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Tom tat

Han 20 ndm qua, cong nghé chup cat I6p duoc st dung trong nganh cong nghiép dau khi dé nghién ciiu dac tinh méau 16i va truc quan
héa dong chdy luu chat [1 - 8]. Trong d6, chup cdt I6p dinh tinh cung cap thdng tin vé tinh bat déng nhat [9], su thay doi thach hoc, khe
ndt, hang hdc va mdc d6 xam nhap ctia dung dich khoan. Chup ct 16p dinh lugng ngoai cac ting dung trén con ding dé tinh mét do tong
(bulk density), dd rong va hiéu chudn dutng cong dia vat Iy giéng khoan.

Bai bao gidi thiéu phuang phap du bao tinh chat da via (nhu' mét do hat, do rong. . .) tirkét qua chup cat I6p theo phuong phap chup
cat16p 2 mic nang lugng (Dual-Energy CT Scanning - DECT) tai 140 kV va 80 kV. Két qua chup cat I6p dugc so sanh vdi gia tri dudng cong
dia vat Iy, cho thay tiém ndng Idn trong viéc xac dinh cac tinh chat vat Iy cla da chia cling nhu chat luu via.

Turkhoa: Chup cdt I6p 2 mdc nang lugng, dac tinh da chia, tan xa Compton, hiéu ting quang dién, do rong.

1. Giéi thiéu

Chup cét 16p la ky thuat xtr ly hinh anh khéng pha hay
mau, tan dung cong nghé tia X va cac thuat toan tai tao
dé xay dung cac mat cdt ngang va doc clia vat thé. Khéng
chi ing dung trong y té, chup cét I16p da dugc st dung dé
nghién ctu dat da via trong nganh céng nghiép dau khi
hon 20 nam qua [1 - 8]. V& co ban, chup cat I6p trong nganh
céng nghiép dau khi c6 thé chia lam 2 hudng chinh la mé ta
dac tinh mau 16i va truc quan héa dong chay luu chat.

Ung dung ky thuat chup cdt I6p trong mé ta dac tinh
mau 16i gom viéc chup cac mau dudng kinh 16n va mau 16i
duang kinh nhé (plug). Chup cat I6p trong diéu kién mau
bdo quan rat hitu ich cho cac mau khong cé két hay nhiing
mau thi nghiém ma khéng lam anh huéng dén trang thai
dinh uét ctia mau. Chup cat 16p dinh tinh cung cap thong
tin vé tinh bat déng nhat [9], su thay déi thach hoc, khe nuit,
hang héc va mdc d6 xam nhap cta dung dich khoan. Chup
cét I6p dinh lugng ngoai cac ting dung trén con dung dé
tinh mat dé téng, dé réng va hiéu chuan dudng cong dia
vat ly giéng khoan.
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=¥ gay gcauyet dang

Phuong phap chup cat I6p dugc dung nhiéu trong
viéc truc quan hoa dong chdy chat luu bang cach s
dung chat danh dau phéng xa (dopants) dé theo déi su
dich chuyén luu chat bén trong mau 16i théng qua qua
trinh bom ép. Chat danh ddu nay tao ra d6 tuong phan
gita cac pha luu chat giup quan sat va dinh lugng su
thay déi cling nhu phan b8 dé bao hoa chét luu trong
mau, quan sat hiéu Ung trong luc va hiéu ing ngén tay,
hién tugng chat luu bi bay lai hay trugt qua, hiéu (ing
bat dong nhat cta dong chay. Chup cét 16p la cong cu
rat t6t dé quan sat hiéu qua viéc xtr ly luu chat nhu: acid,
gel, polymer, hai néng va bot cung vaéi viéc gilr mau
trong diéu kién via bang thiét bi git mau chuyén dung.
Khi tién hanh thi nghiém dong chay 3 pha, chup cat 16p
cung cap gidi phap hiéu qua dé tinh toan cac dé bao
hoa tai ché riéng 1€ [1, 10, 11].

Nam 1987, Wellington va Vinegar [1] lan dau tién
chi ra tuong quan cta hinh anh chup cét 16p v6i mat
dé téng (bulk density) va sé nguyén ti (atomic number)
dua trén quan sat viéc quét mau & muc nang lugng cao
(trén 100 kV) - khi hiéu tng tan xa Compton chiém uu
thé va nang lugng thap (dudi 100 kV) - khi hiéu ting hap
thu quang dién chiém uu thé. Ky thuat chup cat I16p 2
muic nang lugng dugc dp dung cho mau 16i c6 dudng
kinh nho (plug) va dudng kinh Ién (full diameter) vai
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khodang cach gilta cac lat cat can xdr ly 1a 5 mm dé gidam
khoi lugng s6 liéu can xu ly. Bai bao nay tap trung vao du
bdo tinh chat mau 16i bang cach st dung ky thuat chup
cat I6p 2 muc nang lugng.

2. Chup cat I6p 2 miic nang lugng (DECT)

Khi chup cat |6p 2 muic nang lugng, mau sé dugc quét
2 1an cung vi tri nhung strdung 1 muc nang luogng caova 1
muic nang lugng thap. Cach thiét lap muic nang lugng cao
va thap c6 thé tan dung Igi thé tuong tac ctia 2 hién tugng
chinh cua tia X la su hap thu quang dién (chiém uu thé khi
duing muic nang lugng thap) va hiéu (ing tan xa Compton
(chiém uu thé khi dung muc nang lugng cao), tuong ting
vGi su phu thudc vao s6 nguyén tl va mat do electron. Xac
suat tan xa Compton phu thuéc vao nang lugng tia X va
mat do electron, trong khi d6 xac suat hap thu quang dién
tang nhanh theo s6 nguyén t va gidm nhanh khi tang
nang lugng photon. Vi vay, tu viéc do muc do suy giam
chum tia X clia 2 muc nang lugng khac nhau c6 thé gidap
tim ra lugng tan xa Compton va lugng hap thu quang dién
khi truyén qua vat liéu [12]. T d6 c6 thé tinh s6 nguyén
tir hiéu dung (Z_,) va mét do electron clia d6i tugng mau
bang cach quét 2 muc nang lugng tach biét.

Chup cét I6p 2 muic nang lugng dugc st dung rong rai
trong y té dé€ do mat do khoang chat clia xuang sau khi
loai bo hiéu ting hap thu tia X clia cdc m6 mém. Ky thuat 2
muc ndng lugng cling dugc Ung dung trong quét hanh ly
dé kiém tra cac vat liéu khéng chinh théng bang biéu d6
gitta Z . va mat a6 [13].

Wellington va Vinegar [1] d& nghi dung 100 kV nhu la
gia tri dau vao cho 2 hiéu ting clia may chup cat I6p (trén
100 kV danh cho tan xa Compton, duéi 100 kV danh cho
hap thu quang dién). M6t s6 may chup cat I6p ngay nay
c6 muc phat t6i da la 140 kV nén ding muc nang lugng
cao dé quét. Con lai c6 thé dung cac muic dudi 100 kV nhu
90, 80, 70 hay 60 kV dé lam muc ning lugng thap nhung
thong thudng thi dung 80 kV.

2.1. Céng thirc diing trong chup cdt I6p 2 mirc ndng luong

Phuang trinh dugc trich dan réng rai dung cho DECT
dugc cdng bo bdi Wellington va Vinegar [1].

bZ"
u=p [a * ez
Trong do:
W: Hé s6 suy giam tuyén tinh;
p: Mat d6 electron;
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E: Nang lugng tia X;
Z:S6 nguyén tu;

a: Hé s6 Klein-Nishina,
b: Hang s6;

n: S6 mi cla Z.

Mat dé electron p lién quan dén mat dé téng p, theo
cOng thuic sau danh cho cac loai vat liéu [14].

pp = 1,0704p - 0,1883 (2)

S6 mi n cling dugc dung dé tinh s& nguyén t hiéu
dung clia t6 hgp nhu cong thiic (3) ma trong d6 Z la s6
nguyén ti cGa nguyén té tha i trong té hgp va flatyle
clia nguyén tl dai dién cho nguyén té thit i trong té hop.

Zefr = [Z fiZl"]l/n (3)

Mac du nghién cttu ctia Wellington va Vinegar strdung
gia tri n = 3,8, nhung c6 mét s6 nghién ctu khac dung gia
tri 3,6, c6 khi la 3. Bai bao nay dung gid trin = 3,8 cho n nhu
da s6 va cling phu hgp v6i s6 mi dung trong phan tich
duong cong [14 - 17]. Bang 1 thé hién mot vai gia tri Z_ va
gia tri mat do téng tuong Ung clia Mot s6 vat liéu phé bién
can cho tinh toan khi quét 2 muc nang lugng [171.

Z . lién quan dén hé s6 quang dién, P_ nhu cong thiic

(4).

p, = [ @

Giéng nhu P, gia tri Z_, clng it thay ddi theo d6 rong.
Cac nghién ctu cho thay Z. cla calcite, dolomite va
quartz chi thay d8i 5% khi d6 réng thay d&i 35% véi nudc
la chét luu trong 16 rong. Vi vay, Z_ cho thdy tiém nédng la
chi sé thach hoc rat tét va thong qua méi quan hé dugc
mo ta trong cong thiic (4), cac gia tri Z_ |y tu chup céat 16p
c6 thé dugc chuyén doi thanh gia tri P, dé udc tinh so bo
su xuat hién cta khoang vat trong mau 16i.

Do tinh chat phi tuyén phtic tap ctia cong thiic (1) nén
kho détinh Z_ va p tai cac vi trilat cat. Angulo va Ortiz [18]
da st dung mé hinh da thic dé dinh lugng 2 gia tri nay tu
anh CT, mac du két qua bi anh hudng bai ky thuat tai tao
CT nhu hiéu ting cling chum tia gay ra béi tinh da sac ctia
tia X. Vi vay, trong cac d6i tugng mau nhiéu thanh phan,
Wellington va Vinegar da dé cap dén su can thiét ca viéc
loai bd hién tugng cliing chum tia trong qua trinh tai cau
trdc 2 muc nang lugng dé dat dugc két qua t6t bang cach
ap dung loc tia va xt ly trudc khi tai tao.
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Bdng 1. Gid tri mdt dd tong va s6 nguyén i hiéu dung cia mét s6 khodng vat

Tén Cong thuic héa hoc
Nuéc H.O0
Graphite C
Calcite CaCoOs
Dolomite CaMg(COs),
Air Air
Quartz Mineral SiO2
Aluminum Pure Al
Iron Pure Fe
Anhydrite CaSO4
Fused Quartz SiO2
Pyrite FeS;
Siderite FeCOs
Barite BaSO4
Na-Feldspar NaAlSizOs
K-Feldspar KAISisOg
Kaolinite Al>Si205(OH)4
Illite KAI3Si3010(0OH)2

Na-Montmorillonite
Ca-Montmorillonite

Chlorite Fe2MQg2AlSi2A010(OH)s
Celestite SrSO4
Talc Mg3SisO10(OH)2
Rutile TiOs
Halite NacCl

Cac may chup cat I6p chu yéu cung cap dit liéu suy
giam duéi dang s6 CT (CT number, don vi la HU) dugc hiéu
chinh bang su suy gidm clia nudc va dugc thé hién nhu sau:
K= Uy

w

CTN = x 1000 (5)

Vinegar va Kehl [14 ] da rut ra 2 phuong trinh khac tu
phuong trinh 1 ma sttdung 2 muc nang lugng thap va cao
nhu sau:

p = Ax CTNZOW - Bx CTNhigh + C (6)

(7)

7 D [E x CTNygy, = CTNpign - F17/%®
eff =

p

Vinegar va Kehl dé xuat quét qua mot sé mau 16i biét
trudc mat do tong va Z_, st dung két qua lién két s6 CT
(tai 2 muc nang lugng thap va cao) theo phuong trinh (6)
va (7) dé tinh ra cac gia tri A, B, C, D, E va F. Nhiing gia
tri nay sé dugc ap dung dé tinh P, Va Z ., cho nhitng mau
khéac. Mot s6 phan mém hién nay cé quy trinh x{ ly tuong
tu phuang phap cua Vinegar va Kehl dé tinh p va Z . lién
tuc trén céc lat cdt cho ting diém anh (voxel by voxel).

2.2. Bon gidn héa phuong trinh 2 mirc ndng luong

Quy trinh dudi day dugc st dung dé xac dinh dinh
lugng mat do téng p, va Z_, dua trén gia tri s6 CT cla

NaAlsMgSii2030(OH)s
Cao5AIsMgSi12030(OH)s

Mat dé téng (g/cc) Zest
1 7,5195
2,3 6
2,71 15,71
2,87 13,7438
0,001 7,224
2,65 11,7842
2,7 13
5,6 26
2,95 15,6847
2,2 11,7842
5,02 21,9588
3,96 21,0932
4,5 47,2008
2,61 11,5534
2,53 13,3895
2,6 11,1622
2,8 9,6058
2,65 11,462
2,65 11,8277
2,9 11,6449
3,9 30,4686
2,75 8,4538
42 19,0006
2,35 15,3295

vung quan tam (Region of Interest - ROI) trong khodng
mau |6i dugc do. Tai vi tri moi lat cat, miic nang lugng quét
la 80 kV va 140 kV.

Phuong trinh tir (2) - (6) c6 thé viét lai nhu sau:
pp = 1,0704 x[AxCT Ny, = Bx CTNy;gn+ C|- 0,1883 (8)

Phuong trinh (8) dugc sap xép lai cho don gian hon
chivai3 hé s mailam,pvaq.

pp = mx CTNy,y, + p x CTNpign + q )
Phuang trinh (7) dugc viét lai nhu sau:
D x Ex CTNygy, = Dx CTNyign - Dx F = p x Z3F,  (10)
Phuang trinh (2) dugc viét lai nhu sau:
p =0,9342 x py + 0,1759 )

Két hop (2) phuong trinh (10) va (11) thanh phuong
trinh don gian hon vai 3 hé sér, s vat nhu sau:

7% CTNjguy + % CTNygp + £ =[0,9342% py+ 0,1759] x Z373(12)

Hoac

1/3,8

7 7 x CTNygy + s x CTNpigp + t]
eff = 0,9342 x p,, +0,1759
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Giai cac phuong trinh 3 dn nay sé tim ra dugc cac gia
trim, p, q var, s, t. Ngoai ra, hé s6 quang dién ciing co
thé dugc tinh cho méi lat cit dua trén cdng thic (4). Diéu
quan trong la di liéu nang lugng cao va thap va s6 CT
phai dugc thu thap tai cing mot vi tri va ving quan tam.

thé lua chon tir cdc mau tiéu chudn & Bang 1). Cac mau
nay dugc dung dé tinh ra6 hé sé m, p, g, r, s va t nhu miéu
ta & trén . T gid tri s6 CT tai 2 miic nang lugng cao va thap
cling gid tri tuong Uing p, va Z . clla cdc mau hiéu chuén
da biét sé tinh dugc cac hé sé quét 2 muc nang lugng -

. , dugc thé hién trong Bang 2.

2.3. Thi nghiém chup cat 16p xdc dinh mat dé téong

Mau dung d@é thi nghiém dugc chon tif cdc mau dai
dién cho cac loai thach hoc khac nhau gém: da véi, da cat
két va sét phién. Ba mau nay duogc chup cat I6p tai muc
nang lugng 140 kV va 80 kV tai cung vi tri. Gia tri s6 CT
tai vuing quan tdm ctia 2 muc cao va thap dugc tinh toan
sang p, va Z_. theo phuong trinh (9) va (13) va cho két qua

2.3.1. Két qua quét mdu 16i hinh tru

Trudc tién, can chinh may chup cét I6p dugc thuc hién
v6i 3 mau chuén da biét trudc cac thong s6 p, va Z, (co

Bdng 2. Gid trj hé s6'cho cdc mdu chudn

He s6 Gid trj trong Bang 3.
m -0,8207
p 2,0109 Bang 3 cling cung cap gia tri trung binh clap,_ vaZ
a 1.245,9 cho 3 mau. Gia tri do mat do téng bang phuang phap
r 34.683 A ur R \ Al R ar ° A N
. -44.491 phan tich thong thudng cé thé tich tong lan luot 1a 1906,2;
t 6.651.160 2120; 2529,2 mg/cc véi sai s6 hiéu dung tuong ing la
Bdng 3. Gid trip, va Z  khi quét cdc mdu nhé
T CTNiow CTNhigh pe 3 Ze Plug
(mg/cm?)
1 3411,5 1789,4 2044,4 14,91 ba voi
2 3407,5 1786,4 2041,7 14,92 Avg. pb
3 3404,0 1784,3 2040,4 14,92 2041,50 mg/cc
4 3404,3 17851 2041,6 14,91 Avg. Zest
5 3402,2 1783,7 2040,6 14,91 14,91
6 3399,9 1782,6 2040,3 14,91
7 3394,4 1779,8 2039,3 14,90
8 3393,6 1779,9 2040,0 14,90
9 3394,6 17829 2045,2 14,87
1 2521,5 1480,4 2153,4 11,89 Da cat két
2 2491,5 1458,8 2134,6 11,90 Avg. pb
3 2527,2 1479,4 2146,7 11,95 2147,70 mg/cc
4 2526,2 1478,0 2144,7 11,96 Avg. Zest
5 2459,9 1437,0 2116,8 11,90 11,93
6 2552,7 1494,7 2156,6 11,98
7 2583,0 1516,7 2176,0 11,97
8 25524 1499,0 2165,5 11,93
9 2503,9 1467,3 2141,6 11,90
10 2553,0 1498,7 2164,4 11,93
11 2525,8 1480,8 2150,8 11,92
12 2538,7 1488,4 2155,3 11,94
13 2474,5 14489 2128,6 11,88
14 2496,1 1459,7 2132,7 11,93
1 3377,2 2015,0 2526,1 12,48 Pé phién sét
2 3574,8 2139,7 2614,8 12,57 Avg. pb
3 3546,0 2127,3 2613,5 12,50 2610,20 mg/cc
4 3512,9 2115,0 2615,9 12,40 Avg. Zest
5 3461,7 2091,1 2609,9 12,29 12,45
6 3580,9 2154,5 2639,6 12,46
7 3591,9 2165,1 2651,9 12,43
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Ve 0

Hinh 2. Su xudt hién cda hiéu iing ciing chiim tia trén cdc Idp cdt

-7.1%; -1,7%; -3,2% (véi ky thuat chup 3 muc nang lugng thi gia tri du bao
cao hon maot chut).

Cac gid tri trung binh p, va Z_ cho méi lat c&t c6 thé tinh toan bang
phan mém xu ly. Ngoai ra, ky thuat d6 mau Ién hinh anh cling dugc st
dung dé truc quan héa s6 liéu. Hinh 1 13 hinh &nh dugc 86 mau - mau sang
dai dién cho cac gia tri cao, mau den dai dién cho cac gia tri thap.

Hinh anh cla céc lat cat rat hiru ich trong viéc cung cdp théng tin vé
tinh d6ng nhat cling nhu cho thay sy xuat hién cla hiéu ting ciing chum
tia. TUr d6, c6 thé loai bd cac gié tri nhiéu anh hudng dén két qua (Hinh 2).

2.3.2. Két qua quét mdu 16i dudng kinh I6n

Thi nghiém chup cat I6p 2 muc nang lugng ciing dugc ap dung cho
mau dudng kinh I6n. Mau dugc khoan bang dung dich g6c nudc, bao
quan trong 8ng nhém bit kin 2 dau d€ mau khong bi xé dich, nit né do
van chuyén cling nhu gilt nguyén dugc hién trang clia mau. Mau dugc
quét tai 2 muc nang lugng 140 kV va 80 kV.

25 26 27 28

Hinh 3. Tuong quan ctia dudng cong mdt d (mau do), gid tri
chup cdt I6p 167 rac (chdm tron) va trung binh hda (dudng tim)

20 21 22 23 24

2.4. So sdnh két qud quét 2 mirc nang
luong véi dir liéu duong cong dia vat ly

Két qua dinh lugng tir viéc quét 2 muc
nang lugng dugc so sanh véi cac dudng
cong dia vat ly giéng khoan. Hinh 3 thé
hién su tuong quan cla mat do téng lay
tur dudng cong dia vat ly va tir chup cat 16p
2 muc nang lugng (diém rai rac va trung
binh hoa). Cé thé ap dung dé dich chuyén
d6 sau cho phu hgp. So sanh két qua thu
dugc ti chup cat I6p véi dudng cong dia
vat ly cho thay, do muc nang lugng cla
viéc do dia vat ly khd cao (tU 200 - 2.000
kV), nén dudng cong dia vat ly sé chiu anh
hudng clia hiéu ng tdn xa Compton la
cht yéu ma khéng bi anh hudng cda hiéu
Uing quang dién. Do vay, dan dén viéc khé
xac dinh mot s6 khoang vat nhu dolomite
trong dé carbonate.

2.5. Thinghiém do dé réng diing ky thudt
chup cdt I6p 2 mirc néng luong

V6i ky thuat chup cat I6p 2 miic nang
lugng, d6 réng clla mau dugc tinh toan tu
gia tri mat do téng va sé nguyén ti hiéu
dung theo cac budc sau:
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- Quét m3u vat tai cung vi tri qua 2 muc nang lugng
khac nhau;

- Quét mau hiéu chuan dé tao ra cac hé s6 chuan;

- Tinh mat do6 téng va sé nguyén t hiéu dung cho
tung lat cat dua trén s6 CT clla mic nang lugng cao va sé
CT clia muc néng luong thap;

- Tinh hésé quang dién P_tuZ_;
- Tinh mat d6 electron ti mat do téng;

- Tinh U, chi s6 thé tich quang dién hdp thu dua trén
cong thuc

U= P xp (14)

Dung céc biéu d6 tuang quan gilta dé réng, thach hoc
va doé bado hoa tiéu chuan ca Schlumberger dé tinh ty &
khodang vat [16, 18, 20];

Khi ty |é khoang vat dugc biét, mat d6 khung da p__
sé dugc tinh dua trén quy tac tron lan va d6 rong sé dugc
tinh theo cong thiic sau:

_ Pma=Pb (15)
Pma—Pf
3. Két luan

Bai bdo gidi thiéu quy trinh, cdng thuc tinh toan dugc
st dung cho thi nghiém chup cét I16p 2 muc nang lugng.
Nhiing hé s6 can thiét dé dua ra dugc gia tri p, va Z_ dua
trén nhing dit liéu vé s6 CT clia 2 muic nang lugng cao
va thap.

Viéc tinh toan dugc dung trén 3 mau thi va két qua
cho thay su kha quan khi st dung ky thuat nay. Viéc chup
cat I6p nay cling dugc dung ap dung cho mau 16i dudng
kinh 16n va két qua dugc so sanh véi gia tri dudng cong
dia vat ly.

Nghién ctu nay dugc tiép tuc phat trién dé tang chat
luong cla viéc chup cét I6p 2 mic nang lugng nham tinh
toadn cac thong s6 p, va Z_, chinh xac han. Bong thai, ky
thuat chup catIdp cling cho thay tiém nang I6n trong viéc
xac dinh cac tinh chat vat ly cta da chida cling nhu chat
luu via.

Cac ung dung chup cét I16p 2 mic nang lugng néu
dugc két hgp vdi cac théng tin tir dudng cong dia vat Iy va
tur biéu d6 phan tich mau 16i tiéu chuén sé cung cap théng
tin hitu ich cho c6ng tac nghién cdu dac tinh via chua.
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APPLICATION OF DUAL-ENERGY CT SCAN TO ANALYSE AND PREDICT
ROCK PROPERTIES IN CORE ANALY SIS

Nguyen Lam Quoc Cuong, Nguyen Hong Minh
Vietnam Petroleum Institute
Email: cuongnlg@vpi.pvn.vn

Summary

Tomography has been used in the oil and gas industry for more than 20 years to study core sample properties and visualise fluid flow
[1 - 8]. Qualitative tomography provides information on heterogeneity [9], petrographic change, fissure, cavity and penetration level of
drilling muds, whereas quantitative tomography in addition to the above applications is also used to calculate the bulk density, porosity, and

calibration of logging curves.

The article presents the method for prediction of rock properties (such as grain density and porosity, etc.) from the results of CT scans
using Dual-energy (T Scanning - DECT at 140 kV and 80 kV. The CT scan results are compared with the values of the geophysical curve,
showing a great potential in determining the physical properties of the reservoir rock as well as the reservoir fluid.

Key words: Dual-energy CT scanning, rock properties, Compton scattering, photoelectric effect, porosity.
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