Giai ngwoc t6 hop tai liéu cia cac hé dién cuc trong phuwong phap dién

tré suat 2D
Tom tit

Phuong phap thiam do dién tré suat 1a mot trong nhimg phuong phap dia vat 1y duoc sir
dung phd bién nhit. Phuong phap nay sir dung cac loai hé dién cuc khac nhau tly vao
muc dich va diéu kién thi céng thuc dia, mdi loai hé dién cuc c¢6 wu va nhuoc diém
riéng. Do su phat trién cua cong nghé do ghi s6 liéu, cac may tham do dién tré suit da
kénh hién nay déu c6 thé ghi dong thoi sb liéu cua nhiéu hé dién cuc khac nhau. véithei

e Nhung Cac

phan mém xu ly tai liéu hién nay chi cho phép thuc hién cho ting hé dién cuc riéng
biét. Néu mudn tan dung nhimg wu diém cua ting hé dién cuc, thi c6 thé téng hop cac
md hinh giai nguoc cua cdc hé dién cuc. Tuy nhién, bai toan giai nguoc dia vat 1y 1a da
nghiém, nghia 1a ciing sé liéu do tai mot khu vuc véi cac hé dién cuc khac nhau, sau khi
giai nguoc c6 thé cho cac mo hinh dia dién khac nhau lam cho qua trinh xi ly tong hop
gip kho khan. Dé giai quyét van dé nay, ching toi sir dung thuat toan giai nguoc to hop
ddng thoi s6 liéu caa nhidu hé dién cuc. Két qua thir nghiém trén mé hinh cho thay giai
nguoc to hop nay tét hon 1a giai nguoc caa ting hé dién cuc riéng biét. Két qua tét nhat
la su két hop gitra cac hé dién cuc — ludng cuc (PD), ludng cuc — cuc (DP) va ludng
cuc — ludong cuc (DD).

Tur khoa: giai nguoc, dién tro suat, to hop, hé dién cuc

1. Giéi thigu

Dia vat Iy (BVL) da va dang 1a mot cdng cu rét hitu ich phuc vu cho cac muc dich khac
nhau. Piém manh ciia cac phuong phap DVL 1a khao sat voi nhiéu ti 1¢, khdng can tiép
can tryc tiép dbi twong. Tai liéu dia vat Iy thuong duoc xir Iy dé xay dung mé hinh phan
bé tinh chat vat Iy lién quan dén dbi tuong dudi mat dat, qua trinh nay goi 1a giai nguoc
tai liéu dia vat ly, trong bai bao nay dé ngan gon ching tdi goi tat 1a giai nguoc. Véan dé
nan giai nhit trong giai nguoc d6 1a tinh da tri cua bai todn. Co nghia 1a s& c6 v s6 md
hinh phan b tinh chat vat Iy dugi mat dat c6 thé giai thich cho s6 liéu do trén mat dét
trong mot khoang nhiéu nhét dinh. Do vay, qué trinh giai nguoc dia vat Iy can ¢ thém

thong tin dé han ché tinh da tri, hay 1am hep mién nghiém cua bai toan. Mot phuong



phap hitu hiéu dang duogc sir dung rong rai trén thé giéi hién nay 1a sir dung to hop tai
liéu cac phuong phap DVL dé giai nguoc [1-9]. Hon nita, 46 phan giai cua cac phuong
dia vat ly 1a khac nhau, nén viéc két hop cac phuong phap trong mot qua trinh giai

nguoc t hop ciing 1am ting d6 phan giai caua két qua giai nguoc [10].

Tong quan vé giai nguoc td hop da dugc gidi thiéu trong [9]. Trong van dé giai nguoc
thi hai diém quan trong nhat can phai giai quyét. Tht nhat 1a tim dwoc mdi lién hé giira
céc tham sd vat ly ciia mé hinh, cac md hinh tham s6 vat 1y cta cac phuong phap thanh
vién c6 thé lién hé véi nhau bang méi lién két cau trac (structural link) hoic thach hoc
(petrohysical link) [9]. Thir hai 1a cach thic tién hanh giai nguoc to hop s6 liéu, hién tai
trén thé gi¢i gdm hai céch thtc chu yéu (1) giai nguoc ddng thoi tai liéu dia vat ly (joint
inversion); s liéu cta cac phuong phap DVL khac nhau dwgc tién hanh trong ciing mot
qua trinh. (2) Giai nguoc lan luot tai lidu dia vat ly (co-operative inversion). Giai ngugc
cac phuong phap ndi tiép nhau, két qua caa qua trinh giai nguoc cua phuong phap trudc
duoc dwa vao dau vao cho qué trinh giai nguoc cua phuong phap sau. Mdi cach thic
lien két mé hinh va qua trinh giai ngugce déu c6 vu diém va nhuoc diém riéng va duoc

ap dung tly theo bai toan cy thé [9].

Trong nghién ctu nay ching toi ap dung giai nguoc to hop tai liéu dia vat ly cho bai
toan dién tro suat 2D. Pay 1a phuong phap duogc sir dung phd bién hién nay véi cac hé
dién cyc théng dung bao gom: ludng cy - ludng cuc (DD), cuc — ludng cuc (PD), ludng
cuc - cuc (DP) va Wenner — Schlumberger (WS) (Hinh 1). Mdi loai hé dién cuc c6 uu
va nhuoc diém riéng [11]. Véi sy phat trién ciia cong nghé do nghi, cic may do dién da
cuc thudong cd kha niang do lién tuc cac hé dién cuc khac nhau véi chi phi vé thoi gian
khong nhiéu. Do vay, cau hoi dat ra 1a liéu khi xt Iy giai nguoc t6 hop cua cac hé dién
cuc nay voi nhau nham tan dung wu diém cua ting hé dién cuc c¢6 dem lai két qua tot
hon két qua xt ly truyén thdng timng hé dién cuc mot hay khong. Do dic diém cua bai
toan nay la thuc hién trén cing phuong phap dién tré suat nén ching toi ap dung giai
nguoc to hop ddng thoi (joint inversion). i ¢ cac nghién ctru dwoc thuc hién vé van
dé nay [11], tuy nhién trong cac nghién ctru ndy céc tac gia danh gia dua trén mo hinh
rat don gian, md hinh chi gom cac khéi ddng nhat va khong tinh dén anh huong cua bat
ddng nhit cuaa 16p trén cung. Trong nghién ciru nay ching tdi sir dung md hinh gan véi

thuc té hon khi tinh dén bat dong nhat gan mat dat. T6 hop céc hé dién cuc cua ching



toi sir dung ciing khac so vai nghién ciru ciing cua nghién ciru cua Athanasiou, Tsourlos
[11].

2. Giai nguwoc tai li¢u dia vat ly

2.1. Co bdn Vé gidi nguwec

Giai nguoc tai lieu PVL 14 qua trinh xac dinh sy phan bd tinh chat vat Iy trong khong
gian dudi mat dat tir tai liéu do dugc. Thong thuong hién nay giai nguoc duoc thuc hién

boi qua trinh giai lap, cuc tiéu héa ham sau:

0 =0y+ B0, (1)

trong d6 @4 , cong thic (2), 1a do léch (misfit) hay sai s6 (error) giira tai liéu do duoc va
tai liéu ly thuyét tinh toan tir mé hinh, @,,,, cong thic (3), danh gia tham sé md hinh, ¢6
thé 1a d6 tron (smoothness) nhu trong nghién ctru cua Constable, Parker [12], hoic bao
gom thém céc ky thuat han ché nghiém khac nhu trong cac cong trinh cua Sun and Li
[6], Tarantola and Valette [13], Sun and Li [14], Menke [15]. £ (Lagarian regulerization

parameter) la tham sb can bang gitra sai s6 va tham sb cau tric mé hinh [16].

2
04 = IWd — Wfm)I3, @)
~ .2 3
O = [[3m] )
trong do || ||, la tiéu chuén Euclidian, d=(d1, d, ..., dm)" va m=(m1, mz, ..., mn)" 1a s6

liéu va tham s6 mo hinh, f(m) 1a toan tir mo hinh hoa, trong dia vat 1y toan tir ndy
thuong 13 ham phi tuyén. W 1a ma tran duong chéo NXN phuong sai cta s liéu o (4), va

9 la toan tir hiéu (different operator).

W = diag{1/0,,1/03, .., 1/an}, (4)

Dé giai bai toan giai nguoc v6i ham phi tuyén trong dia vat 1y, thuét toan thuong duoc

str dung 1a giai lap [12]. Ham f(m) c6 thé duoc sap xi thanh chudi Taylor nhu sau:

f(me) + Am) = f(ng)) +J1)Am, )



trong d6 Am=m)-m(y) 1 Véc to thé hién sy thay ddi ctia cac tham s mé hinh, goi tat 1a
véc to bién doi mo hinh, va J() 12 ma tran dao ham ban phan ctia ham f(m) theo vec to

tham s6 mo hinh m,), Jacobian.

Tur cac phuong trinh (1), (2) (3), (4) va (5) ta co:

2 ~ 2 6
® = [Wdey — Wiayme|[, + Bllome |, ©

trong do

7
day =d—f(mg)) +Jyma. ()

Pao ham ham s (6) theo tham sé ciia md hinh m)

—— =2 Ay + BH|mz) — 2) )" Ad g, (8)
amg, [0y Alry + BH]m@z) = 2J0)" Ad )

trong 6 H = 870 and A=WTW,

10i cho dao ham nay bang khong, ta ¢ thé tim duoc véc to tham sé mo hinh théa man
diéu kién phiém ham (6) dwoc cyc tiéu hda. Sau mot vai phép bién doi ta s& tim duoc

véc to bién doi mé hinh sau budéc lap thir i (9).

Amgiqy = [Ja) Al + 5“]_1[](i)TAAd(i)]' ©)

trong d6 Adg =d —f (m(i)) la sai s6 gitra s6 liéu thyuc t& do dugc va sé licu Iy thuyét
tinh tir m6 hinh véi tham sé mg.

2.2. Gidi ngwot té hop tai ligu dién tré sudt tir cac hé dign cuc

Trong phuong phap dién trg suat su dung rat nhiéu hé dién cuc khac nhau [17]. Mdi loai

hé dién cuc ¢6 uu diém va nhugc diém riéng [18-20]. Trén thuc té phuong phap dién

tré suat thuong sir dung cac hé dién cuc duoc méd ta trong Hinh 1.
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Hinh 1: Cac hé di¢n cuc thuong dung: Wenner — Schlumberger (WS), luong cuc truc
(DD), ba cuc thugn (PD), va ba cuc nghich (DP). (Can danh ky hiéu cho ting hinh vé)

Do dién tré suat biéu kién caa cing mot mé hinh dja dién s& phu thugc vao hé dién cuc
sir dung. Dé tranh viéc gia tri dién tro suat biéu kién caa hé dién cuc nay chiém vai trd
quyét dinh trong qué trinh giai nguoc té hop. Vi du trong truong hop hé dién cuc DD
thuong c6 anh huong quyét dinh dén qué trinh giai nguoc té hop [11], nén phai thiét lap
mot hé s can bang. Trong cong trinh cia Athanasiou, Tsourlos [11], c4c tac gia dwa
vao d6 nhay mé hinh, hay ma tran Jacobian dé tinh hé s6 nay. Két qua cua cdng trinh
nay cho thiy, rit khé dé danh gia hiéu qua st dung hé sé can bang. Ching t6i cho rang
nguyén nhan c6 thé 1a do viéc tinh hé sé nay theo 6 nhay mé hinh I1a khéng phu hop, vi
ban chat caa hé sd can bang nay phai lién quan dén dién tro suat biéu kién. Do vay,
trong nghién cttu nay ching tdi str dung cach tinh hé sé can bang dya vao dién tro suat

biéu kién, ki thuat nay duoc dé xuat bai Vozoff and Jupp [10].

3. Két qua va thao luan
3.1 M6 hinh

Trong nghién ciru nay ching tdi thiét 1ap mot mé hinh Iy thuyét (Hinh 2). Gia tri dién
tré suit ciia mo hinh nay duoc chia 1am 4 nhdm va duogc tinh nhu trong bang 1. C6 thé
thiy 4 nhom dién tré bao gom nhom dién tré suat thap (Resl), nhom dién tré suat trung
binh (Res2), nhém dién tré suat cao (Res3) va nhom dién tro sut rat cao (Res4). Trong
mo hinh nay (Hinh 1), gia tri cua cac khdi trong mo hinh duoc sap xép ngau nhién. Lép
trén cing gém gié tri dién tro suat cua hai nhom Resz va Ress. Lop nay dic trung cho
I6p phu, thudng co co gia dién trg suat thay doi manh. Lép tha hai ¢6 gié tri dién tro

suit cua nhom Resz, va 16p cudi ciing c6 gié tri dién tré suat cia nhém Ress. Hai khoi



bat d6ng nhat dia phuong O1 va Oz c6 gia tri dién tré suat thap Res: va rat cao Ress. S6
liéu tinh tir mé hinh nay dwoc cong thém phan nhiéu ngau nhién, 5% gia tri dién tre suat

biéu kién, cho sé liéu md phong gan vai thuc té.

Trong md hinh ndy viéc st dung tai liéu do dién tro suat dé xac dinh cac ranh giéi H1
va H2 la twong ddi d& rang, tuy nhién viéc xac dinh cac ddi twong O1 va 02 la rat kho
khan, nhat 1a O1. Tht nhat 1a anh huong bat dong nhat 16p trén cung L1. Thé hai, doi
tuong O1 tuy c6 dién tré suat khac biét Ion so voi méi trudng vay quanh, nhung do nam
& chiéu sau 16n va nam ngay dudi 16p L2 c6 dién tré suit thip. Do vdy, mot trong
nhitng diém quan trong nhat trong bai toan nay la ddnh gia xem liéu cac hé dién cuc

phét hién cac dbi tuong O1 va O2 nhu thé nao.

Bdng 1: Gia tri dién tré suat trong md hinh (Hinh 2). Trong dé rand 1a ham ngau nhién.

Gid trj dién tro sudt cia 4 nhém dwoc ky hiéu Resi, Resz, Ress, va Resa.

Nhom Cong thic tinh Gi4 tri dién tré suat (Qm)

1.01
d
1 Res; = 10[mtz>1 ~os] 1.07
1.29
1.08

- 45.21

2 Res, = 105 *1] 42.15
46.24

31.25

rand 314.43

Res; = 1005 339.80
473.00

326.74

4 1622.43
Res, = 1005 +31] 1371.76

1941.15

1973.72
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Hinh 2: M6 hinh dia dién (e) bao gom ba I6p L1, L2 va L3 dwoc phan chia béi hai
ranh gigi HI va H2 (cdc dwong mau do), c6 hai khei bat dong nhat dia phwong O1
va 02.Gi4 tri dién tré suat md hinh thé hién trong Bang 1. Gid tri dién tré sudat biéu
kién tinh tiz md hinh céng véi 5% nhiéu ngau nhién bgi cac hé dién cuc DD (a), PD
(b), DP (c) va WS (d) dwoc thuc hién bang phan mém Res2dmod [23]. Khodng
cach giita hai dién cuc lién tiép 1a 4.0 m. Trong céc hinh (a), (b), (c) va (d) ddi mau
thé hién gia tri logarit co sé 10 dién tré suat biéu kién; cac cham mau den thé hién

Vi tri diém ldy sé liéu.

3.2 Két qud gidi nguec
a. Két qud gidi nguroc cho ting hé dién cuc

Dé kiém chung hiéu qua cua viéc két hop cac hé dién cuc. Dau tién ching tdi chay giai
nguoc cho ting hé dién cuc, st dung phan mém dang duoc st dung rong réi trén thé
gidi, Res2dinv [23]. Két qua duoc thé hién trén hinh 3. Cac két qua nay cho thiy nhin
chung céc ranh gi¢i H1 va H2 phan chia gitra cac 16p L1, L2 va L3 duoc thé hién trén
cac két mo hinh giai nguoc cia ca bén hé dién cuc. Pbi twong 02 cd thé nhin thiy trén
cac md hinh nay, nhung d6i tugng O1 trong tat ca cac truong hop déu khong rd rang.
Pbi tugng O1 nay tao thanh mot doi di thudng dién tro suat thap o cac két qua cua hé
dién cyc DD, PD va DP giéng nhu di thuong cua déi dut gdy, tham chi O1 khéng thay

thé hién trong két qua cua hé dién cuc WS.

Log,, App. Res. (€.m)

Log,, App. Res. (¢.m)
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Hinh 3: Két qua giai nguroc tai liéu cia cac hé dién cuc khac nhau, siz dung phan mém

Res2dinv [23]. Cdc dwong mau trang thé hién vi tri cua ranh gici H1 va H2 va hai doi

twong dia phwong Ol va O2.

b. Két qud gidi nguroc té hop

Céc két qua giai nguoc ndy duoc thuc hién bing chuong trinh Matlab. Ching toi da

thay ddi chuong trinh tir chwong trinh goc dugc céng bé bai Akca [21] cho céc qua

trinh giai nguoc cua bai béo nay. To hop s6 lidu cua cac hé dién cuc duoc trinh bay

trong bang 2.

Bdng 2: Ky hiéu cac té hop sé liéu tir cac hé dién cuc khdc nhau. Luweu y viét tat cia cac

hé dién cuc xem trong hinh 1.

TT Ky hiéu

Té hop s6 lieu TT Ky hiéu

T6 hop so liéu cua

cua cac hé dién cac hé dién cuc
cuc
1 PD-DD PDvaDD 5 PD-DP-DD PD; DP; va DD
2 PD-DP  PDvaDP 6 PD-DP-WS PD; DP va WS
3 PD-WS PDvaWsS 7 PD-DD-WS PD; DD; va WS
4 WS-DD WS vaDD 8 PD-DP-DD-WS PD; DP; DD; va WS

Trén hinh 4 thé hién do léch (misfit) gitra s6 liéu tinh toan ly thuyét va tai lieu de-thueté
{&-daylatailiéu tinh theo md hinh cong vai nhiéu ngau nhién). Gia tri do léch cang nho



thé hién s6 liéu tinh 1y thuyét va s liéu do cang gan nhau. Do Iéch nay suy giam mot
cach 6n dinh theo cac budc lap thé hién chuong trinh giai nguoc 1am viéc tét. Nhin
chung su khac biét do léch giira cac t6 hop sé liéu cua cac dién cuc 1a khéng nhiéu, va
dé nam trong mirc nhiéu 5%. Can luu y 1a @6 léch nho hon khong dam bao két qua giai

nguoc tét hon, ma chi can do léch nay twong duong muc nhidu 1a duoc [22].

Cac mé hinh giai nguoc cua céac té hop s6 liéu duoc thé hién trén hinh 5. C6 thé rit ra
mot s6 nhan xét sau vé cac két qua nay. Thir nhat, néu so véi két qua giai nguoc tai liéu
cuia cac hé dién cuc riéng ré thi cac két qua té hop nhin chung 1a tét hon. Luu ¥ 13 thang
mau cua hai két qua giai nguoc trén hinh 3 va 5 dwoc dat giéng nhau. Ngoai hai ranh
gioi H1 va H2 1a cac dbi twong d& xac dinh, cac ddi twong dia phuong O1 va 02 dugc
xéc dinh trong qua trinh giai nguoc t6 hop cac dién cyc 1 tét hon so véi st dung riéng
ting hé dién cyc. Tha 2, cac td hop ¢ sir dung hé dién cuc WS cho két qua khong tot
bang cac hé dién cuc con lai. TS hop giira hé dién cuc PD va DD hoic PD va DP cho
két qua rat tét, nhung két qua giai nguoc tét hon véi to hop PD, DP va DD. Diéu nay
cho thy cac két qua cua Athanasiou, Tsourlos [11] thuc hién t hop hai hé dién cuc WS
véi DD hoac WS véi PD chua thuc sy hiéu qua. Pay cting 1a su khac biét va dong gop

gquan trong nhat caa nghién ciu caa ching toi so véi nghién ciu da duoc cong bd.

—&—WSs-0D
F— PD-W5
S— PO-0P
—%—PD-DO
PO-DP-B0
DP-DPAYS
—*—DP-DO-WS
| —&—PD-DP-DD-WS

40

o

=== =T

5 15
Iterations

Hinh 4: ¢ léch (misfit) giiza tai liéu do va tai liéu tinh Iy thuyét thay doi theo budc lap

(Iterations).
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Hinh 5: Két qua gidi ngieoc té hop tai liéu cua cac hé dién cuc khac nhau (Bang 2), sir
dung chirong trinh Matlab. Két qud té hep PD-DP-DD hogc PD-DP-DD-WS 14 tot
nhat. Cac dwong mau trang thé hién vi tri cia ranh gidi HI va H2 va hai doi twong dia

phuong Ol va O2.
4. Két luan

Két qua tir mé hinh ly thuyét cho thay giai nguoc t6 hop sé liéu cua cac hé dién cuc cho
md hinh tét hon so v6i md hinh cua ting hé dién cuc riéng 1é. St dung t6 hop s liéu
cac hé dién cuc doi hoi chi phi thuc dia va tinh toan cao hon. Tuy nhién day khéng thuc
su 1a van dé 1on nho sy phat trién cua cong nghé do dac va sic manh cia cac may tinh
hién nay. Két qua nay chi ra rang t6 hop giita hé dién cuc: cuc — ludng cuc (PD), ludng
cuc — cuc (DP) va ludng cuc — ludng cuc (DD) véi md hinh dang nay cho két qua tbt
nhat. Trong nghién ciru nay ching t6i mai tién hanh thir nghiém trén tai liu ly thuyét,

du cho di duoc md phong rat gan vai didu kién thuc té. Trong cac nghién ciu tiép theo



chdng t6i s& thir nghiém trén tai liéu do thuc té dé danh gia chinh xac hon kha ning ap
dung vao thuc té san xuat ciia phuong phap nay.

Lol cam on

Bai b4o nay hoan thanh la két qua cua dé& tai cip co s¢ Trudong Pai hoc M6 - Dia chit,
ma s6 T18-36. Ban quyén phan mém Matlab duoc tai tro boi cong ty RogSense. Ching
t6i chan thanh cam on Akca tac gia cua bai bao “ELRIS2D: A MATLAB Package for
the 2D Inversion of DC Resistivity/IP Data” da cung cap ma ngudn cho chuong trinh
giai nguoc tai liéu dién tro hai chiéu. Chang tdi tran trong cam on tién sy Loke, nguoi
da phat trién cac phan mém Res2dmod va Res2dinv va cung cap cac ban ding mién phi

véi muc dich nghién curu.
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Abstract

Inversion of multiple data sets acquired by different array configuration of geoelectrical

resistivity method

The geoelectrical resistivity method is one of the most commonly used geophysical
methods. This method uses different electrodes configuration, electrode array,
depending on the purpose and conditions of the field, each type of array has its
advantages and disadvantages. Due to the development of data acquisition technology,
it is common for geoelectrical instruments enable to record data arising from different
electrode arrays with negligible real-time construction. However, current software’s

only allows to process for each individual electrode array. Inverted models of different
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electrode array can be integrated to build a common earth model. However, due to the
nature of the geophysical inversion is non-unique solutions, it means that there will be
an infinite of models that can be suitable for a measurement in a certain noise level.
This leads to the same measurement data in an area with different electrode array may
produce different geoelectrical models making the dificulty for integration process. To
solve this problem, we utilise the simultaneous joint inversion algorithm of data sets
arising from multiple electrode arrays. The test results on synthetic data show that this
combination is better than the solution of each individual electrode array. The best result
IS a combination of pole - dipole (PD), dipole - pole (DP) and dipole - dipole (DD).



