao va nnk,
(2021), dwong kinh Foam Pig thwong chiém
khoang 80+90% dwong kinh trong ctia 6ng (D_pig
~ 0,8+0,9 D_6ng): Néu nho hon 0,8 sé gidm kha
ning bit kin, xuit hién dong bypass dan dén giam
hiéu qua lam sach; Néu lén hon 0,9 sé ting ma sat
va nguy co mic ket tai khuc cong.

2.2. Mt s6 trng dung thwc tétrén thé givi

Foam Pig da dwgec trién khai trong nhiéu boi
canh qudc té khac nhau, tir cic tuyén ong offshore
Brazil, hé thdng dwong dai & Trung Quéc, cho dén
cac ng dung dic thu tai chau Au va M. Nhitng
kinh nghiém nay dem lai cai nhin toan dién khong
chi vé nhitng thanh twu ndi bt ma con ca cac vin
dé con ton tai can khic phuc.

Tai Brazil, Lima va Alves (1995) da thw
nghiém Foam Pig cho céc tuyén 6ng ngoai khoi
khong co thiét bi phéng/thu Pig. K&t qua chirng
minh Foam Pig c6 kha ndng vwrot qua nhiéu khic
cong v&i hiéu qua 1am sach dang ké, nhung dong
thoi cling chi ra hién twgng trugt khi khi mat do
hodc do clirng khong dwoc lwa chon phu hop.
Trong khi d6, Deng va nnk. (2017) tai Trung Quéc
da phat trién ky thuit pigging phin doan dé (rng
phoé véi cactuyén 6ng dai. Gidi phap nay gitup gidm
ap suit day nhwng van hanh phirc tap.

Tai Trung Qudc, tuyén O6ng Long-distance
pipelines-Segmental pigging dwoclam sach bang
ky thuatpigging phan doan da gidm ap suitdayva
rui ro ket & dwong dai, ho tro ki€m soat van tdc
Pig. Kh6o khan gap phailating do phirctaplichvan
hanhvayéuciugiamsatsatsao dp suittirngdoan
(Deng va nnk., 2017).

Pressure

Hinh 1. M6 phdng twong tdc giira foam pig va
éng vdn chuyén.
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O cacnuwéc Au/M§, Foam Pig cho lam kho day
nwéc hiéu qua khi vin hanh cho dwong 6ng c
nhiéu cdp dwong kinh va ban kinh cong nhé. Khé
khan gap phaila sy kiém soat 4p dinh khi chuyén
pha nuwée-khi; nguy co slugging (Li va nnk., 2020).

Tai Nga/Azerbaijan, 4p dung cho dwong 6ng
offshore cii, Foam Pig da cho thay hiéu qua & tuyén
ong thiéu hodc khong thé trang bi thiét bi phdng-
thu nhan pig; cai thién d6 sach ndi 6ng trwérc khi
tai kh&i dong. Kho khan gap phai la tinh trang bé
mat trong 6ng ldo hda, c6 nhiéu go& han nén yéu
cau foam pig phai c6 tinh mém-dai khong mac ket
khi van hanh (Li va nnk., 2020).

Cacnghién ctru trong phong thi nghiém ciing
cung c6 hiéu qua ctia Foam Pig. Gao vannk. (2021)
cho thiy Foam Pig c6 thé dat hiéu sudt boc tach
sap t&i 95% néu lwa chon thong sé lwu bién phu
hop, song rui ro pha huy khdi khi téc do cit cao
van ton tai.

Liva nnk. (2020) téng két rang, mic du Foam
Pig c6 wu diém vwot trdi vé tinh linh hoat, cong
thirc gel hién nay chwa dwoc chuin hoa, va diéu
nay cantrd viécap dung daitra trong quy mo cong
nghiép.

Cac van dé twong tw ciing dwoc ghi nhan
trong thuc té: Cho (1988) chi ra rang bé mat Pig
dang texture c6 thé cai thién do kin, songlai dé bi
maimon trong dwdrng 6ngtho rap; Mackay (2013)
nhan dinh rang khixtr 1y cat, vAn t6c qua cao sé giy
x6i mon & cac co hep; Singh va nnk. (2000) cho

thay hién twong két tua paraffin subsea c6 thélam
giam dang k& hiéu qua van hanh, ham y rang foam
pigging cin két hgp v&i cac bién phap bo tro nhw
gia nhiét hodc hoa chit.

Dbiém chung rutrala Foam Pighiéu qua trong
viécgiai quyétcactuyén “non-piggable”, nhwng dé
téi wu hoda cin sw két hop giira thiét ké vat liéu,
phan tich thiay lwc va mé phdng so6 (Versteeg va
Malalasekera, 2007). Pay chinh Ia hwéng nghién
ctru dang dwgc mé rong thong qua cac cong cu
CFD,vOncho phépdwdoanphinbd dp suidtvavan
tdc trong 8ng, tir d6 ho tro hiéu chinh 1y, va U_pig
trude khi trién khai thuwece té.

Bang 1 trinh bay cac nghién ctru tiéu biéu va
két qua lam sach dwong 6ng van chuyén dau khi
trén thé gidi.

3. Kha ning ap dung lam sach dwomg 6ng van
chuyén bang foam pig tai Viét Nam

3.1. Ddc diém mét sé tuyén 6ng vdn chuyén diu
khi tai bé Ciru Long

biéu kién van hanh tai cac tuyén ndi mo Viét
Nam (4p suit thidp 3+20 bar, nhiét dé6 25+35°C,
nhiéu co nhé R/D < 3) lam cho 7,, van tré thanh
hai tham s quan trong nhat. Két qua thir nghiém
tai MSP-A —» MSP-B cho thiy khi 7, < 1.200 Pa,
Foam Pig dé bi nirt vaxu4thiénbypass; nhungkhi
7, trong khodng 1.500+2.100 Pa thi Pig di chuyén

Bdng 1. Téng hop mot s6 két qud lam sach dwong 6ng vdn chuyén ddu khi trén thé giéi biang foam pig.

STT | Nghién cru Khu vuc Noi dung chinh Két qua Ton tai
Lima va Alves . U'ng dung duong Ong ngoai Thanh cong P
1 (1995) Brazil khoi, tuyén 6ng nho 80+90% Gel yéu &-ap cao
Gao va nnk Trung Thi nghiém lam sach lang (A . o Can kiém soat do
2 (2021) Quéc dong wax Hiéu qua >95% bén gel clia pig
5 GIAM tonhaodp | ~n. s s 1o
3 De?%gf 7r)1nk T&Sgg Pigging phan doan Ssuit Ap tir Can ther}rlluthlet bi
2030% P
. \ 5 g bé xuit pig A
o | Snghsamic |y | mongrgialingdong | i, | Keongipdune
p héa hoc g
Petrobras . A Gidm thoi gian
5 report Brazil Thyc nghiém tai mé cher 30%
Papanastasiou _ AL AL iAo Cos&FSIhién | Khong thir nghiém
6 (1987) Mo hinh vat liéu yield dai thuc
7 Cho (1988) Han Quoc | Thiét ké pig bé mét nham Tangqlﬁg,l; qua Tang ndi ma sat
o Thanh cong & .
8 Li vannk Trung Foam Pig chong asphaltene | quy md phong Chua ap QIA_mg thyc
(2020) Quoéc thi nghiém nghiém
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on dinh, d6 kin dwoc duy tri va do sdu quét
paraffin ting dang ké. Xu huéng nay phu hop véi
két lun cda Gao va nnk. (2021) va Deng va nnk.
(2017).

Nhiéu tuyén ndi mo tai bé Clru Long nhw:
MSP-5 - MSP-2, MSP-8 - MSP-6, MSP-3 — CPP-
2, BK-9 —» MSP-9, CPP-2 —» FSO-2, RD-WHP — RD-

CPP,STT-A—- STT-Bva WHP-TU - WHP-DH-1 c6
ddc diém khéng c6 hé thong phong/thu nhin pig
hodc c6 dd conglén khién pig cirng khong thé vin
hanh.

Hinh 2 thé hién so @6 thu gom diu khi cum
mé Bach H6 - Rong (Nguyén va nnk., 2024).

Tumo Bach H6 L
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Tt cac nghién ctvu va dic diém tuyén 6ng van
chuyén néu trén, c6 thé xdy dwung moétkhung danh
gid kha ning ap dung Foam Pig cho cac tuyén noi
mo Viét Nam. Khung nay cin dwa trén ba thong sé
chinh: (i) ddc tinh hinh hoc ctia 6ng (dwong kinh,
chiéu dai, ban kinh cong), (ii) diéu kién vin hanh
(4p suit, nhiét do, ché dé dong), va (iii) tinh chét
clia chat 13ng dong (paraffin, asphalten, cat).

Kinh nghiém cia Deng va nnk. (2017) vé
pigging phan doan cho thiy, viéc danh gia trudc
d6 dai tuyén va phin bo 4p suitla thiét yéu, trong
khi kinh nghiém tai Brazil (Lima va Alves, 1995)
cho thay, Foam Pig phti hop hon ca & cac tuyén
ngin-trung binh, 4p suit thip. Cac tuyén ngan
(dwéi5 km), dwong kinh trung binh (6+12 inch),
ap sudtvan hanh thip (3+20 bar), va c6 lang dong
paraffin sé dwoc x€p vao nhém “rat phtt hop” cho
Foam Pig. Ngwoec lai, cac tuyén dai hon 20 km,
nhiéu co gap khic nho, hodc cé ap sudtvuot qua
50 bar sé cin than trong khi ap dung.

Quy trinh chudn dé xuit cho Viét Nam bao
gdm: khao sat ban dau (1dy mau paraffin, do Ap),
mo6 phdéng CFD dé xac dinh van téc tdi wu
(Versteeg va Malalasekera,2007), thiétkélich van
hanh (bao gbm pigging phan doan néu can, tham
chiéu cia Deng va nnk. (2017)), gidm sat hién
trwong va danh gid hau kiém. Cach ti€p can nay
vira gidm thiéu rdi ro, vira tao co s& dir liéu thue
nghiém cho cac nghién ctu tié€p theo.

Nhu viy, & Viét Nam, nhém tuyén O6ng van
chuyén dai dwéi 5 km, 4p suit thip (<20 bar) va
chtra lang dong paraffin 1a tuyé&n 6ng ly twéng cho
Foam Pig.

Bang 2 tong hop diac diém mot s tuyén 6ng
van chuyéndaukhi taibé Clru Longc6 thé ap dung
l1am sach bang foam pig. Trong dd, cdc mrc danh
gia kha nang ap dung dwoc xac dinh dwa trén cac
tiéu chi:

+ D6 congtuyén (R/D): cao = R/D = 3; trung
binh =2 < R/D < 3.
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+ Ap sudt van hanh: cao = 10+20 bar; trung
binh = 5+10 bar.

+ Do day paraffin: cao = >8 mm; trung binh =
3+8 mm.

+ Kha ning 1ap dit hé théng xtr ly Pig: cao =it
cai hoan; trung binh = cin cai hoan nho.

3.2. Két qua thir nghiém tai tuyén 6ng MSP-A dén
MSP-B mé Bach Hé va bdi hoc kinh nghiém

Tuyén 6ng MSP-A — MSP-B c6 chiéu dai
khoang 3,8 km, dwong kinh trong 8 inch, gobm
nhiéukhiccongR~300 mmvakhongco hé thong
phéng/thu nhan pig. Ap suatvan hanh trung binh
0+5 atm, nhiét d6 moi trweong 25+280C.

M6 hinh CFD cho tuyén MSP-A — MSP-B
dwocchaylap laivéicung diéukién bién, tinh chat
lwu bién ctia Foam Pig va cdu hinh hinh hoc. Sai s6
s6 hoc cua nghiém ap suit dwoc kiém soat thong
qua tiéu chi hoi tu va kiém tra d6 nhay lwdi, voi do
léch AP gitra cac 1an chay m6 phdng ndm trong
khoang +(3+5)%. Kétqua cho thidy xu hwéng phan
bd 4p suit va mirc gidm AP sau lam sach (Hinh 3).
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Hinh 3. Sw thay déi dp sudt bom ddy Foam Pig
theo thoi gian trong hai ldn thir nghiém tai
tuyén MSP-A— MSP-B.

Bdng 2. Cdc tuyén 6ng néi mé tiém ndng dp dung Foam Pig tai Viét Nam.

STT Tuyén dng @ (inch) Chazl;;i a bic diém Rdi ro chinh Kha dr:l?lr;g ap
1 | MSP-5— MSP-2 8 43 Nhiéu doan cong, Ap cao Cao
wax day
2 BK-9 — MSP-9 6 51 D4y bién phirc tap | Kettai S-curve Cao
3 MSP-8 — MSP-6 6 3,0 R/D nhé V& Pig Trung binh
4 STT-A—STT-B 6 3,0 Wax nhe [t rtii ro Cao
5 |WHP-TU-WHP-DH-1 6 2,2 Khiic cong hinh chit S Truwot Khi Cao
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Két qua qua 2 lan thir nghiém: Lan 1 str dung
cong thirc gel PHPA 1,5+3,5 kg/m?, (tng suit chay
thip (~ 1.000+1.500 Pa). Pigbi v& tai zone dau, ap
suit cuc dai 1,5 Mpa; Lan 2 ting nong do PHPA
6+10 kg/m?, (rng sudt chay 1.500+2.100 Pa, diéu
chinh profile Ap, két qua Foam Pig di chuyén lién
tuc va thu h6i nguyén ven tai MSP-5, hiéu qua lam
sach dat trén 90%.

Ho6n hop gel, paraffin va chat1éng thu hdi sau
l1am sach dwoc dan vé cac thiét bi tach hién hitu tai
MSP-5 (slug catcher/binh tach). Gel st dung
polymer tan trong nwéc ¢6 kha ndng suy giam cau
tric sau van hanh, cho phép xtr ly trong hé théng
nwéc khai thac; paraffin dwoc quan ly nhw chat
thairdn nhiém diu theo quy dinh méi trudng hién
hanh cda Viét Nam.

Bang 3 trinh bay két qua thirnghiémlam sach
tuyén Ong van chuyén MSP-A dén MSP-B tai mo
Bach H6. Mirc dd hiéu qua dwoc danh gia qua:

+ Lwong can dwoc lam sach (volume wax
removed): %.

+ Mirc do nguyén ven clua Pig (integrity
index).

+ Do 6n dinh 4p suit (fluctuation amplitude)
<15%.

4. Thao luian

C6 thé thay Foam Pig mang lai gidi phap kinh
té va kha thi cho cic tuyén 6ng khéng dwoc trang
bi hé thong phong/thu nhin pig & Viét Nam. Tuy
nhién, kinhnghiém qudcté cling cho thiy hiéu qua
chi dat t6i wu khi cong thirc gel va diéu kién vin
hanh dwogc thiét ké déng bo (Li va nnk., 2020).
Diém mau ch6tndm & kha niang can bang gitra do
kin chu vi va nguy co ket/bién dang, diéu ma Gao
va nnk. (2021) dia nhidn manh trong cac tht
nghiém bdc tach gel.

Mat khéc, viéc chuén héa cong thirc gel theo
diéu kién nhiét d6 va ap suit dacthu cua Viét Nam
hién van con thiéu, tao ra mot khoang tréng

Bdng 3. Két quad thuwc nghiém dp dung lam sach
dwong dng vdn chuyén ddu khi tir MSP-A dén
MSP-B tai mé Bach Hé.

Thong s6 Ponvi| Lian1 Lan 2
Nong doPHPA | kg/m® | 15:35| 610
Ap sut cuc dai MPa 1,5 1,2
Hiéuqualamsach| % <50 >90
Tinh trang Pig - V& | Nguyén ven

nghién ctu cidn dwoc cong dong hoc thuit va
doanh nghiép quan tim. Ngoai ra, m6 hinh héa s6
bang CFD ngay cang dwoc coila cong cu khong thé
thiéu dé giam chi phi thir nghiém (Versteeg va
Malalasekera, 2007), song cic phwong phap két
hop FSI (Fluid-Structure Interaction) dé mé
phdng chinh xac bién dang dan h6i-nhét cia khoi
Pig van con it dwoc nghién ctru.

T goc do kinh té - moi trwong, Foam Pig cd
wu thé ro rét khi khong can cai hoan 1én cho hé
théng (Lima va Alves, 1995), dong thoi gidm thoi
gian shutdown, tir d6 han ché phat thai CO, va chi
phivan hanh. Tuy nhién, vin dé xtr 1y chit thai gel
va nwéc 1an paraffin sau khi 1am sach ciing cin
dugc caAn nhic ky ludng dé dap g yéu cau moi
treong.

Viécchudnhodathongsé lwubiénva quy trinh
van hanh 14 diéu kién tién quyét dé€ nhan rong Gmg
dung. Cac thong s6 can nghién ctru thém gom: Ty~
n theo nhiét dd, moi twong quan gitra profile
chénh ap Ap va d6 cong dng, cing cac chi tiéu moi
trwdong cia foam pig sau khi thu hoi.

5. Két luidn

Coéng nghé lam sach dwong 6ng vin chuyén
dau bang Foam Pig cho thiy kh4 hiéu qua ddi véi
cactuyén 6ngndimod Bach HS, c6 chiéu daikhoang
<8 km, dwong kinh 6+10 inch, c6 nhiéu doan cong
v6iR/D = 1,5+3, 4p sudt van hanh 20+40 bar. bac
biétla tuyén 6ng khong thé trang bi hé thong thu -
phéng Pig (bd phan batbudc phai cé khilam sach
tuy&n 6ngbang pig cohoctruyén théng). Hiéu qua
lam sachbang Foam Pig dat duwgckhi kiém soatap
sudt bom <50 bar, van téc pig 0,5+1,0 m/s va st
dung gel polymer tan trong nwéc; phwong phap
kém phl hop cho tuyén >10 km hodc ap suit cao.
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