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Tom tat:

Cac hop chat hitu co ton tai trong dau thd co kha nang phan bo trong hai pha dau/nudc,
cu thé 1a cac alkylphenols va aliphatic acids, cho thdy nhiéu tlern nang st dung nhu chat
chi thi tu nhién trong x4c dinh do bdo hoa dau va cac ngudn dong gop cho gleng khai
thac. Bai bao trinh bay 101 giai giai tich mot chidu md ta sy van chuyén khuéch tan cua
céc chat NPITs tir pha dau vao pha nuéc trong qué trinh bom ép. Nghiém giai tich ching
minh sy suy giam noéng d9 cua cac chéat NPITs theo thoi gian, trong do toc do suy giam
phu thudc ro rét vao hé sb phan bd cuia chit NPITs, do bdo hoa dau va van tde céc pha
qua k& rang Két qua khép nghiém giai tich véi sO liéu m6é phong mé hinh % Five-spot
d6ng nhit mot 16p su dung phan mém UTCHEM va s liéu thuc nghiém trén mé hinh vat
1y 1a kha phu hop, véi sai s6 can quan phuong trong khoang dudi 0,2 ¢ giai doan cu01
bom ép. Nghiém gidi tich thu dugc 1 co s& quan trong cho cc nghién ciru tiép theo vé
phuong phap sir dung cac chat NPITs dé danh gia dau du bio hoa trong qua trinh khai
thac.

Tir khéa: NPITs, nghiém gidi tich, sw suy giam nong dé, bao hoa dau.

1. MO PAU

K§ thuat danh diu lién giéng chi dong str dung chat phong xa hodc hoéa hoc bom vio
mo duoc biét dén nhu mot trong nhitng céng cu dang tin ciy nhét dé xac dinh cac dic trung
dong hoc ciia mo, tuy nhién, phuong phap doi hoi thoi gian quan tric dai cling nhu gia thanh
tuong d6i cao. Gan day, viéc tmg dung cac hop chat hitu co ton tai trong dau thd nhu
alkylphenols va aliphatic acids c6 kha ning phan bd trong hai pha dau/nuéc nhu cac chét
danh dau ty nhién (NPITs) cho thay nhiéu tiém ning trong danh gia ty phan dong gop cua cac
giéng bom vao giéng khai thac, thé tich quét ctia nudc bom ép ciing nhu d6 bdo hoa dau du
boi 1oi thé vé chi phi cling nhu than thi¢n v&1 méi truong [1, 2, 3, 4, 5]. Do tinh phan cuc cao
cuing d6 linh hoat ciia cac lién két hydrogen, cac chat NPITs khuéch tan dan tir pha dau vao
pha nudc trong qua trinh bom ¢€p [6]. Nghiém giai tich mo ta sy van chuyén khuéch tan cua
cac chat NPITs chi ra mdi lién h¢ tuong minh gitra sy suy giam nong do ciia cac chat NPITs
theo thoi gian vdi cac tham s6 nhu hé sd phan bd cua chat NPITs, d6 bio hoa dau va van toc
céc pha qua k& rong.

_ Nghiém giai tich sau do duogc kiém ching trén ,sc”') liéu md phong md hinh %4 Five-spot
dong nhat mdt 16p su dung phan mém UTCHEM va s6 li¢u thuc nghiém trén mo hinh vat ly.
II. NOI DUNG
I1.1. M6 hinh toan

Gia st péng do cua c}lfit NPITs gitra cac pha dat can bing tac thoi, phuong trinh van
chuyén — khuéch tan cua chat NPITs trong hai pha dau nudc dugce biéu dién [7]:
a

#-(8.C, +KS,.C )+ Vs, #.C, +K S, #.C, )-V[S,dD; +K S,4D; VC, ]=0 (1)



Trong do, ¢ la do rong ctia moi truong, Cyw 13 ndng do cua chat NPITs trong pha nudc [M/L?] ;
Sw va S,O lan luot 1a 36 bao hba cua pha nudc va ph’a dau (S~W + So = 1); Kq 1a hé s6 phan bé
cua chat NPITs; v, va v, lan luot l1a vector van toc qua 16 rong cua pha nudc va pha dau
[L/T]; D, va D] lan luot 13 tensor phan tan cua chit NPITs trong pha nuéc va pha dau [L%/T],
t 1a thoi gian [T].

Cho rang méi trudng rong dong nhat vo han, d6 bao hoa cia cac pha khong d6i va van
téc qua 16 réng ciia cac pha dong nhat theo khong — thoi gian, nghiém giai tich mot chiéu mo
ta ndng do chat NPITs C(x, t) ciia Phuong trinh (1) tng voi diéu kién dau va diéu kién bién
duoc xac dinh nhu Phuong trinh (5):

IC: €, (x.0)= {Co x €[0,40) )
0  xe(-x,0)
BC: C_(-o0,1)=0 3)
aCW(X,t) -0 (4)
ox X400
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Trong do A, B va C* 1a cac tham sb phu thudc:
A=1+(K, -1,

=(1-8,)D;, +K,S,D;,
C =(01-S, W, +K,S, v,

Nong do ciia cac alkylphenol C(x,t) c6 thé dugc biéu dién nhu sau véi X 1a bién theo
khoang céch:

dx (6)

The'i gian bom ép nwéc

Hinh 1. Minh hoa nghiém giai tich Eq. (5) v6i cac chat c6 h¢ s6 Kq=0.5, Ka =1 va Kq=2. H¢ s6 Kq
cang nho, nong do6 chat suy giam cang nhanh.

Phuong trinh (6) cho thay sy suy giam cua nong d6 chat NPITs trong pha nudc phu
thudc vao cac tham sd nhu hé sé phan bd cia chat NPITs (Kq), 46 bdo hoa dau (S,) va vén tdc



clia cac pha qua k& rong (Vox, Vwx ). Dinh nghia tdc d6 suy giam ndéng d6 chat NPIT bang hé

O - ALNC, | trong cting mdt moi trudng (van tdc cac pha, do bdo hoa dau) thi chat co hé sd
At

phan bd cang nho, toc do suy giam ndng d6 o cang 1én nhu minh hoa & Hinh 1.

I1.2. Két qua md phéng

Nghién ctru st dung UTCHEM (The University of Texas’s Chemical Simulator), phan
mém mo phong mé ma ngudén mé da pha, da thanh phan duoc phat trién boi Dai hoc Texas,
nhim mé phong qua trinh van chuyén - khuéch tan cta cac chat NPITs tir pha ddu vao pha
nudce trong qua trinh bom ép [8].

Mo hinh m¢ gia dinh thudc kiéu % Five-spot mot 16p ddng nhat, dugc thiét 1ap v6i hai
trurong hop cu thé:
e md hinh dau khong di chuyén véi do bao hoa dau ban dau va do bao hoa dau du la
0.35
e mo hinh dau di chuyén véi d bio hoa dau ban dau 1a 0.65 va do bio hoa dau du 1a
0.35

Cac md hinh ¢6 kich thude 165 m x 165 m x 12 m véi s6 6 ludi 55 x 55 x 4. Luu luong nuée
bom ¢ép 1a 65.34 m*/d.

1§ injection well

Phenol (Kd=0.16)

// -

1 Production well

4MP (Kd=0.58)

Hinh 2. Phan bb ndng do céc cht NPITs & thoi diém 0.6PV ddi véi md hinh V4 Five — spot dau di
chuyén (Soi = 0.65, Sor = 0.35).
Céc thong s6 khac ciia mo hinh gom:
- Do rdéng ¢ = 0.2, d6 nhét cua nude py = 0.7 cp, d6 nhét cta dau po =4 cp;
- B9 phéan tan doc va ngang tuong tng 1a apr. = 0.03 m, apr = 0.003 m;

- Puong tham pha dugc thé hién qua mé hinh Corey véi cic thong sd: critical water saturation
Sewr = 0.3, residual oil saturation Sor = 0.35, water endpoint: 0.15, oil endpoint 0.85, water
exponent: 1.5, oil exponent: 2, endpoint mobility ratio: 1.

Bang 1. Hé s6 phan bd Ky ctia cac chat NPITs dugc sir dung trong mé hinh

NPITs Hé s6 phan b Nong d6 ban dau Nong d6 ban dau




K,=C,/C, trong dau (mg/L) trong nudc (mg/L)

Phenol 0,16 1,6 10
4-Methylphenol (4MP) 0,58 5,8 10
2-Methylphenol (2MP) 0,75 7,5 10
4-Propylphenol (4PP) 1,34 13,4 10
3,4-Dimethylphenol 1,61 16,1 10
(34DMP)

2,4-Dimethylphenol 3,09 30,9 10
(24DMP)

4-Ethylphenol (4EP) 7,37 73,7 10

Nong d6 ban dau trong pha dau va pha nudc cing hé s6 phin bd tuong tng cua cac chat
NPITs xac dinh thong qua sb liéu thuc nghiém tai phong thi nghiém Tracer cia CANTI dugc
thé hién nhu Bang 1. Cac chét gia dinh c6 cung mat do khéi, ankane number va tinh chit hoa
hoc nhung khac hé sé phan bo.

Qua4 trinh bom nudc dién ra dén 10 1an thé tich réng (PV) cia mé hinh nhdm thu dugc
toan bo dudng cong ndng dd cua cac chat tai giéng khai thac. Phan bd néng do cua chit
NPITs gitra cac pha trong méi truong gia dinh dat can bang tire thoi khi ¢6 tiép xuc dau nude.
Hinh 2 mé ta phin bd ndng d6 cac chat NPITs & thoi diém 0.6PV d6i voi mé hinh dau di
chuyén.
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Hinh 3. Pudng cong ndng d6 cac chit NPITs trong pha nudc tai giéng khai thac ciia mé hinh % Five-
spot dau khong di chuyén (Soi = Sor = 0.35, a) va m6 hinh % Five-spot dau di chuyén (Soi = 0.65 Sor
= 0.35, b). Puong nét lién mé ta s6 liéu mo phong tir phan mém UTCHEM, trong khi duong nét dut
mb ta két qua khép Phuong trinh (5) voi sb 1iéu mo phong.

Hinh 3 cho thdy néng d6 cac chat NPITs trong pha nudc giam dan theo thdi gian trong
ca hai mé hinh, trong dé cac chat c6 Kq cang nho thé hién sy suy giam ndng d6 cang 16n va
nguoc lai. Nghiém giai tich mé ta dudng cong ndng do cta cac chat NPITs thu duoc tir viée
giai phuong trinh van chuyén khuéch tan duogc sir “dung dé 1am khép véi sb liéu md phong.
Sai s6 can quin phuong chuin hoa (RMSE) giira s6 liéu mo phong va nghiém giai tich theo
giai doan bom ¢ép duogc trinh bay trong Bang 2. Két qua cho thay gia tri RMSE ¢ giai doan
som tir 0 PV — 2 PV 16n hon giai doan cubi bom ép, trong d6 chit co Kq cang lon thi sai sd
cang lon. Su phu hop gitra nghiém giai tich va duong cong cua cac chat trén mo hinh trong
khoang tir 3 PV cho thay nghiém giai tich mé ta kha tdt tbc do suy giam ndng do chit NPITs
& giai doan cudi bom ép.



Bang 2. Sai s can quin phuong chuin hoa (NRMSE) giita s6 1iéu mo phong va nghiém giai tich theo

giai doan bom ép

Phenol | 4MP 2MP APP | 34DMP | 24DMP AEP
Giai | (Kd= | (Kd= (Kd = Kd= | (Kd= (Kd = (Kd =
?;%1 0,16) | 0,58) 0,75) 1,34) 1,61) 3,09) 7,37)

Mo hinh dau khong di chuyén
0-1 | 1,445 [ 1,585 1,638 1,813 1,883 1,174 0,123
1-2 | 0,080 | 0,130 0,150 0,170 0,220 1,930 1,950
2-3 | 0,003 | 0,010 0,015 0,044 0,064 0,183 2,382
3-4 [<0,001 | <0,001 | <0,001 | 0,005 0,009 0,062 0,177
4-5 | <0001 | <0,001 | <0,001 | <0,001 | 0,001 0,015 0,197
5-10 | <0,001 | <0,001 | <0,001 | <0,001 | <0,001 0,002 0,059
Mo hinh dau di chuyén

0-1 | 1,115 [ 1377 1,469 1,744 1,849 1,285 0,215
1-2 | 0118 | 0,161 0,169 0,147 0,169 1,939 2,103
2-3 | 0,001 | 0,004 0,006 0,018 0,029 0,109 2,469
3-4 [<0,001 | 0,002 0,003 0,007 0,007 0,025 0,118
4-5 <0001 | <0,001 | <0,001 | 0,002 0,003 0,004 0,144
5-10 | <0,001 | <0,001 | <0,001 | <0,001 | <0,001 0,002 0,046

I1.3. Két qua thwe nghiém

Thi nghiém mo phong qua trinh van chuyén khuéch tan cua cac chat NIPTs duoc tién
hanh trén mo hinh nuéc day dau qua cot nhoi bi thay tinh nham kiém ching nghiém giai tich.

So db bb tri thi nghiém duoc trinh bay nhu Hinh 4 véi mau dau thd ciia mo Su Tir Nau
va nudc cit & 40°C. Hé sb phan bd Ky cua cac chit NPITs duoc do trong diéu kién tiép xtic
tinh giita hai pha dau/nude. Két qua hé s6 phan bd va nong do cia chat NPITs trong pha dau
dugc trinh bay trong Bang 3.

Thong s thi nghiém dwoc mé ta trong Bang 4.
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Hinh 4. So d0 thi nghiém trén mo hinh vat 1y.

Bang 3. Nong d¢ ciia cac chat NPITs trong pha dau va hé s phan bd tuong tng trong diéu kién thi
nghi¢m

NPITs Hé s6 phan b Nong do ban dau | Gidi han phat hién
K,=C,/C, trong dau (mg/L) cua chat NPITs
trong nudc (mg/L)
Phenol 1,0 134 0,03
4-Methylphenol (4MP) 1,3 128 0,06
2-Methylphenol (2MP) 1,5 137 0,03
3,4-Dimethylphenol 2,1 194 0,10
(34DMP)
2,4-Dimethylphenol 3,1 291 0,04
(24DMP)
4-Ethylphenol (4EP) 7,5 491 0,05

Bang 4. Thong s thi nghiém trén mé hinh vat 1y

Noi dung Thong s6

Cot thép khong ri (SS316L) Chiéu dai: 30,5 (cm)
Buong kinh trong: 1,6 (cm)

Bi thuy tinh Puong kinh trung binh: 100 - 150 um
Khéi lugng riéng: 2,7 g/em’

Thé tich réng cua cot nhoi (PV) 24,0 cm® (46 rong 41%)

Dau thoé mé Su Tir Nau Khéi lugng riéng ¢ 40°C: 0,82 g/cm’

Nudc cat Khéi luong riéng ¢ 40°C: 0,992 g/cm?

Luu lugng bom ép nudc 0,3 ml/phut

Do bio hoa dau tai 11 PV 67% thé tich rong (PV)

Nudce cAt dugc bom vao cot da béo hoa da:‘lu v6i luu lugng 0,3 mL/phut va mau nuoc
dugc lay roi rac theo thoi gian cho dén khi dat xép xi trang thai bdo hoa dau du (67%) tai the
tich bom tich liiy theo khong gian rong 11 PV. Trang thai bao hoa dau du dugc hicu la trang



thai dau con lai bi mic ket trong khong gian rdng, khong thé thu hoi thém trong cing ché do
bom ép. Trong thi nghiém nay, trang thai bio hoa dau du dugc chon khi su khac biét giita hai
gi4 tri do bdo hoa dau lién tiép khoang 1%. Nong do cac chét alkylphenol trong miu nudc
duoc phan tich trén thiét bi séc ky long HPLC Dionex Ultimate 3000, detector DAD, c6t C18.
Gi6i han phat hién cta phuong phap phan tich khoang 107, chi tiét dugc trinh bay trong Bang
3, v6i d6 tin cay 95% va sai s6 phép do 3-5%.
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Hinh 4. Duong cong néng,dé cac chit NPITs trong pha nudce theo thoi gian bom €p (tréi); Pudng nét
dtrt mo ta két qua khop Phuong trinh (5) véi sO liéu thue nghiém (phai).

Nong d6 cac chat NPITs trong pha nudc tai dau ra ctia mo hinh giam dan theo thoi gian
bom ép duoc thé hién nhu Hinh 4, trong d6 tdc d6 suy giam ndng do ctia Phenol 14 16n nhét
va 4EP 1a nho nhit. S6 liéu thyc nghiém sau d6 dwoc lam khép v6i nghiém giai tich mo ta
duong cong ndéng do cua cac chit NPITs qua Phuong trinh (5). Sai s6 cin quin phuong chuan
hoa (NRMSE) giira sb liéu thuc nghiém va nghiém giai tich trong khoang tir 0,02 dén 0,2 khi
ty phan nude khai thac gan bang 1 (2 PV — 11 PV). Két qua chi tiét duoc trinh bay trong Bang
5.

Bang 5. Sai s6 can quan phuong chuin héa (NRMSE) giita s lidu thuc nghiém va nghiém giai tich
theo giai doan bom ép

(g)l:lll Phenol AMP 2MP 34DMP 24DMP AEP
o) (Kd=0,16) | (Kd=0,58) | (Kd=0,75) | (Kd=161) | (Kd=3,09) | (Kd=737)
0-2 0,46 0,48 0,47 0.43 0.33 0,22
2-4 0,06 0,06 0,06 0.20 0,10 0,20
4-6 0,06 0,07 0,05 0,09 0,06 0.13
6-8 0,05 0,05 0,04 0,06 0,05 0,05
8-11 0,03 0,02 0,02 0,02 0,02 0,06
V.KET LUAN

Nghiém giai tich mot chiéu mé ta sy van chuyén khuéch tan cta cac chat NPITs tir pha
dau vao pha nuéc da dugc kiém ching trén s6 liéu md phong mo hinh Y% Five-spot dong nhét
mot 16p sir dung phan mém UTCHEM va s6 liéu thuc nghiém trén mo hinh vat 1y. Két qua
ching minh trong ciing mot diéu kién moéi truong, toc do suy giam nong do cia cac chat
NPITs theo thoi gian phu thude chu yéu vao hé sb phan b, trong d6 chét c6 hé sb phan bd
cang nho thi toc d6 suy giam nong do cang lon. Két qua khdp cho thiy nghiém giai tich kha
phu hop voi s6 liéu mo hinh véi sai s cin quan phuong trong khoang duéi 0,2 ¢ giai doan
cuodi bom ép.



Ké',t qua nghién ctru 13 tién dé xay dung phuong phap danh gia d bao hoa dau 0 giai
doan cu6i bom ¢p cing nhu nhiing ng dung lién quan dén nghién ctru sy vén chuyén cua
Non-Aqueous Phase Liquid (NAPL) trong 6 nhiém moi trudng.

TAI LIEU THAM KHAO

[1]. R. Sinha, K. Asakawa, G.A. Pope, K. Sepehmoori. Simulation of natural and partitioning
interwell tracers to calculate saturation and swept volumes in oil reservoirs. SPE/DOE
Symposium on Improved Oil Recovery, Tulsa, Oklahoma. 17 — 21 April, 2004.

[2]. Kazuhiro Asakawa. A generalized analysis of partitioning interwell tracer tests.
University of Texas. 2005.

[3]. HTT. Huong, LT. Tai, NH. Quang, LV. Son. Determination of contribution proportion of
injection wells in oil production by interwell tracer method using partitioning organic
compounds from crude oil. Petrovietnam Journal. 2019.

[4]. TB. Cuong, NH. Phan, NH. Quang. [Interwell tracer method using partitioning
compounds naturally existing in crude oil for determination of residual oil saturation.
Petrovietnam Journal. 2016.

[S]. Nguyen Hong Phan, Nguyén Hitu Quang, T6 Ba Cuong, Huynh Thi Thu Huong, nnk.
Phat trién mé hinh mé phong qud trinh vin ddng cia cdc chat chi thi tw nhién (NPIT) dé ddanh
gid triv lwong dau trong khai thdc. Vién Nang luong nguyén tir Viét Nam.

[6]. Marisa loppolo — Armanios. The occurrence and Orrigins of Some Alkylphenols in Crude
Oils. Curtin University of Technology. 1996.

[7]. O. Huseby, A. Haugan, J. Sagen, J. Muller. Transport of organic components from
immobile and bypassed oil in porous media. American Institute of Chemical Engineers
Journal. 2003.

[8]. Center for Petroleum and Geosystems Engineering, University of Texas. Reservoir
engineering research program: Volume Il — Technical documentation for UTCHEM — 9.0 — A
three-dimensional chemcical flood simulator. 2000.



AN ANALYTICAL SOLUTION DESCRIBING THE TRANSPORT OF
PARTITIONING ORGANIC COMPOUNDS FROM OIL PHASE TO
WATER PHASE DURING WATERFLOODING

HUYNH THI THU HUONG!, NGUYEN HUU QUANG!', LE VAN SON!,
TRAN TRONG HIEU'
! Centre for Applications of Nuclear Technique in Industry, Vietnam Atomic Energy Institute.
Email: huonghtt@canti.vn

Abtract.

Partitioning organic compounds naturally existing in crude oil able to distribute in
the oil/water phase, such as alkylphenols and aliphatic acids, have shown great
potential for use as natural partitioning inter-well tracers (NPITs) in oil saturation
determination and sources contributed to the production well. The paper presents
a 1D analytical solution describing the advection-dispersion transport of NPITs
from the oil phase to the water phase during waterflooding. The analytical
solution demonstrates the decrease in the concentration of NPITs over time, in
which the decline rate depends significantly on NPITs partition coefficient, oil
saturation and pore velocity of the phases. The results of matching analytical
solution with simulation data of %4 Five-spot homogeneous single-layered model
using UTCHEM software and experimental data on the physical model are quite
consistent, with the root mean square error in the range below 0.2 at the end of
waterflooding. The analytical solution obtained is an important basis for further
studies on the method of using NPITs to evaluate the residual oil saturation in the
extraction process.

Tir khoa: NPITs, analytical solution, the decrease of concentration, oil saturation.



