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Su hinh thanh gas hydrate trong thi cong giéng khoan
tai khu vuc nudce sdu: Théach thire va giai phap
Lé Vii Quan"", Hoang Linh', L& Thi Thu Huong', Nguyén Vin Do, Nguyén Vin Thinh?

_Vién Dau khi Viét Nam ,
’Khoa Dau khi, Truong Pai hoc Mé-Dia chat

TOM TAT

Mot trong nhirng thich thirc trong cong tic khoan tim kiém, thim do dau khi tai khu vic nudc sau d6 1a
rui ro hinh thanh gas hydrate trong qua trinh khoan. Tai khu vyc nudc séu trén 1000m, voi diéu kién moi
truong 4p suit cao va nhigt do thap tai vi tri gan day bién, dung dich trong giéng khoan rét de thanh tao gas
hydrate, 1am mét hodc giam kha ning tuan hoan dung dich, giy ra su cO va khong thé tiép tuc tién hanh
cong tac khoan. Pic biét, rii ro cang ting cao hon trong diéu kién giéng khoan can phai tam dimng thi cong
khi gdp cac truong hop khan cdp nhu gidng bio, xay ra su ¢b mat an toan d6i v6i giéng/phuong tién khoan
hodc dung khoan khi thir via. Do vy, viéc phong ngura hiéu qua hién twong gas hydrate trong qud trinh
khoan la cap thiét va quan trong, giup dam bao an toan khi thi cdng cédc giéng khoan dau khi tai khu vuc
nude sau. Dé giai quyét van dé trén, trong nghién ctru nay dé cap dén viéc thiét 1ap va ché tao mot hé héa
pham dé pha trén vao dung dich khoan nhim phong ngira, ngin chin su thanh tao gas hydrate trong qué
trinh khoan & khu vire nude sau. Két qua nghién ciru duoc dp dung cho giéng khoan tham do X tai bé Nam
Con Son cho théy, viéc bd sung cac chét trc ché gas hydrate (MEG, MeOH, CaCl2, KFo), chét chéng Két
tu véi cong thirc pha ché (néng d9, ham lugng,...) phtt hgp mang lai hi¢u qua cao, gitp qua trinh khoan
dugc an toan, hiéu qua. Két qua nghién ctru lam co so dé dp dung cho qud trinh khoan cdc giéng khoan dau
khi & khu vuc nude sau ¢ diéu kién tuong tu.

Tuwr khoa: Khoan nude sau; Dung dich khoan; Gas hydrate; B& Nam Cén Son.

1. Mé dau
1.1. Cdc dang céu triic tinh thé gas hydrate

Dé thiét 1ap va che tao thanh cong h¢ hod pham phong ngira, ngan chan su thanh tao gas hydrate trong
qud trinh thi cong giéng khoan, can thiét phai bét du tir viéc nghién ctru cdc dang céu tric tinh thé gas
hydrate, ban chét ctia lién két hod hoc khung ciu trac ciing nhu kich thudc va qud trinh két tinh cta céc tinh
thé. Tur do, sir dung h¢ hoa phém nhim trc ché, ngan chan su hinh thanh céc lién két hoa hoc hodc ngan
chdn su két tinh, hinh thanh khung cAu trdc tai diéu kién nhiét do, ap sut thyc té cua giéng khoan.

Cic nghién ciru nhiéu xa don tinh thé cuia do Michael va nhém nghien ctru (Kirchner va nnk, 2004) vé
hién tuong gas hydrate c6 ngudn gdc tir khi metan, propan, metan/propan va cic dang cAu tric SI, SIT va
SH da dugc thyc hién. Day la mot phuong phap nghién cliru méi vé su két tinh tai cho cua khi va chat 1ong
hap phu trong mao quan 011gocrystalhne CAu tric cua tinh thé gas hydrate ¢6 ngudn goc tir khi metan,
ethane, carbon dioxide..., hdn hgp propan/iso- butan.., methane/neohexene va cycloheptane... dugc danh
gid bai phép do nhiéu xa ohgo Ba loai cdu triic chinh cua tinh thé gas hydrate, dugc dat tén la SI, SII, va
SH (Hinh 1), 1a céac tinh thé don cua ching bang céch sir dung k¥ thuat nhiéu xa neutron hodc tia X. Cdc
dang tinh thé dwoc hinh thanh boi cic mang ludi dan xen gitra cdc phan tir hydrocarbon va nudc. Cau tric
SI, 6X,2Y,46.H20, cAu tric SII, 8X,16Y,136.H20 va cAu tric luc giac H, 1X,3Y,2Z,34.H,0, trong d6 X,
Y va Z 1a céc cdu tao khung céu triic khac nhau duoc tao trong mang luéi gas hydrate, theo kich thudc cua
ching. Gas hydrate 12 chat rén két tinh bao gdm nudc va céc phén tir hydrocacbon. Trong gas hydrate, cdc
phan tir nuéc tao thanh mot mang tinh thé ba chidu véi cdc khung chira cdc phén tir hydrocacbon. Hau hét
cac gas hydrate dugc tao thanh vai cAu tric SI hodc SII. CAu tric I chira 512 t&i 51262 ciu tao khung va
céu triic STI chira 512 t6i 51264 céu tao khung. Céc gas hydrate 6n dinh trong diéu ki¢n dp suat cao va nhiét
d6 thap.

* Tdc gia lién hé
Email: quanlv@vpi.pvn.vn
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Hinh 1. Cdc dang cau triic thanh tao gas hydrate (Kirchner, 2004)

Quad trinh nghién ctu vé co ché cua su phat trién tinh thé can thiét cho viéc st dung hi¢u qua céac chét
trc ché gas hydrate, Do tinh ky nudc cua n6, nong d6 cta cic thanh phan hydrocacbon trong pha nudc 1a
kha thip ngay ca khi & ap suét cao. Cong trinh nghién clru cua Takuma va nhém tic gia (Takuma va nnk,
2016) da ching minh rang sy gan két cia mdi phan tir hip phu trén bé mit tinh thé gas hydrate xay ra doc
1ap. Do d6, qué trinh phat trién tinh thé ctia gas hydrate ¢6 thé dugc hiéu 12 sy hip phu gian doan lién tiép
clia cdc phan tir khac nhau trén bé mat hydrat.

1.2. Piéu kién hinh thanh tinh thé gas hydrate trong qud trinh thi cong giéng khoan

Tir gitta nhitng nam 80 cua thé ky trude, sy hinh thanh gas hydrate 1a mot trong cac nguy co tiém 4n giy
mét an toan trong cong tac khoan nude sau. O diéu kién nhiét do thép, 4p suat cao s& thuc day qud trinh
hinh thanh gas hydrate trong dung dich khoan, gy ra khé khan cho tuan hoan dung dich, tic nghén duong
ong, hong hoc BOP,... dan dén nhirng su cd nghiém trong gay mat an toan, dong thoi lam gia tang chi phi
cho qua trinh khoan. Gas hydrate 1a cdc tinh thé dugc hinh thanh tir sy lién két giita phan tir nudc voi phan
tir khi va chi ¢6 thé 6n dinh & diéu kién nhiét do thap, 4p suit cao (Hinh 2), day Ia diéu kién dién hinh trong
cOng tac khoan tai cac ving nudc siu.

Trang thii hinh thinh gas hydrate

Hinh thanh

.\p suiit

An toiin

Nhiét di

Hinh 2. Biéu do trang thdi hinh thanh gas hydrate dién hinh

Hién twong gas hydrate xay ra trong qua trinh khoan khi c6 sy ton tai va tiép xtic giita phan tir nuéc va
phan tir khi hydrocarbon trong diéu kién nhiét do thap va ap suat cao (Hinh 3). Hién tuong gas hydrate s&
xay ra khi khoan céc giéng khoan c6 d6 sdu muc nudc bién tir trén 1000m, trong cac cong doan nhu thir
via, chéng éng va bom tram xi mang, ngirng tudn hoan dung dich dé dong giéng trong truong hop khan cap
(Barker and Gomez, 1989; Kotkoskie va nnk, 1992).
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Hinh 3. Piéu kién thanh tao gas hydrate trong qud trinh khoan
(Barker and Gomez, 1989; Kotkoskie va nnk, 1992).
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Dua trén Hinh 4, ¢6 thé théy tai gléng khoan c6 chiéu siu myc nudc bién khoang 1.500m, nhiét d¢ tinh
trong giéng s& thay di tir diém A (day giéng) giam di dén diém B (day bién) va tang 1én dén diém C (miéng
giéng). Trong khi d6, dwdng nhiét d¢ toi han ma tai d6 cac tinh thé gas hydrate bat dau hinh thanh duoc thé
hién boi dudong XY. Cac duong cong con lai thé hién sy thay doi nhiét do trong giéng khoan véi cic gid tri
van téc bom dung dich khoan khéc nhau. Tir d6, c6 thé thdy, trong nhitng trudng hop ma trang thdi cta
giéng khoan ndm vé phia bén tri cua duong téi han XY, tai trang thai dé, trong giéng khoan s& c¢6 nguy co
hinh thanh gas hydrate.

2. Cac bién phap phong chong hién twong gas hydrate trong qua trmh thi cong giéng khoan

Nhu da noi ¢ trén, do dic diém moi truong nhiét do va ap suét, Van dé phong ngtra sy hinh thanh gas
hydrate trong qud trinh thi cong khoan tai cdc viing nudc sau rat khé tiép can va thuc hién boi céc bién phap
thong thuong. Két qua nghién ctru cho thiy, phuong phap hiéu qua nhét 1a bom/tron 13n chét e ché hinh
thanh gas hydrate truc tiép vao dung dich khoan. Béi vdy, mot sb cong ty hoat dong trong linh vuc héa
phiam dau khi d4 nghién ctru, phét trién céc loai ché pham trc ché sy hinh thanh gas hydrate.

Theo co ché trc ché, héa pham tic ché thanh tao gas hydrate dugc phéan thanh hai loai chinh, d6 1a chat
{rc ché gas hydrate nhiét dong luyc hoc (THIs) va chét uc ché gas hydrate liéu lwong thép (LDHIs).

Co ché hoat ddng chinh cua cdc chat tc ché gas hydrate nhiét dong luc hoc (THI) 12 1am giam nhiét d6
déng didc ctia nuée dan dén 1am cham su tiép xdc va lién két phan tir khi véi phén tir nude tao thanh ciu
tric gas hydrate. Sy diéu chinh nay sé tao sy chuyén dich pha lam cin bang hydrate-1ong-hoi ¢ diéu kién
4p suat cao hon, nhiét d thip hon (Fink, 2012). Tuy nhién, chét trc ché gas hydrate nhiét dong luc hoc co
kha nang tc ché gas hydrate manh nhung han ché cua chiing 1a do phai sir dung véi ndng do cao khoang
20-50%, dan dén lam tang ty trong dung dich khoan, tang chi phi van hanh cing nhu dich vu héu can va
nhitng anh hudng vé méi truong (Ke and Kelland, 2016). Hién tai, c6 mot s6 chit wrc ché gas hydrate nhiét
dong luc hoc khac nhau di dwoc ing dung nhur oxygenat, chiang han nhu methanol, glycol, mono-ethylene
glycol (MEG) hodc diethylene glycol (DEG). Viéc lya chon mdt chét {rc ché e hay hdn hop cic chat tic
ché gas hydrate phy thuoc vao tinh chét ctia dung dich khoan & cac didu kién khéc nhau.

Gan day, cac chat trc ché gas hydrate liéu lugng thip duoc nghién ctru st dung, v6i co ché ngin chin sy
két ndi ciia cdc phan tir gas hydrate (Kelland, 2006) do ndng d6 twong dwong thép, thudng trong khoang
0,5-3,0% trong luong. LDHI c6 thé dugc chia thanh hai loai co ban: chat {rc ché gas hydrate dong hoc
(KHIs hodc Kls) va chét chéng két tu (AA). AA khong tic ché qua trinh hinh thanh gas hydrate, tuy nhién
ching ngén can sy két dinh giita cdc tinh thé gas hydrate dan dén tinh thé gas hydrate c6 thé cudn troi khi
tudn hoan dung dich khoan.

Co ché hoat dong chinh ciia KHIs 12 chu yéu lam cham qud trinh tao mém cing nhu su phat trién ctia
gas hydrate, kéo dai thoi gian hinh thanh cu trac gas hydrate. Day l1a yéu t6 quan trong nhat di véi cdc
hoat dong tai hién truong, vuot qua thoi gian t1ep Xtic voi chét 1ong via, nhém Amin (-NH2) va nhém axit
cacboxylic (-COOH) cuia axit amin. Piéu nay dé dang hinh thanh lién két hydro véi céc phéan tr nudc va
tu hinh thanh cac ion ludng tinh cho phép tuong tac tinh dién gilta cdc phén tir 1am phd v& mang ludi lién
két hydro trong nudc ciing nhu trc ché qua trinh tao mam va két tinh cta cdc tinh thé. Sy phan cyc cua phén
tir axt aimin ciing lam ting cudng d6 tuong tac ctia nd véi phan tir nude lam dao 1n cau tric ctia nude. Do
d6, KHIs déng mot vai trd chi yéu nhu chit trc ché trong qud trinh két tinh gas hydrate (Kelland, 2006)
trong d6 cac didu kién nhiét dong lyc hoc ciia qué trinh hinh thanh gas hydrate thuong khong bi anh hudng
dang ké, vi KHIs khong thay doi sy cAn bang gas hydrate-1ong-hoi.

Cic chat chong két tu ngan can céc tinh thé gas hydrate tang kich thudc cua ching, dan dén viéc hinh
thanh cdc hat nho hon, c6 kha nang phan tan va di chuyen lén bé mdt cing v6i dung dich khoan trong
khoang khong vanh xuyén gitra cot can khoan va thanh giéng (hodc 6ng chdng trude d6) (Ke and Kelland,
2016).

Viéc ap dung cic chét trc ché gas hydrate liéu luong thap dé ngin chin su anh hudng ciia hién tuong gas
hydrate trong thi cong giéng khoan nudc sau di dwoc thir nghiém véi nhitng thanh cong nhat dinh va hién
duoc coi 1a mdt cong nghé c6 hi€u qua cao (Kelland, 2006). Trén Hinh 4 mo ta sy phan loai cac chét phu
gia c6 kha ning trc ché sy hinh thanh gas hydrate duoc st dung phd bién hién nay.
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| CHAT U'C CHE HYDRATE

[

Chat 1rc ché Hydrate
nhiét déng luwc (THIs)

|

» Methanol
> Glycerols

¥ Glycols

> Sodium chloride
7 Calcium chloride
> Potassium chloride
7 Ionic liguads

¥ Amino Acids

% Sodium bromide
> Sodium lactate

> Sodium acetate

¥ Sodmum formate

Chit &c ché Hydrate ligu
luwong thip (LDHIs)

Chat wc ché Hydrate
déng hoc

Chat chéng két tinh

|

|

> Poly(N-vinyllactam)
polymers

» Hyper-branched
Poly(esteramide)s

> M-Isopropylmethacrylamide
(IPMIAY) polymers and
copolymers

» Pyroglutamate polymers

7 Quaternary ammoniem salts

> Quaternary phosphonium
salts

» Polypropoxylates

% Biosurfactants

¥ Zwitterionic surfactants

7 Alkylamide surfactants

> Maleic copolymers and
alkvlamide derivatives

> Polyalkyloxazolines

» Polymaleimides

» Polyallylamides

> Polyaspartamides

> Modified starch and starch
derivatives

> Ionic liguids

> Antifreeze proteins

Hinh 4. Phdn logi chdt phu gia ¢é kha ndng trc ché hydrate

3. Két qua nghién ctru 4p dung cho giéng thim do X tai bé Nam Con Son

Hién tai, & Viét Nam chua c6 nghién ctru ndo tap trung vao van dé sy hinh thanh gas hydrate trong qua
trinh khoan, day c6 thé coi 1a mot thach thurc khi trién khai khoan cac giéng khoan dau khi tai vung nude
sau & nudc ta. Mot trong nhitng nguyén nhan chu yéu la dén nay, s luong gleng khoan tim kiém tham do
dau khi tai khu vue nu6e ¢ Viét Nam chua nhiéu. Hién tai méi chi c6 mot s6 giéng khoan rat han ché, dién
hinh nhu giéng 04.1-SDN-1X/1XR ¢6 d9 sdu muc nudc bién 1a 821m, do Cong ty BG khoan nam 1997;
giéng 129-TD-1X ¢ d¢ sdu muc nude bién 1a 1.645m va giéng 130-TB-1X c6 d6 sau myc nude bién 1a
1.405m do Vietgazprom khoan niam 2015. Cong tac thi cong cac giéng khoan néi trén hoan toan dwoc thué
cac nha thiu nudc ngoai thuc hién, tir cong tac thiét ké cdu trac dng chdng, thiét ké chuong trinh dung dich
khoan,... dén cong tac thi cong. Chinh vi vay, cac hoa phém trc ché sy hinh thanh gas hydrate trong qué
trinh khoan duoc nha thau phu dit mua tir nudc ngoai va tién hanh ph01 tron tai hién truong. Boi vay, ca
Vietgazprom ciing nhu cac don vi trong nu6e chua c6 nghién ctru nao ve van dé nay.

Chinh vi vdy, trong nghién ctru nay, nhom tac gia tién hanh dénh gia nguy co hinh thanh gas hydrate khi
thi cong cac gieng khoan nudc séu tai khu vue phia Dong Bic bé Nam Con Son, noi ¢ chidu sau nudc
bién ndm trong khoang tir trén 1.200m dén hon 2.000m.

Ttr nhitng s6 liéu thuc té ciia giéng khoan X va céc sb liéu hai dwong hoc tai khu vuce nghién ctru, nhom
tac gia da xdy dyng m6 hinh mé phong dong dung dich khoan dich chuyen tir day giéng 1én trén bé mat
nham danh gia kha nang hinh thanh gas hydrate voi sO lidu dau vao bao gdbm: do sdu muc nudc bién la
1.485m, nhiét d6 day bién 12 3,1°C, nhiét d6 via chta 85°C tai chiéu sau 3.200m TVDss. Vi gia thiét dong
chat Iuwu tir via chtra xam nhap vao dung dich khoan gbc nuée co thanh phan khi metane chiém 85%, két
qua nghién ctru da chi ra rang nguy co thanh tao gas hydrate trong giéng khoan tai d6 sau tir khoang 200-
1.920m TVDss la rd rang, do nhiét d6 tinh ctia giéng nam bén trai dudng nhiét d6 téi han mau dé (Hinh 5).

Nguy cor hinh thanh gas hydrate tai giéng khoan X, bé Nam Cdn Son

Temperature (oC)

Bay bién - 1485m

Depth [mTVD)

Hinh 5. Két qua dir bdo diéu kién hinh thanh gas hydrate (md hinh mé phéng)
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Nguy co hinh thanh gas hydrate tai gieng khoan X, bé Nam Con Son

Temperature (oC)

Depth (MTVD)

Hinh 6. Piéu kién hinh thanh gas hydrate thay doi khi ding VPI.1

Két qua nghién ctru bude du, nhém téc gia da nghién ciru thiét 1ap va ché tao mot hé héa pham c6 tén
1a VPL.1 c6 kha nang lam gidm nhiét d¢ téi han hanh thanh gas hydrate (duong téi han mau tim trén hinh
6). Hé hoa pham VPI.1 1a t& hop cua céc chét te ché (MEG, MeOH, CaCl2, KFo,...) va cic chit chong két
tu, voi néng d6 va ham lugng pht hop vai diéu kién tai giéng khoan tham do X. C6 thé nhan théy, hé hoa
phém VPI.1 d trc ché duoc su hanh thanh cdc tinh thé gas hydrate. Tuy nhién, vin chua dat dugc mic do
can thiét nhim loai bé hoan toan hién tugng nay. Gas hydrate vin ¢6 nguy co hinh thanh trong trudng hop
giéng khoan phai dung tudn hoan trong thoi gian dai, dan dén nhiét do trong giéng khoan tro vé trang thai
tinh, trc 12 giam xudng thip nhét den 3,1°C. Trong thoi gian t6i, nhém tic gia s& tiép tuc céc nghién ciru
b6 sung dé hoan thién viéc phat trién hé hod pham c6 kha ning giai quyét ton tai néu trén.

4. Keét ludn

Su thanh tao gas hydrate trong qua trinh thi cong gleng khoan n6i chung va dbi véi céc gleng khoan khu
vire nurdc sau néi riéng sé dan nguy co gay ra cac sy co, lam mat an toan khi thi | cOng cdc giéng khoan. Hau
qué cia hién tuong nay c6 thé dan dén mat dung dich hodc giam kha nang tuan hoan dung dich gay gidn
doan cong tic khoan. Hién tugng gas hydrate xay ra trong qua trinh khoan khi hoi tu di cac yéu t6 nhu: c¢6
su on tai va tiép xtic gitra phan tir nude va phéan tir khi hydrocarbon trong didu kién nhiét do thap va ap
sut cao. C6 ba loai ciu tric chinh cua tinh thé gas hydrate, duogc dat tén la SI, SII, va SH.

Két qua nghién ctru bude dau da thiét 1ap va ché tao mot hé héa phdm VPIL1 c6 kha ning 1am giam nhiét
d6 t6i han hinh thanh gas hydrate, 4p dung thanh cong cho giéng khoan X tai bé Nam Cén Son. Dua trén
co s& cdc nghién ctru do nhém tdc gia thyc hién cho thay, giai phdp hiéu qua nhit nhim phong ngura, ngan
chan hién tuong gas hydrate trong qua trinh thi cong giéng khoan 14 bom/tron 1an chét e ché hinh thanh
gas hydrate truc tiép vao dung dich khoan.
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ABSTRACT

Gas-hydrate formation during offshore drilling:
Challenges and solutions

Le Vu Quan'*, Hoang Linh', Le Thi Thu Huong', Nguyen Van Do!, Nguyen Van Thinh?
! Vietnam Petroleum Institute (VPI), Vietnam
2 Faculty of Oil and Gas, Hanoi university of Mining and Geology (HUMG), Vietnam

Gas-hydrate formation during offshore drilling is a well-recognized operational challenges in depthwater
petroleum exploration activities. In depthwater above 1,000 meters with high pressure low temperature at
seabed, itis easilly to form gas hydrate in drilling mud flow affect to reduce or stop drilling fluid circulation,
lead to unexpected drilling problems. Especially, the gas hydrate risk will be increased when stopping
drilling due to emergencies situations such as thunderstorms, an unsafe problem occurs to the well/rig or
during testing time. Therefore, effective prevention of gas hydrate formation during drilling is urgent and
important, helping to ensure safety when drilling oil and gas wells in deepwater areas. To solve the above
issue, in this study, we conduct the establishment and manufacture of a chemical system to be mixed into
the drilling fluid in order to prevent the formation of gas hydrate during drilling. The study results that have
been applied to the exploratory well X in Nam Con Son basin showed that the addition of gas hydrate
inhibitors (MEG, MeOH, CaCl2, KFo), anti-agglomeration agents with the formulation (suitable
concentration, content,...) brings high efficiency, making drilling process safe and effective. The study
results will be the basis for application to the drilling process of oil and gas wells in deepwater areas with
similar conditions.

Keywords: Deep water drilling; Drilling mud; Gas hydrate; Nam Con Son basin.

953



E RS@ HOI NGHI TOAN QUOC KHOA HOC TRAI BAT
EARTH SCIENCES AND VA TAI NGUYEN VOl PHAT TRIEN BEN VNG (ERSD 2022)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ctru gidi phap khac phuc hién tuong quay ngugc khi dung
khan cap mdy nén khi CO> tai Nha may BDam Ca Mau
Nguyén Van Thinh"*, Pham Khanh Duy?, Lé Pirc Vinh', Hoang Anh Diing', Nguyén Thanh Tuan'

) 'Truong Dai hoc Mé-Pia chét ‘
2 Téng Cong ty Phan bén va Héa chat Dau Khi

TOM TAT

Nha may Pam Ca Mau la nha mdy san Xuét phan dam c6 cong suét 16n nhat duoc x4y dung tai Viét
Nam. Pay 1a mot trong nhitng Cum céng trinh trong diém cua tip Poan Dau khi quéc gia Viét Nam
va cling dugc coi la mgt nha may hién dai & khu vuc Dong Nam A. Trong day chuyen san xudt cta
Nha may bam Ca Mau, mdy nén CO: 1a thiét bi chu yéu trong day chuyen san xuét cia Xudong Urea.
Hi¢u qua lam viéc cua thlet bi nay c6 anh huong rat 16n dén cong suit san phan ciia nha may. Khi tién
hanh dirng khan cép, xuat hién hién tuong quay ngugc cua banh cong tdc. Viéc mdy nén bi quay nguoc
gy nén cdc tic hai nhu: gay hu hong hé théng dém lam kin trong mdy, giam tudi tho rotor, hu hong
binh tach,... Lam ting rii ro trong qud trinh van hanh diy chuyén san xuét va ting chi phi bao dudng
cua Nha mdy. Ngoai ra, trong thoi gian mdy nén bi quay nguoc khi dung khan cap thi bo phan dém
lam kin hinh rang luoc (labyrinth seals) gitra cép 03 va 04 (may nén cao ap) ciing bi an mon hoan toan,
dan dén giam hi¢u sut mdy nén va tang tiéu hao hoi cho turbine. Bai bdo trinh bay cac nguyén nhén
va dé xuat giai phap khic phuc hién tuong quay ngugc ciia may nén khi CO,, dua trén céc tinh todn
va thuc té hoat dong ctia may nén khi CO; tai Nha may Pam Ca Mau. Két qua nghién ctru cé thé duoc
xem xét dé dp dung cho cdc mdy nén khi & cac Nha may khac c6 diéu kién cong nghé tuong tu.

Tiwr khoa: May nén khi ly tdm; Hién tugng quay ngugc ciia may nén khi CO,; BDém lam kin co khi.

1. Mé diu
1.1. Gidi thigu vé nha mdy Pam Ca Mau

Nha may Pam Ca Mau tryc thudc Cong ty C6 phan Phan bén Dau khi Ca Mau (PVCFC) tai cum cong
nghiép Khi - Dién —Dam Ca Mau, duoc khoi cong xay dung tir thang 7/2008 trén dién tich 52 hécta (Hinh
1), tong von dau tur 900,2 triéu USD. Nha may bam Ca Mau nam canh Nha may dién Ca Mau 1 va 2. Cong
nghé va thiét bi chinh ctia nha may dugc cung cap bdi céc tap doan 16n nhu: Phian xwdng Ammonia sir dung
cong ngh¢ cua Haldor Topsoe (Pan Mach), Phan xuong Urea sir dung cong nghé ctiia SAIPEM (Italia) va
Phén xudng tao hat st dung cong nghé ciia Toyo Engineering Copr (Nhat Ban). Vi cong sut thiét ké cua
Nha mdy 1.350 tin Ammonia/ngay tuong duong 468.450 tin Ammonia/nam; 2.385 tin phan dam
Urea/ngay tuong duong 800.000 tan phan dam Urea dang vién/ndm; Nha may da dam bao cung cap duoc
trén 30% nhu cau thi trudng phan dam Urea ctia Viét Nam véi chét lwong t6t, dat tidu chuén quoc té va c
strc canh tranh cao khong chi & thi truong ndi dia ma cé trén thi truong khu vyec. Hau hét céc thiét bi chinh,
quan trong déu c6 xut xir tir EU/G7. Cdc tiéu chuan 4p dung cho nha méy 12 cic tiéu chuan qudc té (ASME,
API, JIS...) va cic tiéu chuan bt budc vé moi truong va an toan, phong chdng chdy nd ctia Viét Nam.

Trong nha may, ammonia dwgc san xudt tir khi tong hop chira hydro va nito véi ti 1& xap xi 3/1. Bén
canh céc hop chét trén, khi téng hop con chtra mét lugng khi tro nhu Ar va CHs & mot gidi han nao do6.
Ngudn cung cép H, 14 nude demi va khi hydrocarbon trong khi ty nhién. Ngudn cung cip Na 1a khong khi.
Bén canh ammonia, nha mdy cdn san suat CO,, ngudn cung cdp CO, 12 tir cdc hydrocarbon trong khi ty
nhién. Hoat dong cua nha mady ammonia dugc minh hoa nhu Hinh 2.

" Tdc gia lién hé
Email: nguyenvanthinh @humg.edu.vn
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SO PO BO TRI CAC XUONG

Hinh 1. So' dé bé tri cdc xwong tai Nha méay Pam Ca Mau
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Hinh 2. Cong nghé Xuong Ammonia

1.2. Hién twong quay ngwoc ciia mdy nén khi tgi Nha mday Pam Ca Mau

Hién twong quay nguoc thudng xdy ra trong qué trinh tit/ngimg may ngoai ¥ mudn. Piéu nay dic biét
¢6 thé xay ra néu méy hoat dong & dp suat cao va luu luong thap, ngay trude khi bi ngirng méy. Khi mdy
nén ly tim dimng dot ngdt, 4p sudt ¢ phia cira xa cua mdy nén cao hon duo & phia ctra hit (National
Productivity Council, 1993; McKane and Medaris, 2003; Xiang XUE, 2018). Tinh trang nay c6 thé xay ra
hién tuong chay ngugc cua dong luu chét vao trong mdy, gy ra hién tuong quay nguoc & may nén. Quay
nguoc 1a mot hién tugng khong mong mudn trong may nén khi ly tim vi n6 thuong lién quan dén cic rung
dong hudng tim, gy ra su dich chuyén doc truc. Chinh diéu nay sé dan dén hu hong 6 truc va gy ra su co
xdt cua phot voi cdc bo phén tinh cia may. Quay nguoc c6 thé dan dén cdc bo phén bén trong mdy nén c6
thé bi hong. Rotor vugt qui tdc dd c6 thé giy ra ing suat qui muc trong 6 truc khién cdc khép ndi bi ndi
16ng hodc cac bo phan tham chi bi vang ra ngoai, gay ra nhirng hu hong cho may.

Hién tuong quay nguoc ¢ may nén CO; trong qua trinh dirng tuabin da dugc quan sat khi chay thir may
nén tai Nha may Pam ca Mau. Tir nam 2012 dén cudi nam 2015 da quan sat thdy 24 1an quay ngugc. Viée
quay nguoc chiéu 1 diéu khong mong mudn, hién tuong nay ludn lién quan dén rung dong hudng tim
nghiém trong va sy dich chuyén doc truc cta réto. Ngoai ra, viéc mdy nén bi quay nguoc giy nén céc hiu
qua nghiém trong lién quan dén d6 bén cia may. Cac hu hong thuong gip khi mdy xay ra hién twong quay
nguoc nhu: Hu hong dry gas seals, bearings, giam tudi tho rotor, hu hong binh tach,...; 1am ting rui ro
dirg may dot xuat va ting chi phi bao dudng cho Nha mdy (Hinh 3 va 4)

BSEE N L [
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... -
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Hinh 3. Hién twong quay nguwoc tiéu biéu, téc dé quay nguwoc dat 16i 6200 rpm

961



_ (506122)
Ongdrain tube
by hing

-

{506121)
Demister bt hong.

Hinh 4. Hién tiwong quay ngieoc gdy hie hong binh tdch cdp 2 va cdp 3 ciia mdy

Tinh tir nim 2012 dén 2016, may nén CO2 hoat dong khong 6n dinh vé6i d6 tin cay thip da co 08 lan
mdy nén ding (trip) do d6 rung cao dan dén phai dimg may dot xuat. Hon nira, dé khic phuc labyrinth seals
bi an mon, Nha may Pam Ca Mau da phai dai tu mdy nén 05 lan trong vong 4 nam (02 1an dai tu phai dirng
dot xudt 5-7 ngay vao thang 4/2013 va thang 01/2016). Viéc labyrinth seals bi an mon giam dé tin cdy mdy
nén do cac nguyén nhan sau day:

Labyrinth seals dau ra cAp 3 bi an mon hoan toan giy ting dong ndi tai tir cp 04 vé cap 03 lam giam
nhiét d6 du ra cp 03 (Hinh 5), giam hiéu suit may nén va ting tiéu hao hoi cho turbine.

Trong qua trinh an mon, labyrinth seals bi giam co tinh, v ra, co sat voi rotor gay ting/dao dong do
rung, thim tri manh v& ket vao banh cong tic gy mét can bang rotor dan dén rung dong cao va trip mdy
nén.

May nén bi mon balance labyrinth (labyrinth seals) lam ting d¢ di truc cua rotor tang cao (may nén cao
4p), nhiét d bac chin tang cao, giam do tin cdy ctia may nén, c6 rii ro phai dimng may dé khic phuc, ting
chi phi bao dudng, gdy mat san pham, anh hudng dén ké hoach san xudt, kinh doanh cua Cong ty.
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Hinh 5. Nhi¢t dj dau ra cdp 03 giam dan tir 175 dp C vé 132 dp C
do labyrinth seal gitta cap 03 va 04 bi an mon.

2. Giai phap khic phuc hién twong quay ngwoc ciia may nén khi CO2
2.1. Co so khoa hoc

Cin ctr trén so dd cong nghé may nén va hé thong duong dng, bai bao da tap trung nghién ciru, tinh toan
dé dua ra gidi phap khac phuc hién tugng quay nguoc va hién tuong an mon dém lam kin labyrinth seals.
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a. Khdc phuc hién hién twong quay nguoc cua mdy nén:

. Téc gia bai bao da thu thap dit ligu cong nghé, thiét bi, 1y thuyét tinh todn, tiéu chudn va thiét ké duong
ong cia mdy nén. Tur d6 phan tich, tinh toan xac dinh xu hudng dich chuyén ctia dong khi khi dirg khan
cip may nén dé dua ra phuong an giai quyét.

Bdng 1. Bang dir liéu cong nghé ciia cum mdy nén trong qud trinh dimg khan cdp (ESD)

™ ™ 2nd 2nd 3¢ 3¢ 4 4
Section Discharge Section Discharge Section Discharge Section Discharge
STT Date Time pressure pressure pressure pressure pressure pressure pressure pressure Remark
P10210 PI0261 P10262 PI0211 PI0212 P10263 P10264 P10213
(bar) (bar) (bar) (bar) (bar) (bar) (bar) (bar)
1 22/5/2013 | 13:52:41 0.361 3.54 3.29 22.397 22 83.02 83.56 158.565
2 22/5/2013 | 13:52:50 0.361 35 3.36 22.398 22 83.02 82.56 158.565 Trip time
3 22/5/2013 | 13:53:00 1.503 2.05 2.02 6.287 19 56.21 56.23 57.013
4 22/5/2013 | 13:53:10 1.125 1.123 1.18 1.369 7 36.59 36.62 20.018
5 22/5/2013 | 13:53:20 1.007 1.36 1.36 1.537 4 23.53 23.55 12.589
6 22/5/2013 | 13:53:30 0.938 1.4 1.35 1.838 2 14.51 14.49 8.825
7 22/5/2013 | 13:53:40 0.805 1.27 1.21 1.263 1 8.6 8.56 4.865
8 22/5/2013 | 13:53:50 0.701 1.07 1.01 0911 ~1 4.93 4.89 3.114
9 22/5/2013 | 13:54:00 0.65 0.91 0.86 0.739 ~1 2.72 2.67 2.096
10 22/5/2013 | 13:54:10 0.575 0.78 0.72 0.597 ~1 2.72 2.67 2.096
11 22/5/2013 | 13:54:20 0.512 0.67 0.62 0.526 ~1 0.83 0.77 0.769
12 22/5/2013 13:54:30 0.471 0.58 0.52 0.465 0.5 0.58 0.51 0.589 Pressure
Balance

Hinh 6-9 mé ta céc biéu dd 4p suit cdc cAp khi mdy nén dung khan cp. Dua trén sé lieu ndy, tic gia da
xéc dinh so bé duge dong ning 1am may nén quay nguoc xuat phét tir may nén cao dp (mdy nén thip ap c6

van mot chidu & dau ra).
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Hinh 6. Biéu do dp sudt dau vao cdp 1 (a) & dau ra ccfp_] (b) khi mdy nén dirng khan cdp (06 lan).
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Hinh 7. Biéu do dp suat dau ra cap 2 (a) & dau ra 2 (b) khi mdy nén dimg khan cap (06 lan).

|25

| 20

| 90

iy | 70~ —12-May
[ 15 — 3y | fE — My
—12-5ep | — 125
10 - —_—13 0t |iag. — 130t
—17-Dec i —17-Dec
5 ——24-Feb-14 | 1 - ——14-Feb-14
o 0
12345678 %1011
(b)

Hinh 8. Biéu do dp sudt dau vao cap 3 (a) & dau ra 3 (b) khi mdy nén dirg khan cdp (06 lan).
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Hinh 9. Biéu do dp sudt dau vao cdp 4 (a) & dau ra 4 (b) khi mdy nén dirng khén cap (06 lan).

Thuyc té qua trinh van hanh mdy nén CO2 tai Nha may Dam Ca Mau cho thdy, trong thoi gian may nén
bi quay ngugc khi dimg khan cap thi by phan dém 1am kin hinh rang lugc (labyrinth seals) giita cap 03 va
04 (may nén cao ap) cling bi an mon hoan toan. Khi d6 dong ndi tai trong mdy nén khi labyrinth seals gitta
cép 03 va 04 dn mon hét ~35,3 tan/h so voi khi may nén van hanh binh thuong luu lugng 1a 78 tan/h. D6 1a
nguyén nhan ti€u hao hoi cho turbine tang 1én va la dong khi gy quay ngugc mdy nén cao 4p khi dung
khan cp. Két quia tinh toan dugc thé hién trén Hinh 10.

84 barg [“155.7barg
133°C 122°C
l " 78 ton/h

% I ?,Ston/h )

[ 1 2 1 —
21.5 barg i | 83.5 barg
42°c

Hinh 10. Két qua tinh todn heu lugng dong noi tai cap 04 yé cap 03 khi labyrinth seals
giita cap 03 va 04 bi an mon het.

b. Khdc phuc hién twong an mon labyrinth seals:

Pé khic phuc hién tugng an mon labyrinth seals, tac gia da thu thap dir liéu cong nghé, tiéu chuén va ly
thuyét thiét k& binh tach hai pha, xac dinh dugc nguyén nhan chinh cua hién twong dn mon labyrinth seals
do binh tach nudc cap 3 hoat dong khong hiéu qua. Qud trinh theo dbi van hanh cia binh tich S06122 thy
c6 mot s6 diém dic biét:

- Mic dii dong hét tat ca cac van dau ra cuia binh tach nhung binh tich khong nang dwgc muc 1ong. Diéu
nay chirng to chat 16ng da bi cudn theo vao trong may nén.

- Van diéu khién mirc ctia S06122 12 LV0213 & ché d6 Auto nhung ludn & vi tri dong. Khi mo thai trudc
van LV0213 thi chi c6 rat it 16ng xa ra.

Luong nude thuc té ra khoi cic binh tach két qua nhu trong Bang 2.

Bdng 2. Lirgng nudc thiee té ra khoi cdc binh tdach

Ngay Luu lugng (I/h) i
S06120 S06121 506122 Tong
07/10/2015 1500 800 14 2314
16/11/2015 1127 673 13 1813
16/11/2015 1592 590 12 2194
17/01/2016 1119 1072 11 2202
16/03/2016 1107 420 13 1540
31/08/2016 1469 511 11 1991
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So sdnh véi thiét ké:

- Céc binh tach S06120 va S06121 lwong nudc thyc té tach duge gan twong dwong véi theo 1y thuyét.

- Lugng nudc téch ra & S06122 khoang 11-14 lit/h 12 rét it so véi thiét ké (109 lit/h).

Theo tiéu chuan thiét ké binh tich 02 pha cta hing Shell cin cir theo tai liéu: “Manual gas/liquid
separators - type selection and design rules dep 31.22.05.11-Gen. December 2007 (DEP Circulars 03/08
and 14/08 have been incorporated)” binh tach hoat dong khong hiéu qua & dp suét trén 70 barg (4p sudt van
hanh cp 03 ciia mdy nén la 84-85 barg).

Ttr nhirng nhén dinh néu trén, tic gia cho rang nguyén nhan chinh gay ra hién tugng an mon labyrinth
seals 1a do binh téch cip 03 thiét ké khong phit hop, hiéu suét tach nudc kém, dan dén nudc cudn vio may
nén gdy an mon labyrinth seals.

2.2. Gidi phdp khdc phuc

a. Khdc phuc hién twong quay ngwoc khi dirg khdn cap

Ttr nhimg phan tich va céc két qua tinh toan duogc thuc hién trong muc 2.1, dé khéc phuc hién twong
quay nguoc, co thé 4p dung céc giai phap sau:

- Lap thém van mot chiéu & dau ra cép 03 ctia may nén dé ngin dong khi tir cip 4 vé cip 3 khi mdy nén
dirng khan cap.

- Di chuyén van mét chiéu dau ra cip 02 lai gdn nozzle ctia may nén giam lugng khi trong doan tir nozzle
mdy nén thap ap dén van mot chiéu diu ra cép 2 quay vé mdy nén thip dp khi dimg khén cap;

- Chuyén van PV0203 ra sau binh tach S06122 tranh dong ngugc giy hu hong céc thiét bi trong binh
tach.

Chi tiét c4c giai phap dugc thé hién trén Hinh 11.
I K0G101 R
- AFTER-8-2015 1 Van I chiéu
E‘r—; cip 03

ﬁ E0&119 S08122

S06120 ! 7
| apr /;J ) eoerzy

[_T/ Van lchidu e
™ = cap 02 — e —]
Znd stage L ut ‘i_l' an 1I_'gn_—]— I wtage

@" - " Jow

Dich ghuyén PV0203
ra sau S06122 =

'—-—UF_J L o |

Fy-0201

1y PVIeTT

[Eo6120 506121

Pu202

Hinh 11. So d6 cong nghé cum mdy nén sau khi thay doi

b. Khdc phuc hién twong an mon labyrinth seals ciia mdy nén cao dp

Thay thé binh téch cip 03 m&i véi 2 phan tich swong: cyclone & phia trén, vane pack & phia duéi. Tuy
nhién, nham loai bo rui ro trong trrdng hop binh taich mdi hoat dong khdng hiéu qua nhu tinh toan, trong
nghién ctru ndy nhém tic gia da dé xut thay céc labyrinth seal gitta cip 3 va 4 bang vat liéu stainless steel
316L (Hinh 12).

Hinh 12. Céu tgo binh tdch véi 03 cdp tach
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c. Két qua thu dwoc khi thay thé binh tdch cap 03 méi véi 2 phan tach swong:

Sau khi thay thé binh tich cép 3 véi 02 phan tich swong, may nén di khong bi quay ngugc sau khi ding
khén cép va khong bi an mon labyrinth seals. Lugng hoi tiéu thy cho turbine giam tir 105 tin/h xudng 103
tan/h sau khi thyc hién thay d6i (Hinh 13 va 14). Binh tich cip 03 hoat dong hi¢u qua (thiét bi da van hanh
6n dinh tir thang 01/2016). Viéc nay da giam thiéu rui ro, ting do tin cdy cho may nén, giam chi phi bao
dudng, tiéu hao cho Nha may, dam bao Nha méy hoat ddng 6n dinh. M4y nén khong bi quay ngugc va hoat
dong 6n dinh khong c6 su ¢b twong tu tir thang 01/2016

Bdng 3. Thong ké sé lan khong quay ngwoc sau khi thue hién thay doi

Date Normal speed | Low speed Time qf speed Remark
(rpm) (rpm) reduction (s)
25/1/2016 12500 955 90
13/6/2016 12895 852 162 Leaked at a extraction valve
20/7/2016 12999 26 303 Leaked at a extraction valve
13/2/2017 12998 28 420

Tiégu thy hoi HS vao turbine

\/\/\/‘A‘%

\
\1

MAecnpnr

Hinh 13. Luong hoi tiéu thu cho turbine giam tw 105 tan/h xu(fng 103 tan/h sau khi thue hién thay doi

& tinh
trang it
cin
bin
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ndm
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hanh
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gin 02 |

HP-Rotor | |

Sealing
labyrinth
khéng
co diu
hi¢u dn
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Hinh 14. Cdc labyrinth seals khéng bi an mon sau khi thay thé binh tach méi.
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3. Két ludn

Trong qud trinh van hanh mdy mdy nén khi CO2, do nhléu nguyén nhan khéc nhau, dan dén tinh trang
may nén doi luc 1am viéc khong hi¢u qua. Dac biét 1a cdc sy ¢b lién quan dén viéc mdy nén khi bi dimg dot
ngdt, theo hudng khéng mong mudn ciia ngudi van hanh. Khi bi dimg do6t ngot, xuat hién tinh trang quay
nguoc cia mdy nén khi, gy hiu qua nghiém trong, anh huéng dén d6 bén cua may. Nhu vay c6 thé thdy,
hién twong quay nguoc thuong xdy ra trong qua trinh tat/ngimg may ngoai y mudn. Khi may nén ly tim
dirng d6t ngdt, 4p sudt & phia cira xa cta ‘may nén cao hon dug ¢ phia ctra hit. Tinh trang nay c6 thé xay ra
hién tuong chay ngugc cua dong luu chét vao trong mdy, gdy ra hién twong quay ngugc ¢ mdy nén. Quay
nguoc co thé dan dén céc bo phan bén trong mdy nén c6 thé bi hong. Rotor vuot qué tdc do c6 thé gy ra
(g suét qud muc trong 6 truc khién céc khép ndi bi ndi long hodc cic bo phan tham chi bi ving ra ngoai,
gdy ra nhitng hu héng cho may.

Hién tuong quay nguoc ¢ mdy nén CO2 tai Nha may Dam Ca Mau trong qud trinh dung tuabin da duoc
ghi nhan. Hau qua cua viéc nay dan dén nhiing rung dong hudng tdm nghiém trong va sy dich chuyen doc
tryc cua roto. D1eu nay da gy ra nhing sy ¢o hong hoc cua thiét bi, 1am anh huong dén do bén cua thiét
bi, gy ton that vé kinh té cho Nha médy. Bén canh d6, khi may bi dumg dot ngdt, gdy ra tinh trang hu hong
dém lam kin hinh rang lugc (labyrinth seals) trong mdy, giam tudi tho rotor, hur hong binh tach,.. . Didu nay
cang lam tang chi phi bao dudng cho Nha méy. Theo thong ké tir nam 2012 dén cudi nim 2015 di xdy ra
24 lan quay nguoc mdy nén khi dimg khén cép.

Pé khic phuc hién tugng quay nguoc khi dimg khan cép cic giai phap sau da dugc dp dung: Lap thém
van mot chidu ¢ dau ra cap 03 clia may nén dé ngan dong khi tir cap 4 vé cp 3 khi méay nén ding khan cap;
Di chuyén van mot chiéu dau ra cap 02 lai gin nozzle cia may nén; Chuyén van PV0203 ra sau binh tich
S06122 tranh dong ngugc gay hu hong céc thiét bi trong binh téch.

Pé khic phuc hién twong an mon labyrinth seals ctia mdy nén cao 4p, c6 thé dp dung cic giai phap thay
thé binh tich cdp 03 méi vdi 2 phan tach swong. Sau khi thay thé binh téch, tinh trang an mon dém labyrinth
seals da duoc khic phuc. Viéc nay di giam thiéu rui ro, ting do tin ciy cho mdy nén, giam chi phi bao
dudng, tiéu hao cho Nha may, dam bao Nha méy hoat ddng 6n dinh. M4y nén khong bi quay ngugc va hoat
ddng 6n dinh khong c6 su ¢b twong tu tir thang 01/2016.
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ABSTRACT

Research on solutions to overcome the reverse rotation in CO»
compressor during stopping of turbine at Ca Mau Fertilizer Plant

Nguyen Van Thinh"*, Pham Khanh Duy?, Le Duc Vinh', Hoang Anh Dung', Nguyen Thanh Tuan',
! Hanoi university of Mining and Geology
2 Petrovietnam Fertilizer And Chemicals Corporation - JSC (PVFCCo), Vietnam

Ca Mau Fertilizer Plant, one of the key projects invested by PetroVietnam, is the largest fertilizer in
Vietnam. In the production chain of this factory, CO, compressors play a crucial role at the Urea block.
Due to the fact that its performance determines vastly production of the plant, its proper operation should
be thoroughly maintained. However, inevitable problems may happen, that lead to an unstable manufacture
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or even worse with emergency shutdowns. When there is a shutdown, reverse rotation phenomenon occurs
resulting in several grave failures and consequences such as: sealing system damage, separtor damage,
rotor’s lifetime reduction, etc. Besides, the emergency shutdown causes the labyrinth seals to erode
drastically or completely between the 03 and 04 stages (high-pressure compressor) eventuating in a
decrease of compressor efficiency and an increase of turbine steam-consumption. Another saying, this
circumstance raises risk of production disruption and boosts mainenance expenses. This article presents
results of the research on causes of reverse rotation of the CO2 compressor and proposes solutions to
overcome this phenomenon basing on calculations and actual operation of this machine at Ca Mau Fertilizer
Plant. Results of the research can be considered to apply to centrifugal compressors working at other
factories having similar technological conditions.

Keywords: Centrifugal compressor; Reverse rotation in CO, compressor; Mechanical seals.
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