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Tom tat

Dai vdi cdc mé dau c6 dong thai chat luu bién doi phiic tap, @€ m hinh héa chinh xac ddc tinh dau khi theo diéu kién ap sudt - thé
tich - nhiét do (PVT) thutng phai chia ra rat nhiéu phan viing, tién hanh thu thép va phan tich thém nhiéu mau chat luu (trong thuc té, tai
moi viing thay dong luc phai cd it nhat mot giéng khai thac dugc thu thdp mau) ma két qua van chua hoan toan chinh xac. Ngoai ra, mic
d6 chitiét con bi gidi han béi s6 viing chia hiiu han trong khi xét vé mat khong gian thi dac tinh PVT chét luu cia via ¢ su bién d6ilién tuc.

Bai bédo gidi thiéu viéc ting dung phuong trinh trang thai trong diéu kién can bang nhiét déng hoc dé dua ra phuong d&n mé hinh héa
hiéu qua dac tinh chét luu cho tiing vi tri cu thé trong khdng gian (bién doi lién tuc) via Hamra thudc viing dau khi Touggourt, sa mac
Sahara. Tir d6, c6 th€ mé hinh héa ddc tinh chat luu bién doi lién tuc, gidm thiéu t6i da viéc phai ti€n hanh thu thap va phén tich thém

mau chat luu cling nhu tiét giam chi phi.

Tiwrkhéa: PVT, cén bang nhiét dong hoc, phuong trinh trang thai, md hinh hda chat luu.

1. Gidi thiéu

Cac dac tinh clia chat luu trong via chia anh hudng rat lon
dén viéc thiét ké va téi uu chién lugc khai thac/bom ép va hé
théng thiét bi bé mat dé€ quan ly md hiéu qua. Viéc dic tinh hoa
chat luu khéng chinh xac sé dan dén cac rdi ro va sai s6 16n vé
danh gia co ché khai thac, dong thai dong chay va chién lugc
thu hoi dau, tir d6 anh hudng dang ké dén két qué xac dinh gia
tri thuong mai ctia mo.

T dong thai khai thac va phan tich cdc mau chat luu &
nhiing gi€ng khoan mai cé thé thay tdng chira Hamra, thudc
vung Touggourt, sa mac Sahara, bi chia thanh nhiéu khoi véi
diéu kién nhiét dong (ap suat va nhiét do) khac nhau, tinh
chat PVT bién d&i phuc tap: ty 1& khi/dau (GOR) khac nhau
& cac giéng va khu vuc, 4p suat bao hoa, d6 nhét thay déi...
Theo phuong phap moé hinh héa thong thudng sé phai chia
ra rat nhiéu cac phan vung thay déng luc phu hgp vai diéu
kién nhiét déng, déng thoi cling phai tién hanh thu thap va
phan tich thém nhiéu mau chat luu (trong méi ving, it nhat

T
Eho = Ngay nhdn bai: 1/3/2021. Ngdy phdn bién ddnh gid va siia chita: 1- 24/3/2021.
w  Ngdy bai bdo dugcduyét ding: 1/4/2021.
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phai c6 mét giéng khai thac dugc 1dy mau) ma két
qua van chua hoan toan chinh xac. Ngoai ra, muc
do chi tiét con bi gidi han bai s6 vung chia hiu han
trong khi thuc té€ thi dac tinh PVT chét luu ctia mo
c6 su bién déi lién tuc vé mat khéng gian. Viéc ap
dung nghién ctu can bang nhiét dong hoc két hop
véi phuaong trinh trang thai da dua ra mét phuong
an hiéu quad dé mé hinh héa dic tinh chat luu cho
tung vi tri cu thé trong khéng gian (bién dgi lién
tuc).

2. Phuong trinh trang thai va can bang nhiét déng
hoc

2.1. Phuong trinh trang thdi

B4t clr phuong trinh nao thé hién méi lién quan
gilta trang thai pha cia hén hgp (hodc chat) vai ap
suat (pressure - P), nhiét do (temperature - T) va thé
tich (volume - V) déu dugc goi la phuong trinh trang
thai (EOS) [1]. Bat dau tir dinh luat Boyle - Charles st
dung cho khi ly tuéng biéu thi bang céng thuc sau:

PV = nRT M
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Trong do:
P: Ap suat (psia)
V: Thé tich (ft3)

n: S6 mol khi & diéu kién ap suat P, nhiét
dé T c6 thé tich V (mol)

T: Nhiét do (°R)

R: Hang s6 khi, R = 10,732 (psia.scf/Ib. mol.
°R).

Ban dau, EOS (1) chi dugc dp dung cha yéu
cho cac cau tu tinh khiét, sau d6 dugc phat
trién cho cac hop chat nhiéu thanh phan hon.
Khi méi 4p dung cho hén hgp, ching dugc
dung déi véi cac hén hop khong phan cuc
(cdc EOS: Soave (1972); Peng and Robinson
(1976) va cac hop chat phan cuc yéu (cac EOS:
Huron (1978); Assenlineau (1978); Graboski
va Daubert (1978)) [1]. Sau d6, phuong trinh
trang thai da phat trién nhanh chéng cho viéc
tinh toan dac tinh chat luu PVT cla cac hén
hop cd phan cuc va khéng phan cuc.

C6 nhiéu diém thuan tién cho viéc ap
dung phuong trinh trang thdi trong viéc
tinh toan dac tinh chat luu: i) dung dugc véi
khodng 4p suéat va nhiét d6 rong, ké ca vung
ap suat cao; ii) cac cdu ti c6 thé thay d8i bat ky,
tu nhe t&i nang, tir khdng phan cuc téi phan
cuc; iii) c6 thé dung cho can bang 16ng - hai,
ldng - 16ng; iv) c6 thé dung cho ca pha hoi va
pha long. Ngoai ra, cac phuong trinh trang
thai con dung dé xac dinh céc tinh chat nhu ty
trong, ap suat hai, enthalpy, entropy...

Phuong trinh Van Der Waals la phuong
trinh trang thai dau tién du dodan su cung tén
tai 2 pha 1dng - hai. Sau dé, Redlich - Kwong
(1949), Soave (1972) va Peng Robinson (1976),
Carhanan va Starling (1969), Guggenheim
(1965) va Boublik (1981), Chen va Kreglewski
(1977), Christoforakos va Franck (1986), Heilig
va Franck (1989) [1] Ian luct céi tién dé tang do

chinh xac clia phuong trinh trang thai trong viéc du doan can bang
pha, tinh ap suat hai, ty trong long, ty trong khi, ty 1& cac pha can
bang...

Bdng 1. (dcphuong trinh trang thdi EOS phd bién trong cong nghiép ddu khi

Peng - Robinson (PR) (1976) a(T)v
RT[V(V + b) + b(V - b)]
a(T)
Fuller (197 _—
uller (1976) RT(V + cb)
a(T)V
Heyen (1980) (Sandler, 1994)
RT[V? + (b(T) + c)V - b(T)c]
. a(T)V
Schmit - Wenzel (1980)
RT(V? + ubV + wb?)
T
Kubic (1982) &
RT(V + c)?
) a(T)vV
Adachi (1983)
RT[(V = by)(V + bs)]
. a(T)vV
Stryjeck - Vera (SV) (1986)
RT(V? + 2bV - b?)
a(T)V

Schwartzentruber - Renon (1989)

RT[(V + ¢)(V + 2c + b)]
Trong do:
a, b, c: Hé s6 tuong quan dugc tinh toan theo ap suat tsi han va
nhiét d6 t&i han;
w: Hé sé léch cau.

2.2. Cdn bdng nhiét déng hoc

Can bang nhiét déng gilra 1dng va hoi cta ciu td i dugc biéu thi
nhu sau [2]:

fl=1t @
Trong dé: fI,V, fiL la d6 bay hoi clia cau tir i trong pha hoi va pha
léng.
Tuy nhién, trong thuc té, thudng st dung phuong trinh sau:

Ki = 7 (3)
K. dugc goi la hang s6 can bang pha Iéng - hai clia cau tif i, bang
ty lé gitta phan mol clia cdu tri trong pha hai (y) va phan mol ctia né

trong pha I6ng (x). Phuong trinh nay con dugc goi la Dinh luat Henry

Bding 2. Tom tdt cdc ddc tinh ddu - khi tir cdc giéng khai thdc via Hamra

Mau A
Chiéu sau (mTVD) x630
Ty s6 khi dau (sm?/sm?3) 174
Ap suét bao hoa (psi) 2340
Hé s6 thé tich (rm3/sm?3) 1,609
Ty trong (API) 42,1

B C D E F G
X622 x407 x460 x421 x029 x683
126 175 170 178 180 124
1608 2234 2130 2123 2500 2021
1,610 1,605 1,631 1,691 1,397 1,356
43,8 42,8 42,9 42,0 441 44,8
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Hinh 1. Quan hé thanh phén C, va C + vdi chiéu sdu.
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Hinh 3. Quan hé dp sudt bao hoa vdi chiéu sau.
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va hang s6 K dugc biéu thi giéng nhu hing s6
Henry.

Phu thudc vao tiing hé théng ma cé thé
st dung mét sé phuong phap xéac dinh hang
sO K. Phuong phép do thuc nghiém dugc ua
chudng nhat nhung tén kém va mat thai gian.
Ngoai ra, mét vai cong cu dé thi (graphical
tool) va phuong phap s6 (numerical tool) cling
dugc dung dé xac dinh hang s6 K.

Théng thudng, hang sé K la mét ham cla
ap suat, nhiét dé va thanh phan phaléng - hai.
Tuy theo cac cdu ti cé trong hé théng, ap sudt,
nhiét do, thanh phan va mic d6 phan cuc
héa ma c6 thé dung cac phuang phéap khac
nhau. Cac phuong phap dugc dung réng rai
la gian dé K (K value chart), dinh luat Raoult,
ap dung phuaong trinh trang thai (EOS). Dya
vao phuang trinh can bang nhiét dong hoc,
ti thanh phan hén hop ban dau, thanh phan
cac cau trtrong hon hgp sé dugc tinh toan tuy
thudc diéu kién nhiét do, ap suat bat ky [3].

3. Ap dung cho viéc chinh xac héa phan bé
dac tinh dau khi, déi tuong Hamra thuéc
vung Touggourt, sa mac Sahara

Via dau Hamra nam trong viing Touggourt
Algeria, thuéc sa mac Sahara, cach thu do
Algiers khoang 500 km vé phia B6ng Nam. Tu
cap nhat dong thai khai thac va phan tich PVT
cac mau & nhiing giéng mai khoan c6 thé thay
via bi phan thanh nhiéu khéi khac nhau, tinh
chdt PVT ctia mé bién d6i phic tap nhu GOR
khac nhau & cac giéng, khu vuc, dp sudt bao
hoa, do nhét thay déi... (Bang 2).

Bang 2 cho thdy d6i tugng tang Hamra
chiia dau loai nhe véi ty trong  tlr 42 - 45 °API,
clng d6 la ty s6 khi - dau bién déi tur 124 - 180
sm3/sm?3. Hé s8 thé tich dau thay déi tu 1,35 -
1,69 rm3/sm3, Dau trong diéu kién via ban dau
& trang thai chua bao hoa vdi 4p suat diém bot
trong khoadng 1608 - 2500 psi. DO nhdt thay
déitu0,2-0,5 cp.

DE gidi mé hinh héa dac tinh chat luu clia
md, theo cach théng thuang sé phai chia ra
nhiéu cac phan vung thay luc véi dac trung
PVT riéng, nhu vay trén toan dién tich nghién
cUu phai tién hanh thu thap va phan tich thém
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Hinh 4. Két qud khdp sd liéu thi nghiém cho phuong trinh trang thdi EOS.
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Hinh 5. Ho bang PYT ctia chdt luu tang H md B.

rat nhiéu mau chat luu (trong méi vung, phai thu thap mau it nhat tu
moét giéng khai thac) ma két qua van chua hoan toan chinh xac, chua
ké viéc chia nhiéu phan vung sé gay ra cac 16i hoi tu trong qua trinh
chay mo phong khai thac. Dong thai, mic d6 chi tiét bi gisi han bdi
s6 vung chia hiu han trong khi thuc té xét vé mat khéng gian thi dac
tinh PVT chat luu cia mé 6 su bién d6i lién tuc.

Bang cach dp dung tinh todn can bang nhiét déng hoc két hgp
véi phuong trinh trang thai, bai bao da dua ra phuong an hiéu qua
cho viéc dac tinh hoa chat luu cho bat ké vi tri cu thé trong khéng
gian (bién ddilién tuc) cing nhu giam thiéu t8i da viéc phai tién hanh
thu thap va phan tich thém mau chat luu (d6i véi nhiing ving chua
dugc lay mau). Nhat la sau thoi gian dai khai thac, thanh phan va tinh

chét chat luu cé thé bi bién d6i dé gay sai s6
I&n so v&i mau 3y tir cac giéng tham do tham
lugng.

3.1. Ap dung cdc quy ludt cdn béing nhiét déng
hoc dé tim ra phdn bé vé thanh phdn cdc cdu
t, qua dé tim ra xu thé bién déi cdc ddc tinh
PVT tuong ting

M6 hinh phuong trinh trang thai EOS dugc
xdy dung dua trén cdc nguyén ly nhiét déng
hoc co ban do vay sé rat hitu ich cho viéc ngoai
suy cac gia tri vuot ra dai s6 liéu khao sat, thi
nghiém. D€ dam bao tinh tin cdy, cac tham sé
nhiét dong hoc trong mé hinh PVT dugc tao ra
dua trén viéc st dung cac phuong trinh trang
thai da duogc hiéu chinh véi cac s6 liéu do tu
phong thi nghiém. Qua trinh mo hinh héa chat
luu theo phuong trinh trang thai gém cac budc
quan trong sau: t6i uu sé lugng thanh phan
béng cach déc tinh héa cac cau tir C+, tinh
toan can bang pha, cadc phuong phap gidi dé
dam bao tinh héi ty, hoi quy véi cac s6 liéu thi
nghiém.

Céc thanh phan nang C + chua rat nhiéu
cac déng dang khac nhau (paraffin, napthen
va chat tham) cé anh hudng I16n dén viéc xac
dinh déng thai pha nhiét dong hoc cla chat
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Hinh 6. So sdnh viéc md hinh hda ddc tinh PVT chdt luu (dp sudt bdo hoa).
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Hinh 7. Két qud phuc héi lich st khai thdc mé hinh tdng H md BRS.

Iuu. Chdng han nhu & khi condensate, ap sudt ngung tu bi anh hudng
manh bai ham lugng mol cGa C +. Trong dau nang, thanh phan C +
anh hudng I6n dén d6é nhdt, thanh tao asphaltene va wax. Tuong tu
nhu vay, trong dau nhe, thé tich dau va cac tinh chat khac & ap suat
thap hon ap suat bao hoa dugc xac dinh bai ham lugng cac thanh phan
trung binh va nang.

Dua trén sé liéu ban dau, mac du da cé d€n 9 mau chat luu, nhung
cac tham s6 PVT (thanh phan céu tir C, va C+, GOR, ap suat bao hoa...)
b méi lién hé kém do chat lugng mau va do chua dam bao, nhiéu tap
chat gay badn mau va anh hudng dén két qua do. Trén co s& ly thuyét
vé can bang nhiét déng hoc va phan ly trong luc, két hop véi phan
tich danh gid cac s6 liéu thi nghiém phan tich mau PVT tur cac giéng
khai thac trong vung nghién ctiu, nhém tac gia da loai bo dugc cac
yéu t6 anh hudng, déng thai tim ra quy luat vé phan bé clia nhiing dac
tinh PVT quan trong nhat cing nhu phuong trinh trang thai EOS d€ moé
phong dong thai pha [1]. Két qua cho thdy cac tinh chat quan trong nhu
ham lugng thanh phan cac cau td, ap suat bao hoa, ty s6 khi hoa tan...
¢ quan hé véi dé sau via (Hinh 1 - 3). K&t qua mé phong phuong trinh
EOS v&i s6 liéu phan tich thi nghiém cho cac théng sé chinh dugc trinh
bay & Hinh 4.

18  DAUKHIi - SO 4/2021

3.2. Ap dung quy ludt vao mé hinh khai
thdc, qua dé ung véi méi chiéu sdu khdc
nhau sé c6 ddc tinh PVT khdc nhau, méi 6
lu6i trong mé hinh mé phéng ciing sé c6
mét bang PVT

Trén co s cac cau ti (tu C, - C+ N, CO,)
va cac théng sé tinh chat PVT quan trong co
quan hé vdi chiéu sau cing véi phuong trinh
trang thai EOS “Peng-Robinson” - c6 d0 lién
két t6t nhat (d6i véi bo sé liéu cta via Ham-
ra), nhém tac gia da thuc hién moé hinh héa
dac tinh dau khi diéu kién via béi hé thong
béng PVT (Hinh 5) dé dua vao st dung trong
mo hinh mo6 phdng khai thac via Hamra. Trén
cd s& ho bang nay, ing vai ting vi tri cu thé
clia mo (Mot 6 lugi trong mo hinh khai thac),
phan mém moé phong sé tao ra bang PVT
riéng cho 6 lugi dé dua vao chiéu sau.

Viéc ap dung gidi phap EOS da tao ra
v0 s6 bang PVT va luon dam bao méi 6 luéi
trong mo6 hinh mé phéng sé c6 bang PVT
riéng, khdng bihan ché béi cach chia s6 ving
htu han. So sanh véi cach dp dung phuong
phap mé hinh héa PVT truéc dé (theo cach
théng thudng, Hinh 6), c6 thé thay dac tinh
PVT cla chat luu, chdng han nhu &p suat bao
hoa, dugc moé phdng bién ddi lién tuc theo
khong gian thay vi viéc dong nhat va trung
binh hda cho cd mo hinh. Gidi phap nay via
tiét giam dugc s6 lugng mau can thu thap va
phan tich, vira chi tiét hoa dugc dac tinh PVT
cla mo. Két qua cling gitip dugc viéc phuc
héi s6 liéu lich st cho tham s6 GOR ciing nhu
dam bao can bang vat chat cia mé hinh khai
théac dat két qua tét hon so véi phuong phéap
truéc day (Hinh 7).

4. Két ludn

Viéc ung dung phuang trinh trang thai
trong diéu kién can bdng nhiét dong hoc
giup tiét gidm s lugng mau can thu thap va
phan tich, chi tiét va chinh xac héa dugc dac
tinh PVT cta cac khu vuc quanh céac giéng
khai thac hién nay cila mo, dong thai la co
sG dé t6i uu viéc l[dy mau va lua chon cac chi
tiéu phan tich cho cac giéng & giai doan tié€p
theo. M&i mét 6 luéi khac nhau sé c6 bang
PVT riéng (khéng bi han ché béi cach chia s6



PETROVIETNAM

vung hitu han). Phuong phéap nay giup két qua phuc héi
s6 liéu lich st khai thac ctia mé hinh tét hon, tur do tang
tinh tin cay cda mo hinh dy bao.
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USING EQUATION OF STATE (EOS) TO ENHANCE CHARACTERISATION
OF PETROLEUM RESERVOIR FLUIDS WITH COMPLEX BEHAVIOURS

Nguyen Hoang Duc, Tran Quoc Viet, Nguyen Hai An, Phung Van Hai
Petrovietnam Exploration Production corporation
Email: annh1@pvep.com.vn

Summary

For oil fields with complex fluid dynamics, to accurately simulate the oil and gas properties under pressure-volume-temperature
(PVT) conditions it is often necessary to compartmentalise into sub-regions, collect and analyse many more fluid samples (in fact, in
each hydrodynamic zone there must be at least one well to be sampled). However, the results are still not entirely correct. In addition, the
level of detail is limited by a finite number of sub-regions while spatially, the fluid PVT properties of the reservoir change continuously.

The paper presents the application of EQS in thermodynamic equilibrium in order to provide an effective method for modelling the
fluid properties for each specific location in space (continuous variation) from Hamra reservoir in Touggourt, Sahara desert. Thus, it is
possible to simulate the continuously variable fluid properties, minimise the need to carry out the collection and analysis of additional
fluid samples and reduce costs.

Key words: PVT, thermodynamic equilibrium, Equation of State, reservoir fluid simulation.
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