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Tém tat: Phuong phap danh dau chu dong dugc nghién cuu tng dung trong khao sat md
condensate - khi, gitip cung cép nhiéu thong tin quan trong nhu su lién thong gilra cac
giéng bom va giéng khai thac cling nhu do bio hoa cua cac pha. Trong do6, chit danh du
khi Perfluorocarbons dugc st dung phd bién vi nhitng vu diém ndi bat nhu tinh bén va
than thién voi méi truong. Kha ning phan bd cua chit danh dau khi PFCs trong hai pha
dugc ddc trung boi hé s6 phan bd Ky - ty s6 ndng do ctia PFCs trong hai pha condensate -
khi tai diéu kién can bang. Nghién ctru ndy xiy dung phwong phap tlnh toan h¢ s6 K4 clia
céc chat PECs trong hai pha condensate - khi dua trén cc thong s6 nhu hé s can bang
ctia chit danh diu, khéi lugng riéng cua cac pha va phan tir khéi trung binh cua cac pha.
Phuong phap sau d6 dugc kiém chimg véi s6 liéu do hé s6 phan b cia cac chit PECs ¢
nhiét do 70°C va dai ap suat tir 1000 — 2000 psi trén dbi tuong luu chat thu thap tir mo
condensate - khi STT vi sai s6 10% so véi s6 liéu thi nghiém.

Tir khoa: M6 condensate/khi; danh déu; hé 56 phan bé, PFCs.

Abstract: The tracer method has been applied in the investigation of condensate - gas
reservoirs, helping to provide important information such as the connection between
injection wells and production wells as well as phase saturations. In particular,
Perfluorocarbons gas tracers (PFCs) are commonly used because of their outstanding
advantages such as stability and environmental friendliness. The partition of PFCs in the
gas-condensate phases is characterized by the partition coefficient Ky - the ratio of the
PFCs concentrations in condensate and gas phases at equilibrium conditions. This study
presents a method for calculating the K coefficient of PFCs in hydrocarbon-gas phases
based on the parameters such as the equilibrium coefficient of the tracer, the density of
the phases and the average molecular mass of the phases. The method was then verified
with the measurement data of the partition coefficients of the PFCs at a temperature of
70°C and a pressure range of 1000 - 2000 psi on the fluid collected from the STT
condensate - gas reservoir with an error of 10% compared with experimental data.

Keywords: The condensate / gas field, tracer, partition coefficients, PFCs.

1. MO PAU

Bom ép khi 1a mot trong cic phuong phap duoc 4p dung nham nang cao hiéu qua khai
thac ctia mo condensate - khi, gitip duy tri 4p suat mé cao hon ap suét diém suong va giam
thiét hai do qua trinh ngung tu nguoc. Su di chuyén ctua khi bom ép trong cac mo
condensate - khi nhin chung rat phirc tap do su hoa tron giita cac pha thay doéi theo diéu
kién ap suét va nhiét do. Do do6, viéc theo ddi su van dong cua khi bom béng phuong phap
danh ddu cha dong 1a can thiét. Chat danh du khi Cyclic Perfluorocarbons (PFCs) duoc st
dung phd bién vi nhitng vu diém ndi bat nhu tinh bén va than thién véi moi truong [1].

Khac véi cac mo dau den, mo khi-condensate dugc dac trung bdi qua trinh chuyén pha
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ctia cac thanh phan hydrocarbon khi diéu kién PVT thay d6i. Trong mo khi-condensate, sy
véan chuyén cua chat danh diu khi PFCs tir giéng bom dén cac giéng khai thac duoc kiém soat
boi ba qua trinh dac trung gom ddi luu, phan tan va phan bb giita hai pha khi-condensate. Do
ap suat va thanh phan hydrocarbon ctia mé thay doi tir giéng bom dén gieng khai thac, hanh vi
phan b cua hop chat PECs giita hai pha ciing thay d6i twong tng. Hé sb phan bd Kq phu
thude vao ap suat, nhiét do va thanh phan cua khi trong mo. Trong d6, hé so6 phan bd duge
dinh nghia 13 ty s6 nong d6 cia PFC i trong hydrocarbon va trong pha khi & diéu kién cén
béng.

Thong thuong, hé sb phan bd Kq 1a thong s6 duoc xac dinh tir thyc nghiém trong didu
kién PVT cua via. Cac cong viée thiét ké thi nghiém danh diu, mé phong su van chuyén cua
chat danh dau trong diéu kién mo va giai thich két _qua thi nghiém danh dau trong khao sat
mo doi hoi phai c6 cac gia tri cua hé s6 Kq ¢ cac dleu kién 4p suét va nhiét do trong via va &
dau giéng. Tuy nhién, cac thi nghiém do Kq khé ton kém, doi hoi nhiéu thiét bj chuyén dung.
Vi vay, viéc tinh toan hé $6 phan bd 1a cén thiét trong qua trinh thiét ké thi nghiém danh dau
va ngoai suy céc gia tri Kd thuc nghiém tai ap suat va nhiét d6 mong mudn.

Nghién ctru nay gidi thiéu phuong phap tinh toan hé s6 Kq cua cac chat PFCs trong hai
pha condensate — khi. Phuong phap sau d6 duoc ki€ém ching voi ket qua do Kgq thuc nghiém
& nhiét do 70°C va dai 4p suat tir 1000 - 2000 psi.

2. NOI DUNG
2.1. Phwong phap
Nguyén ly phwong phap
Phuong phép tinh toan dya trén mdi lién hé giira hé s6 phan bd K¢ va hé s6 can bang
(K) cua chat danh dau, khoi lugng riéng cta cac pha ( p ) va phan tir khoi trung binh cua céac
pha (M) dugc ching t6i dé xuat va thiét 1ap. Cac thong s0 ndy co thé xéc dinh thong qua
chudi phuong trinh trang thai va khoi luong ctia cac thanh phan trong hai pha.
Nong d6 cua chat tan trong pha long (Cy;) va trong pha khi (Cg;):
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V6i Vi, Vg la thé tich pha 1ong va pha khi, m‘ va m® 1a khdi lwong chit tan trong pha long
va pha khi.

Going, Vm la $6 mol va thé tich mol cua pha léng, ng, Vi 1a s6 mol va thé tich mol cua
pha khi, thé tich cac pha dugc xéc dinh:
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V&i My, pi la phén tir khdi va khéi lugng riéng cua pha long.
Me, pc 12 phan tir khdi va khéi luong riéng cta pha khi.
Khdi luong chit tan trong pha 16ng va pha khi dwgc tinh:
miL = niL'Mi ®)



m® =n’.M, (6)
Vé6i M; 1a phan tir khéi chét tan, n" van® 1a sd mol ciia chat tan i trong pha 16ng va pha khi.

Tur cac phuong trinh trén, suy ra:
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Voix, yilaty phén mol cta chat tan i trong hai pha long va khi.
Hé s6 phan bd ciia chat tan i trong hai pha 10ng va khi:
Ci_1pM
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Vé6i K, =y, /X 12 hé sb can bang ciia chét tan i trong hai pha long va khi.
bé xéc dinh hé sb phan bd Kgi, can tinh hé sd can béng cta chét tan Kj, va khéi lugng
riéng, phan tir khoi cua cac pha pi, pg, Mg, ML.
Céc budc tinh toan bao gom:
- Xac dinh hé sb can bang cua cac thanh phan trong hé khi-condensate

- Tinh toan Flash xac dinh ty phan mol ciia cac thanh phéan trong pha l6ng (condensate)
va pha khi
- Tinh phan tir khi ctia pha 1ong (condensate) va pha khi
- Tinh khéi luong riéng ctia ctia pha 10ng (condensate) va pha khi
- Xéc dinh hé sb can bang ciia cac chat PFCs
- Tinh toan hé sé phan bb.
Hé s6 cdn bang ciia cdc thanh phan trong hé khi-condensate:

. O céc dicu kién ban dau ve nhiét do va ép suat ciia cia mé khi-condensate, cac thanh
phan hydrocacbon ton tai dudi dang mdt pha khi dong nhat. Tuy nhién, khi 4p suat giam, sy
ngung tu cua hydrocacbon tir pha khi sang pha long s€ xay ra. Do sy ngung tu nay, khi diéu
kién mo thay ddi, ca pha khi va pha condensate s& thay doi thanh phan lién tyc. He sO can
bang cua thanh phan i trong hé khi-condensate (K;) duoc dinh nghia 14 ty s giita ty phan mol
cua chat i trong pha khi va trong pha condensate. Nghién ctru ndy st dung tuwong quan
Whitson va Torp (1981) dé xac dinh h¢ sd can bang cua cac thanh phan trong hé khi-
condensate [2]:
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Véi Pgi 14 4p suét toi han cta thanh phan i (pS|g) P 13 ap suit cua ¢ (psig), T la nhiét do cua
hé (°R), T 1a nhiét do t6i han cta thanh phan i (R), wj la tham sb acentric cta thanh phan i.



Tham sb ; c6 thé dugce tinh theo twong quan Edmister (1958).

Rzasa va cong sy (1952) dé dua ra cong thie tinh Pk cho cac hydrocarbon dya trén trong
lugng riéng (y) va khoi lugng phan tir (M) cua Cr. [3]:
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Ty phan mol ciia cdc thanh phan trong pha léng (condensate) va pha khi

Ty phan mol cua cac thanh phan trong pha 10ng (condensate) va pha khi khi ciing ton tai
& nhiét d6 va ap suat da biét dugc xac dinh thong qua tinh toan Flash [4].
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Trong do: ng, n la ty phan mol cua pha khi, pha long; X lan luot 1a ty. phan mol cua thanh
phan i trong pha long, pha khi va hon hop, zi 1a ty phan mol cta thanh phan i trong hon hop.
Tinh phdn tir khoi ciia pha long (condensate) va pha khi:

Phan tir khdi ctia cac pha dugce tinh dua trén ty phan mol va phén tir khdi ctia cac thanh
phan trong pha qua cong thurc:
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Tinh khoi lwong riéng cia cia pha léng (condensate) va pha khi:

Trong nghién ctru nay, khbi luong riéng cua pha long va pha khi dya trén phuong trinh
trang thai Redlich-Kwong. Tinh kho1 lugng ri€éng cua pha 16ng (L) va pha khi (G) (1bm/ft3):
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Trong d6: Z"°,Z° 1a do ctia cac pha; cac tham sb aj, bi cho céc thanh phan; P 13 4p sudt (psi),
T 1a nhiét do (R), R = 10.73 psia-ft*/Ib-mole -°R.

Tinh hé s6 can bang cia cdc chat PFCs:

Hoffmann, Crump va Hocott (1953) [5], Brinkman va Sicking (1960) [6], Kehn (1964)
[7], va Dykstra va Mueller (1965) [8] cho rang bat ky thanh phan hydrocacbon hoac non-
hydrocacbon déu co thé duoc dic trung bang cach két hop nhiét d6 diém soi, nhiét do téi han
va ap suit t6i han thanh mot tham sé dic tinh. Dua trén nghién ctru ctia Hoffmann va cong su
(1953), Standing (1979) di dwa ra biéu thic xac dinh hé sé can bang K; cho cac chait
hydrocarbon [9]:

1 a+ck
K, ==10""
P (19)

Trong do: a, ¢ 1a cac tham so phu thudc vao ap suat:

a=1.2+0.00045P +15.10° P (20a)



c=0.89-0.00017P-3.5.10°P? (20Db)
Trong nghién clru nay, nhom tac gia s dung tuong quan Whitson va Torp (1981) dé
xac dinh h¢ so can bang cua cac thanh phan trong hé condensate - khi va st dung twong quan
Standing (1979) dé tinh toan hé s6 can bang cua cac chat PFCs. Cac tham so phu thudc cua
tuong quan Standing (1979) ciling da dugc hi¢u chinh cho PFCs trong hé condensate/khi..
Thwc nghiém

Thuc nghiém do hé $6 phan bd cla cdc chat PFCS bao g(‘A)m, PMCP, PMCH, oct-
PDMCH va PTCH trong‘hai pha condensate/khi trén doi tuong Iuu chat thu thap tr mo STT
dugc tién hanh bang ¢ diéu kjén r;hiét dd 70°C va dai 4p suat tir 1000-2000 Psi dé kiém chirng
phuong phép tinh toan vura dé xuat.

Thong sb vat 1y ctia cac chit PFCs duoc trinh bay trong Bang 1.

Bang 1. Thong s6 vét 1y ciia cac chat PFCs.

Congthac  Khdiluong  Khdilugng  Nhiét do Ap suit
PFC hoa hoc phan t riéng to1 han t61 han
(kg/m?®) T. (°C) P(MPa)
PMCP CeF12 300 1707 177,9 2,28
PMCH C7F14 350 1788 212,7 2,02
oct-PDMCH CsF1s 400 1861 235,2 1,89
PTCH CoF1s 450 1888 257,5 1,74
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Hinh 2. So d6 hé thi nghiém.
Hé thi nghiém dugc thiét 1ap nhu Hinh 2. Cac budc tién hanh thi nghiém gom:

Budc 1. Binh chira 14 cylinder thép khong gi SS 316L c6 thé tich 50 mL d cho bi lic
(thé tich bi 1a 5 mL) dugc hut chan khong (bang thiét bi bom chan khong Vacuubrand
29420301 max 1,9/2,2 m3/h, 80,0 mbar). Cho 15 mL condensate c6 thanh phan nhu Bang 2
vao mdi cylinder (bao gébm 5 cylinder). Cylinder c¢6 hai van V1, V2 ¢ 2 dau, V1 két ndi voi
dong ho ap suat. Sau d6, binh chira dugc kep trong thiét bi motor quay va thiét lap ¢ diéu kién
nhiét dg thi nghi€m trong tu gia nhiét.

Budc 2. Dung dich danh diu PFCs dudi dang l6ng trong Hexane véi ndng d6 10™ L/L
dugc bom vao LOOP ( dung cu chira chat dau 0,2 ml) va duogc dat vao ta gia nhiét thiét lap ¢
diéu kién nhiét do thi nghiém trong thoi gian 140 gid' dé dam bao dung dich danh dau hod hoi
hoan toan [6].

Budc 3. Két ndi cylinder, loop chira chat ddnh déu di hoa hoi hoan toan va hé nén khi.



Khi CH4 duoc nén vao 5 cylinder thong qua thiét bi nén RUSKA cho dén khi cylinder dat ap
suat 6n dinh & thi nghiém mong mudn 1000 psi, 1200 psi, 1500 psi, 1800 psi va 2000 psi.
Podng thoi qua trinh nén khi CH4 vao mdi cylinder gitip dua chat danh dau trong Loop di
chuyén vao binh chtra.

Budc 4. Két thiic, khod tat ca cc van, g& cic két ndi binh chira véi loop va hé khi nén.
Binh chira dugc lic trong 24 gio dé dam bao trang thai cin bang 2 pha dugc thiét 1ap [7]. Khi
binh quay (lic) s& hinh thanh dong dich chuyén ngugc giira khi va 1ong. Khi két thuc qua trinh
lic, mau khi duoc 14y thong qua van va phan tich ndng d6 chat danh dau trén thiét bj chuyén
dung.

Budc 5. Lic 5 binh chira trong ta gia nhiét trong 24 gio. Téc do quay (l4c) 1a khoang 30
vong/phut. Dung lac, dé cylinder theo chiéu doc sao cho V1 hudng xubng trong thoi gian 3
phut dé 6n dinh. Thuc hién viéc 14y mau vao tai khi 100mL & dau 14y mau khi V2. Sau khi lay
mau xong, tiép tuc bat hé thong lac. Lap lai cac bude 1y mau sau thoi gian 25 gio lac.

Bang 2. Thanh phan condensate tai diéu kién phong thi nghiém xéc dinh tir thanh phan condensate tai
dau giéng [10] va két qua tinh tir PVTi (Schlumberger Ltd.)

Thanh phan % mol
CO, 0,000009
N, 0,000002
Cy 0,003895
C, 0,003282
Cs 0,009276
Cy 0,039299
Cs 0,023172
Cs 0,081508
[ 0,839557

Tai diéu kién can bang, hé sé phan bd Ky cua chat PFCs 1a ty sd gitta nong do chat
trong pha condensate va trong pha khi:
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Trong d6 Nyt 12 s6 mol chat PFCs ban dau, ng 1a s6 mol ciia PFCs trong pha khi cua hé do, V,
va V lan luot 12 thé tich condensate va khi trong hé do.

Trong Phuong trinh (21), Vo (ML) va Vg (mL) dugc hiéu la thé tich cua condensate va
khi trong hé do tai diéu kién &p suat va nhiét do thi nghiém. Vi ham luong cac thanh phan C,
Cs, Cs... ctia condensate thay doi theo diéu kién PVT, phan tir khdi va khdi luong riéng thay
d6i, dan dén gia tri thé tich cua condensate ciing thay déi S0 Vi gid tri ban dau.

Gia sir h¢ do chira n (mol) condensate gom COy, N, C1, Cy, Cs, Cs, Ca, Cs, Cs, Cr+ V6i
ty phan mol da bi€t va ncy (mol) khi CHs. Nhu vay, can xac dinh lai ty phan mol cua cac
thanh phan hydrocarbon cua hé trén tong mol ny = n¢ + nea.

Nghién ctu sir dung phan mém phan mém PVTi (Schlumberger Ltd.) dé xac dinh qué
trinh phan tach pha long va khi cua céc thanh phan hydrocarbon tai diéu kién &p suat va nhiét
d6 thi nghiém (P1, T1), thu duoc cac thong sé nhu khdi lwong phan ti, khéi luong riéng cua
pha condensate (khi), cling nhu ty phan mol caa cac hydrocarbon trong pha condensate (khi),
va ty phan mol cua tirng pha trén tbng mol.

Thé tich condensate ltc nay dugc xac dinh dya trén cdng thic:
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Vi ng la ty phan mol cua pha khi trén tong mol, ny 12 tong mol (mol), M, la khi lugng
phan tir caa condensate (g/mol), va D, la khoi luong riéng cua condensate (g/mL) tai dieu
kién thi nghiém.

2. 2. Két qua

Thuc nghiém cho thdy hé sd phan bd cua cac chit danh ddu PFCs trong hai pha
condensate - khi giam theo chiéu ting cua ap suat. Két qua nay twong dong v6i nghién ciru
cua Dugstad (1992) trong h¢ dau tho — khi [11]. Viéc khép mo hinh tinh v6i két qua hé sb
phan bo thuc nghlem o 70 C va ap suét 1000 psi, 1500 psi, 1800 psi cho phép xac nhan lai
tham s& phu thugc a” va ¢ cia trong quan Standing (1979) trong truong hop PFCs trong hé
condensate - khi:

=a(-2.002InT,, +14.957)+(3.9128InT,, - 24.937)

¢’ =c(-2.002InT,, +14.957)

(23a)
(23b)

Két qua tinh h¢ s6 phan bd cua cac chat PFCs trong hai pha condensate - khi sir dung
cac hiéu chinh nhu d¢ cap trong Phuong trinh (23a-b) dugc trinh bay trong Bang 3 va Hinh 3.

Sai s6 giita hé s6 phan b tinh va gid tri thuc do trung binh khoang 10%.

Bang 3. Két qua hé s6 phan bd tinh tir m hinh 1y thuyét va két qua do tir thuc nghiém.

Thén Chat danh dau
6 9 PMCP PMCH oct-PDMCH PTCH
. Thyc | Tinh | Sai | Thyc | Tinh | Sai | Thuc | Tinh | Sai | Thuc | Tinh | Sai
(Psi) 7 y o 4
do SO do sO do sO do sO
(%) (%) (%) (%)
1000 | 7,37 | 6,96 5,6 11,48 | 12,32 | 7,3 1693 | 1767 | 44 | 2194 |20,85| 5,0
1200 | 446 | 5,15 | 155 | 7,77 | 5,15 | 20,5 | 12,61 | 13,87 | 10,0 | 18,20 | 16,93 | 7,0
1500 | 3,25 | 3,14 3,2 574 | 3,14 4.0 8,72 | 9,35 7,2 13,75 | 12,07 | 12,2
1800 | 1,92 | 1,82 | 51 3,42 | 1,82 6,9 6,02 | 6,08 0,9 8,48 | 8,35 15
2000 1,23 | 1,24 0,8 1,95 1,24 | 31,7 | 3,74 | 4,47 | 196 | 485 | 6,42 | 32,5
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Hinh 3. Két qua hé s6 phan bd tinh toan va gia tri do tir thi nghiém trong hai pha condensate - khi
& 70°C va 1000 — 2000 psi.




2. KET LUAN

Nghién ciru ndy cho thdy phuong phéap tinh cho sai s6 10% so véi thuc nghiém.

Phuong phép sé& 1 cong cu hitu ich cho phép udc lugng hé sé phan bd phuc vu tinh toan
luong chit danh diu bom vao mo, luong chit danh dau thu hdi va do bio hoa cua cac pha
nham hd tro ing dung ky thuat danh dau khao sat cac mo condensate-khi cuia Trung tim
Ung dung k¥ thuét hat nhan trong cong nghiép. Bén canh d6, phuong phap tinh ciing c6 thé
dugc 4p dung mo rong nhu mot phﬁn cua thuat toan mo phong su di chuyén cia cac chat
danh dau PFCs trén phén mém E300, nhim minh giai s6 liéu thuc nghi¢m danh diu va cai
tién mo hinh mé phong mo cua cong ty dau khi.
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