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Tom tat.

Do phan tan 1a mot trong nhitng thudc tinh quan trong mé ta su van chuyén chét luu trong
moi trudng rong x6p. Trong khai thac dau khi, d6 phan tan dwoc st dung cho céc tinh
toan thu hoi diu ting cuong ciing nhu 13 théng sé cho cac md hinh md phong mo. Panh
dau tir 1au duoc biét dén 1a mot trong nhitng phuwong phap xac dinh 6 phan tan pho bién
nhét trong truong hop thuc dia 1an phong thi nghiém. Bao céo trinh bay két qua ang dung
ky thuat danh dau xac dinh d6 phan tan doc cia mau 16i KOC (Kuwait Oil Company)
trong khudn khd hop dong trién khai giira Trung tam Ung dung k§ thuat hat nhan trong
cong nghiép (CANTI) va Vién Nghién ciru khoa hoc Kuwait (KISR). Mot loat céc thi
nghiém bom xung danh dau chu dong véi luu lugng khac nhau dugc tién hanh trén mau
16i KOC str dung HTO va FBAs nhu cac chit danh d4u. Do phan tan doc cia mau 16i sau
d6 duogc xéac dinh théng qua lam khép duong cong nong d6 chat danh dau véi 10i giai giai
tich ctia phuong trinh van chuyén khuéch tan. Két qua cho thay do phan tan doc ciia mau
I6i bang (18,0 + 0,2).10% cm.

Tir khoa: kj thudt ddanh dau, md hinh Capacitance, dé phan tan dec, mau I3i.

I. GIOI THIEU

Phan tan thuy dong luc hoc déng vai tro quan trong trong hau hét cac qua trinh vat ly
lién quan dén su di chuyen cua chét luu trong moi trudng rong x6p. Trong do6, phan tan co
hoc dic trung boi su bién thién van téc cuc bo do bat dong nhat vi md caa méi trudng rong 1a
co ché chinh dong gop vao qué trinh phan tan. Mic d6 phan tan co hoc ty 18 voi d6 phan tan
va van toc chat luu qua k& rong. Lién hé giita hé s6 phan tan doc dai dién cho qué trinh phan
tan xay ra song song véi huéng dong chay Dy va do phan tan doc a, duoc thé hién qua biéu
thac [1]:

D, =D, +a,Vv'? 1)

trong d6, D, 1a hé s khuéch tan phén tir trong méi truong rdng va v 1a van téc chat luu qua
k& rdng theo phurong dong chay.

Do phan tan 1a mot trong nhitng thudc tinh cia moi trudng rong x6p. Trong khai thac
dau khi, d6 phan tan dwoc sir dung cho cac tinh toan thu hdi dau ting cuong, minh giai két
qua thi nghiém bom ép trong phong thi nghiém. Bén canh d6, do phan tan ciing la théng s6
quan trong cho cac mé hinh mé phong mo [2, 3]. Panh dau tir 1au dugc biét dén 1a mot trong
nhitng phuong phép xac dinh do phan tan phd bién nhat trong truedng hop thuc dia 1an phong
thi nghiém [4, 5, 6]. Bao céo trinh bay mot loat cac thi nghiém bom xung dénh dau chii dong
st dung HTO va FBASs véi luu lwong khac nhau duoc tién hanh trén hai mau 16i KOC.
Nghiém giai tich mot chiéu caa mé hinh Capacitane sau d6 dwoc wng dung dé khép voi
duong cong danh diu nham xé4c dinh d6 phan tan doc cua tirng mau 16i.

1. MO HINH CAPACITANCE
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Su van chuyén khuéch tan cua
chat tan trong moéi truong rong | - C

x6p bat dong nhat nhu mau IGi =
thé hién hi¢u ung phan tan tang /
cuong, Xuat hién sém Vi phan

dudi duong cong phan bé ndng
d6 kéo dai dugc chung minh c6
thé md ta boi moé hinh hai do Tt
rong hay mo hinh Capacitance.
Mbi truong rdng chaa ving 13 Hinh 1. Minh hoa mé hinh Capacitance va hi¢u ung phan
rdng chét trong d6 qua trinh  tAn ting cudng cia dudng cong nong do chat danh dau
khuéch tan phan tir kiém soat su

di chuyén cua chit tan. Su trao d6i chit giita viing rdng chay va ving 15 rong chét duoc biéu
dién boi phuong trinh truyén khdi bac nhat phu thudc vao su chénh léch nong do giira hai
viing [7, 8, 9]. Phuong trinh van chuyén khuéch tan mot chiéu caa chat tan ¢ dang:
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trong do,
B 1a ty s6 thé tich giira viing rong chét va ving rong chay,

p=tt ©
f 1a ty phan chay,
v* 13 van téc chay trung binh,
LV
Vo= T (4)

v 12 van téc qua k& rdng trung binh,
D.: hé s6 phan tan doc c6 dang nhu Phuong trinh (1),
K*1a hé sé chuyén khéi tuong duong lién hé véi hé sé chuyén khéi K theo biéu thuc [8],
K =X (5)
fg

Nghiém giai tich mot chidu md ta nong d6 chat danh dau trong trudng hop bom xung thu
dugc tir mo hinh Capacitance (2) c6 dang

C.(xt)=L*[C. (xs)=L [ﬂ% []] (6)
Y KxBS
A=(V)) +4DL(S+BS+K*J ()

v6i M 1a khéi lugng chét danh dau, Ay, 1a tiét dién chay ciia mé hinh, s 1a bién Laplace.

Chuyén déi Laplace nguoc dang sb cua C_(x,s) ¢6 thé duogc tinh toan thong qua thuat toan
Talbot. Céc tham s6 thu duoc théng qua lam khép duong cong nong do chat danh dau voi



nghlem g|a| tich caa md hinh Capacitance bao gom hé sé phan tan (D|_) ty phan chay (f) va
hé s6 chuyén khéi (K). Tir lién hé giira hé s6 phan tan doc va van téc chat luu qua ké rong
nhu Phuong trinh (1), d6 phéan tan doc dugc xac dinh.

I1l. THUC NGHIEM
I11.1. Thiét 1ap va tién hanh thi nghiém

M?lu 161 dufO’C Iﬁy t]:l' mé Arrangement of Core Flood Experinent
KUV\{aIt o do ’Sau ’khoang, 7000 ft Pressure Displacement Pressure Pressure
co hinh tru véi kich thudce tu‘Ong Gauge Fluid Gauge Gauge

ng 6,15 cm x 3,8 cm. Thé tich @
rong khoang 3 mL tuong (ing Vvai
d6 r6ng 4%. Méu 151 du‘()’C mé.l ..................... ‘..‘...‘ ........................... E

nhin va boc Teflon sau d6 dat _ :
H

vao hé thi nghiém nhu Hinh 2.

Thé tich chét cua cac ong ndi, : :

van ... khoang 1,5 mL. Chat U PO PN S S B S A
danh dé:lu theo pha nudc dugc sir TU
dung gom HTO (RCA, USA) va Tracer PO Sauple
cac chat FBA (Sigma Aldrich, injection Pressure
98%) nhu 2-FBA (2-Fluorinated Hinh 2. So @& thiét I3p h¢ thi nghiem
Benzoic Acid), 2,4-DFBA (2,4

Di-fluorinated Benzoic Acid), 4-FBA (4-Fluorinated Benzoic Acid). Cac thi nghiém danh dau
véi luu luong khac nhau trén mau 16i déu duoc tién hanh ¢ diéu kién 80°C.

Bang 1. Thong sé thi nghiém

Thi nghiém | Luu luong bom ép, Q Chat danh dau Do chénh ap suat hai dau
1 0,02 mL/phit ZH'EE:A;S‘S%GSO é‘:ﬁgﬁ_ 11 atm
2 0,04 mL/phat ZH’%):%QQSSB%??E/ L 29 atm
3 0,07 mL/phat 4H-_IFCB)?6\7:01029039 é‘:ﬁgﬁ_ 49 atm

Pau tién, mau 16i s& dugc bom rira voi nudc cit, cac dung moi nhu toluene,
isopropanol, methanol va CO,. Nudc bién pha c6 thanh phan nong d6 ion twong dong voéi
nudc bom ép mé Middle Marrat duge bom qua mau 16i sir dung bom HPLC (Shimadzu). Sau
khi diéu chinh luu Iuwong thi nghiém va cho hé 6n dinh, 3 mL dung dich chat danh dau gom
HTO va FBAs dugc bom vao mau 15i theo pha nuéc. Mau nudc sau d6 duoc lay phan doan
theo thoi gian dé xac dinh ndng d6 chat danh du. Phan tich HTO trén thiét bi nhap nhay long
va FBAs trén GC/MS. Két thic thi nghiém, bom rira hé thi nghiém.

111.2. Két qua va ban luan

Trong cdng trinh nay, c4c thi nghiém bom xung danh dau cha dong trén mau 16i KOC
sir dung HTO va FBAs nhu cac chat danh déu duogc tién hanh voi cac luu lugng khéac nhau
(0,02 mL/phat, 0,04 mL/phit va 0,07 mL/phat). Pudng cong nong do chat danh dau & tat ca
cac thi nghiém déu phan &nh hiéu ung phan tan ting cudng véi phan dudi duong cong kéo
dai. Tuy nhién do 15i trong qua trinh do mau HTO, thi nghiém 1 chi c6 két qua duong cong
nong do6 2-FBA.




Hé s6 phan tan doc (Do), ty phan chay (f) va hé sb chuyén khdi (K) dugc xac dinh thdng qua
lam khép duong cong nong d6 chat danh dau vai nghiém giai tich caa mé hinh Capacitance
(Hinh 3a, b, ¢, d, e). V&i méi luu lwong chay, duong cong danh ddu HTO va FBAS c6 cing hé
s6 phan tan doc. Ty phan chay nhu nhau duoc 4p dung cho tat ca cac dudng cong danh dau.

Bang 2. Cac tham s thu khop cua dudng cong danh dau ¢ cac thi nghiém

Thi nghiém 1 Thi nghiém 2 Thi nghiém 3
Parameter Q = 0,02 mL/phat Q = 0,04 mL/phat Q = 0,07 mL/phat
HTO 2FBA HTO 24DFBA HTO 4FBA
Tsnift (Phut) - 68 42 42 23 23

M/Ay, [M]/cm? - 1900 31000 1500 50000 1300
Q/A (cm/phut) - 0,0012 0,0028 0,0028 0,0056 0,0056

x (cm) - 6,15 6,15 6,15 6,15 6,15

O - 0,04 0,04 0,04 0,04 0,04

Dy (cm?/phat) - 0,005 0,013 0,013 0,03 0,03
K (phat™) - 0,00024 0,00064 0,0004 0,0016 0,001

f - 0,63 0,63 0,63 0,63 0,63

NRMSD - 0,34 0,16 0,49 0,35 0,50

Céc tham s6 khop ciia duong cong danh dau véi md hinh Capacitance duoc thé hign trong
Bang 2, trong do6 thoi gian di chuyen thuc té cua chat danh diu qua mau 16i dugc hiéu chinh
thoi gian di chuyén trong cac ong n01 van,... - Tsnir. K&t qua, ty phan chay cia mau 16i la
0,63 véi sy phu hop kha tét giira 6 lieu thuc ngh|¢m va moé hinh giai tich (Normalized root-
mean-square deviation — NRMSD trong khoang 0.2 dén 0.5).
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Hinh 3a. Pudng cong nong d6 2-FBA ¢ luu lwong 0,02 mL/phut
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Hinh 3b. Buong cong nong d6 HTO va 2,4-DFBA ¢ luu lugng 0,04 mL/phut
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Hinh 3c. Pudng cong nong 6 HTO va 4-FBA & luu lwong 0,07 mL/phat

0.030 -
0.025
0.020

0.015

DL (cm2/phut)

0.010 . e

0.005 -] v

. — 1 . .
002 o004 006 008 010 012 014 016 0.18
1.2 .
v*,, (em/phut)

Hinh 4. Tuong quan giita hé sé phan tan doc DL va van téc chay trung binh v*

St dung phuong phap lam khép binh phuong t6i thiéu xac dinh lién hé giira hé sé phan
tan doc va van téc chat luu qua ke rong theo phuong trinh (1) nhu Hinh 4, d6 phan tan doc
caa miu 16i bang (18,0 + 0,2).10 cm. Hé s6 tuong quan Pearson cua sb liéu bang 0,99994.

Két qua tir thuc nghiém cho thay duong cong ndng d6 chat danh dau duoc dong gop boi
hai phan b, mot twong (g véi sy phan tan trong ving rdng chay va mot tuong Gng véi qué
trinh khuéch tan phan ti dién ra trong ving rong chét. Theo Jay K. Jasti va cong su (1988), do
tré thoi gian luu trung binh giita hai phan b sé giam khi ting hé sé chuyén khi [10]. Cac yéu
to anh huéng dén hé sé chuyen khoi bao gom sy hip phu, scale va van téc chat heu
(Griffioenet et al 1998). Vén téc chat luu cang 1on, su chuyen khdi Xay ra nhanh hon gitra
viing rdng chay va ving rdng chét. Thuc nghiém cho thay hé s chuyén khéi ting theo gia tri



van toc pha nudc nhu trinh bay trong Bang 2. M6 hinh Capacitance dugc chiing minh phu
hop trong cac tng dung nghién ciru su phan tan trong moi truong Xop.

V. KET LUAN

Ky thuat danh diu duoc tng dung dé xac dinh do phan tan doc cua mau I18i KOC. Ba thi
nghiém danh dau sir dung cap chat HTO va FBAs véi luu luong khac nhau da duoc tién hanh.
Do phan tan ciia mau 161 sau d6 duge xac dinh théng qua lam khép dudng cong ndng do chat
danh dau véi 10i giai giai tich caa phuong trinh van chuyén khuéch tan.

Nghiém giai tich ciia mo hinh Capacitance md ta khé chinh xac duong cong nong do chat
danh dau trong truong hop moi truong bat dong nhat nhu mau 16i, ¢ tiém nang (ng dung
minh giai két qua danh dau trén thuc dia.

TAI LIEU THAM KHAO

[1]. Maghsood Abbaszadeh — Dehghani & W. E. Brigham, “Analysis of unit mobility ratio
well to well tracer flow to determined reservoir heterogeneity”, Stanford University
Petroleum Reseach Institute, 1982.

[2]. S. Dutta, “Dispersivity as an Oil Reservoir Rock Property”, M.S. Thesis, University of
Oklahoma, 1984.

[3]. M. Greaves, K. M. Patel, “Surfactant Dispersion in Porous Media. Enhanced Oil
Recovery”, Eddition Technip, 1982.

[4]. H. Li, “Effective porosity and longitudinal dispersivity of sedimentary rocks determined
by laboratory and field tracer test”, Environmental Geology Journal, 1995.

[5]. Claire Welty & Lynn W. Gelhar, “Evaluation of longitudinal dispersivity from
nonuniform flow tracer tests”, Journal of Hydrology, 1994.

[6]. Jui-Sheng Chen, Chen-Wuing Liu, Ching-Ping Liang, “Evaluation of longitudinal and
transvers dispersivities/distance ratios for tracer test in a radially convergent flow field with
scale-dependent dispersion”, Advances in Water Resources, Vol. 29, pp 887-898, 2006.

[7]. C. Erin Feehleyand Chunmiao Zheng & Fred J. Molz, “A dual-domain mass transfer
approach for modeling solute transport in heterogeneousaquifers: Application to the
Macrodispersion Experiment (MADE) site”, Water Resources Research, 2000.

[8]. S. Brouyere & A. Dassargues & R. Therrein, “Modelling of dual porosity media:
comparision of different techniques and evaluation of the impact on plume transport
simulator”’, National Fund of Scientific Research, 2000.

[9]. W. J. Bond & P. J. Wierenga, “Immobile Water During Solute Transport in Unsaturated
Sand Columns”, Water Resources Research, 1990.

[10]. Jay K. Jasti, Ravimadhav N. Valdya, H. Scott Fogler, “Capacitance Effects in Porous
Media”, Society of Petroleum Engineers, 1988.



APPLICATION OF TRACER TECHNIQUE TO DETERMINE
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Abtract.

Dispersivity is one of rock characteristics which is useful for evaluation of mass
transport of fluids in porous media. In oil and gas exploration, dispersivity is used in
enhanced oil recovery calculations as well as in reservoir simulation models. Tracer
technique is well known as the appropriate approach to evaluation of dispersivity in both
field scale as well as in laboratory scale. The report presents the results of applying tracer
technique to determine the longitudinal dispersivity of KOC core sample in the
framework of a Research Contract between the Center for Applications of Nuclear
Technique in Industry (CANTI) and the Kuwait Scientific Research Institute (KISR). A
series of tracer experiments in pulse mode with different flow rates were conducted on
core sample using HTO and FBAs as tracers. The dispersivity of core sample was then
determined by matching the tracer concentration curve with the analytical solution of the
solute transport equation. The results showed that the dispersivity of the core sample were
determined as 0.18 cm.

Tar khoa: tracer technique, Capacitance model, longitudinal dispersivity, core sample.
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