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Tém tit: Bai bao trinh bay mot sb két qua tinh todn md hinh 1y thuyét va thuc té ddi voi ving
thdm trong thin dé dap khi 4p dung céc kién thic Toan hoc, Vat 1y va phin mém EarthImage 2D
(d6i v6i phuong phdp dién da cuc), phin mém Reflex (d6i voi phuong phép Ra da dét). Bdng thoi
cling trinh bay céc két qua nghién ctru lya chon hé cuc do tbi wu tir cdc loai hé cuc do khéac nhau
ciia phuong phép dién da cuc déi v6i mé hinh 1y thuyét va thyc té. Tir d6 it ra cdc két ludn Vé
hiéu qud dp dung cua phuong phdp Ra da dat va phuong phdp dién da cuc cdi tlen voi hé cuc i
wu d6i vai vide tim kiém, xdc dinh vung thdm; dong thoi tim ra phuong phap tién hanh cong tic
ngoai thyc dia sao cho phii hop. Céc két qua nay da dwgc 4p dung thir nghiém trén ving thim
thugc Ke My Trung doan tir KO+00 <+ K2+400 thudc dé ngoai hiru song Dao, huyén Vu Ban, tinh

Nam Dinh.

1. Pit van dé

Tir truéc dén nay hau nhu chi phat hién cac
viing thim trong than dé déap théng qua cac biéu
hién thdm ra bén ngoai, khi d6 ving thim da
gdy anh huéng khong nho dén sy an toan ciia
dé dap. Mat khéc, nhitng biéu hién bén ngoai ay
khong thé gitp ta chi 13 vi trf ciia ving thim dé
xtr Iy nén khi xir 1y phai khoan tham do rit tén
kém. Vi vay, viéc xac dinh duoc vi tri va qui
md cic ving tham trong than dé dap 1a rat quan
trong, gitp chung ta lya chon duoc giai phap xtr
1y hitu hiéu nhing viing thim nay.
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Chiing t6i da tién hanh nghién ctru nham sir
dung t6 hop phuong phap dién da cuc cai tién
[1] va Ra da dét [2,3] dé phat hién ving thdm
trong than dé dap thong qua viéc lya chon,
nghién ctru, tinh todn mo hinh 1y thuyét va thuc
té d6i v6i ving thim trong than dé dap; nghién
ctru thtr nghiém tinh todn lya chon hé cuc do tdi
uu tr cac loai hé cuc do khac nhau cua phuong
phdp dién da cuc [3-5] d6i véi md hinh 1y
thuyét va thuc té. T d6, tim ra phuong phép
tién hanh cong tic ngodi thuc dia sao cho phi
hop. Céc két qua nay da duoc dp dung thir
nghiém trén thuc té.
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2. Qua trinh nghién ciru md hinh Iy thuyét va
ket qua

2.1. Lva chon mé hinh ly thuyét ving tham

Két qua nghién ctru, khao st dia chét trong
viing ddng bang song Hong cho thdy, déat dép
dé chu yéu 1a dit bdi ling c6 dién tro suét tir
14-40Qm. Vung thim trong than dé va dap
trong thuc té thuong cé chiéu rong vai mét dén
vai chuc mét, c¢6 chiu sau vai mét dén chuc
mét so voi mat dé, dap. Cho dén nay khong c6
mot mé hinh thyc té cy thé ndo cia ving thim
cu thé vi khi phat hién duoc thi xur ly khoan
phut ngay.

Tir thyc té d6 chiing t6i chon md hinh viing
thdm, 10 ri c6 dang 16p kéo dai, can dbi. Lop
thim c6 chiéu day (d) 1a 0,5m, dai (D) 1a 20m
va ndm sau (h) 2m so v6i mit dat. Viung thim 13
dat 4m c6 dién tro 1a 10Qm, nim trong moi
truong dat dap dé c6 dién tro 12 20Qm (hinh 1)
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Hinh 1. M5 hinh ly thuyét viing thdm.

2.2. Tinh todn lua chon hé cu'c,to”i wu trong
phuwong phdp dién da cuc cai tien doi véi mo
hinh Iy thuyet ving tham

2.2.1. H¢ dién cuec dipole - dipole

Trén tuyén tinh 1y thuyét déi véi mo hinh Iy
thuyét viing thim, chiing t6i tién hanh tinh cho hé
dién cuc dipole - dipole vdi a=1, n=8 dua trén
phan mém EarthImage 2D [4].

Hinh 2 (trong do (a) la két quad tinh thudn;
(b) la két qua giai nguoc; (c) la mé hinh tinh
thudn) 1a két qua tinh 1y thuyét d6i véi mo hinh 1y
thuyét viing thAm thé hién khu vyc thdm 1 viing
di thuong dién tro thap, nhung trén két qua tinh
ngugc (b) cho thiy viing nay c6 chiéu day 16n
hon chiéu day thuc, khong pht hop v6i md hinh
da dua ra nhu mo hinh tinh thuan (c). Vi vy,
véi hé cuc nay khong xdc dinh duoc chiéu day
clia viing thim.
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Synthetic Model.

Himh 2. Két qua tinh d6i véi mo hinh 1y thuyét viing thim cho hé cyc dipole-dipole.
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2.2.2. H¢ dién cuc Wenner

Chiing t6i tién hanh tinh 1y thuyét cho hé
dién cuc Wenner dua trén phé”ln mém
EarthImage 2D d6i v6i mo hinh néu trén hinh 1.
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Hinh 3 12 mét vi du minh hoa Kkét qua tinh todn
d6i v6i md hinh 1y thuyét viing tham (trong dé
(a) la két qud tinh thudn; (b) la két qua gidi
nguoc; (c) la moé hinh tinh).
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Synthetic Model.

Hinh 3. Két qua tinh d6i v&i mo hinh 1y thuyét ving thim cho hé cuc Wenner.

Két qua tinh 1y thuyét véi hé cuc Wenner
cho thay voi hé cuc nay bé mat trén C}ia mo
hinh tinh todn ding véi md hinh ly thuyét. Tuy
nhién, chiéu day cua vung tham l6n hon nhiéu
so v&i mo hinh.

2.2.3. H¢ dién cuc Wenner - Schlumberger

Chiing t6i tién hanh tinh 1y thuyét cho hé

dién cuc Wenner - Schlumberger cé a=1, n=8
dua trén phé”m mém EarthImage 2D d6i véi mod
hinh néu trén hinh 1. Hinh 4 1a mot vi du minh
hoa két qua tinh todn d6i véi mé hinh ving
thim ( trong do hinh (a) la két qud tinh thudn;
hinh (b) la két qua gidai nguwoc, hinh (c) la mo
hinh tinh).
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Synthetic Model.

Hinh 4. Két qué tinh d6i v6i md hinh 1y thuyét viing thim cho hé cuc Wenner- Schlumberger.
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Cic két qua tinh todn bai todn thuédn cho h¢
cuc Wenner - Schlumberger trén mo hinh thdm
thé hién trong mat cét dién tré nhu sau: Dj
thuong dién tré' thap c6 dang via ngang. Chiéu
sau dén dinh phit hop véi md hinh. Nhung
chiéu day cta di thuong 16n hon so véi mo
hinh.

2.2.4. Nhan xét chung

Dbi voi nhimg ddi twong 12 ving thim hay
via ngang c6 thé sir dung cac h¢ cuc Wenner va
hé dién cuc Wenner-Schlumberger dé tim kiém,
tuy nhién di thuong thé hién rd hon khi do bing
hé cuc Wenner

2.3. Tinh tocjn cho h_é, cuc Wenner dsi véi mo
hinh Iy thuyét viing tham thay doi

Chiing t61 tién hanh tinh todn cho hé cuc
Wenner véi mo hinh thim la via ngang ¢ cic do
sau thay dbi. Lop thim c6 chiéu day (d) Ia
0,5m, dai (D) 1a 20m va ndm siu (h) duoc tang

dan tir 2m so v6i mat dat dén khi ndo khong con
di thuong. Ving thdm la dit 4m c6 dién tro 1a
10Qm, nam trong moi trudng dit dip d& c6
dién tré 12 20Qm. Sai sb ky thuat dugc tinh la
3%.

Tinh todn 1y thuyét mo hinh viing tham (via
nim ngang) véi cac chidu sau khéc nhau (hinh
5 dén hinh 7) cho thy: Viing thdm c6 chiéu day
0,5m, chiéu dai 20m ndm & d¢ sau <3,2m thi c6
thé xéc dinh duoc chiéu sau cling nhu vi tri cua
ving thdm. Tiép tyc ting chiéu sau dén 3,6m
(hinh 6) thi Két qua tinh todn khong chi ra dugc
di thudng ciia viing tham.

Tir két qua thir nghiém ving thdm la via
ngang trén md hinh 1y thuyét véi cac hé cuc va
chiéu sau khic nhau. Ching t6i thdy rang dé
khao sit ving thdm trén than dé dap nén s
dung hé cuc Wenner vi cé thé xdc dinh dwoc vi
tri va chiéu sau viing thim khi chiéu sau viing
thdm <= 6 1an chiéu day viing tham.
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Synthetic Model.

Background Resistivity = 20 Ohm-m

Hinh 5. Két qué tinh di v6i mo hinh ly thuyét viing thim véi h = 2m.

2.4. Thir nghi¢m mo hinh 1y thuyét ving thim
voi phuwong phdp Ra da dat

St dung phan mém Reflex thir nghiém kha
nang xac dinh mo hinh 1y thuyét 1a 1 via ngang

(hinh 8) véi hing sb dién mdi ciia moi trudng 12
20 va ving tham 12 viing ngdm no nudc nén
chiing t6i tam tinh hing s6 dién moi 1a 40.
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Hinh 8. Két qua tinh d6i v6i md hinh 1y thuyét viing thAm c6 chidu sau 2m véi phuong phép Ra da dat.
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Hinh 6. Két qua tinh d6i v&i mo hinh 1y thuyét ving thim véi h = 3,2m.
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Hinh 7. Két qua tinh d6i v6i mo hinh 1y thuyét ving thdm véi h = 3,6m.
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Két qua thir nghiém v6i phuong phép Ra da
dét dé xdc dinh via ngang cho thiy voi phuong
phdp Ra da dét cho chiing ta di thudng véi chidu
sau va chiéu day cia via ngang twong d6i chinh
xdc. Tai dau ciia d6i tugng c6 1 di thuong 1a ¥
parabol gidng nhur di thuong ciia dbi tuong diém.

Khi ting chiéu siu ddi twong 1én 3m (hinh
9) thi thiy rang d6 16n bién do cia séng phan

2 DAREFLEXWNASCINTHAMZEV2.DZT: LINESCAN

xa trén mat ranh gidi va séng phan xa nhiéu 1in
déu nho hon rit nhidu so véi khi dbi tuong &
chidu sdu 2m. Vi vay khi déi twong & sdu va
mbi truong c6 dién tro suét thap rat khé cé thé
danh gid trén mo hinh 1y thuyét can phai thu
nghiém trén mo hinh thyc té méi c6 thé dnh
gid chinh xdc kha nang khao sat cua Ra da.
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Hinh 9. Két qua tinh d6i v&i mo hinh 1y thuyét viing thim c6 chiéu siu 3m véi phuwong phap Ra da dat.

3. Qua trinh thir nghiém thue té va két qua

3.1. Phuong phdp dién da cuc cdi tién

3.1.1. Pia diém va phirong phdp tién hanh

- Pia diém dp dung thtr nghiém dugc tién
hanh tai K& My Trung doan tu KO+00 +
K2+400 thudc dé ngoai hiru séng Pao, huyén
Vu Ban, tinh Nam Dinh (hinh 10). Qua diéu tra
khao sit tai khu vuc nay bi thAm doan tir
K2+200 dén K2+300 dai khoang 100m. Tai day
ching toi bd tri 6 tuyén do doc dé bao gbm 3

mit cit tai ria mat dé phia séng va ria mat dé
phia dong.

- Thiét bi dugc dung 1a hé thiét bi dién da
cuc Super Sting R1 [5] v&i hé cuc Wenner, kich
thudc hé cuc 2m.

- Hé théng tuyén do dugc bd tri nhu sau:
B tri cdc tuyén ngang qua khu vuc cé thim
(doc theo dé) dé xdc dinh chiéu dai, chiéu sau
clia viing thim.

Hinh 10. Hinh anh khéo st thim tai k& M§ Trung.
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3.1.2. Két qua

Két qua trén 2 tuyén do T1 va T2 trén mit
dé (hinh 11 va hinh 12) thé hién & chiéu sau 2m
tr mét tha 12 dén cudi tuyén do (K2+212 —
K2+254) 1a viing ¢6 dién tro suat thip tir 4-10
Qm thé hién day 12 ving thim manh.

Két qua trén doan K2+248-K2+302 thé hién
& tuyén T3 va T4 chi 1o viing thim tir ddu tuyén
dén mét the 30 cua tuyén do (tir K2+248-
K2+278), ving thdm nay c6 chiéu siu 2m so
v6i mat dé. Ngodi ra trén 2 tuyén nay ciing thiy

2410 ¥4l s hising

K2v240- K230 g mapia s

di thuong dién tré thip thé hién 1 ving thim &
mét thur 44 va sau 2m.

Trén 2 tuyén T5 va T6 chi thiy xuét hién di
thuong dién tré thap tai tuyén T6 1a tuyén trén
mit ria dé phia song thé hién day khong phai la
di thuong cua ving thim vi né khong kéo tir
phia séng sang phia dong.

Qua két qua khao sit 4n hoa trén k& My
Trung cho théy tai day c6 vung thim manh tir
K2+212 — K2+278, chiéu sdu 2m so véi mat dé
(xem hinh 13).
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Hinh 11. Két qua khao sét tai tuyén dé phia song.
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Hinh 12. Két qua khéo sét tai tuyén dé phia dong.
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Hinh 13. Binh db vi trf tuyén do va khu vyc thdm.



V.D. Minh, D.A. Chung /Tap chi Khoa hoc PHQGHN, Khoa hoc Tw nhién va Cong nghé, Tdp 29, S6'3 (2013) 30-39 37

3.2. Phuong phdp Ra da dit

Danh gid khd nang khdo sit cua phuong
phap Ra da dét ching t6i tién hanh xdy dung
mod hinh thyc t& v6i 3 loai vat liéu khdc nhau

bao gdm c6 1 khdi dét sét véi dién tro suét
10Qm, mot khéi dat doi c6 dién tro suat
100Qm va 1 khdi cat pha c¢6 dién tré suét
500Qm (hinh 14).
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Hinh 14. M6 hinh thtr nghiém chiéu sau hitu dung ciia phwong phap Ra da véi céc khéi dét khdc nhau.

Két qua thir nghiém bang ang ten 200 Mhz
qua khéi sét ¢6 dién tré sudt nho 10Qm cho
théy kha nang khao sét ciia phuong phéap Ra da
d4t chi dén duoc chidu sau 1m (hinh 15).

Két qua thir nghiém bang ang ten 200 Mhz
qua khéi dét doi cho thiy c6 thé khao sét duoc
céc dbi twong nadm & chiéu sau 16n hon 3m &

(2 INSET1.DZT: WIGGLE

IIJ‘ ) 2.50‘ 5.[I[I|

diéu kién dat dé c6 dién tro suat khoang 100Qm
(hinh 16).

Két qua thir nghiém qua khdi cit pha cho
thdy véi ang ten 200 Mhz van thdy c6 tin hiéu
manh cua séng Ra da ¢ d¢ sau dén 6m (hinh
17).
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Hinh 15. Két qua thir nghiém trén khi sét ang ten 200 Mhz.
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Hinh 16. Két qua thir nghiém qua khéi dat dbi bang ang ten 200 Mhz.
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Hinh 17. Két qua thir nghi¢m qua khdi cét pha bing ng ten 200 Mhz.

4. Két luan

1. Béi véi hé cuc Wenner

- C6 thé x4c dinh dwoc chinh xdc vi tri cling
nhu chiéu siu cia vung tham.

- Str dung hé cuc nay c6 thé xdc dinh dugc
vung thdm sau hon 6 lan so véi chi€u day vung
tham.

- H¢ cuc Wenner la hé cuc phu hop nhét dé
khdo sat ving tham va via ngang trong than de,
dap.

2. Bbi v6i hé cuc Wenner - Schlumberger

C6 thé xdc dinh duge chinh xdc vi tri cling
nhu chi€u sau cia ving tham la via ngang.

3. Déi voi hé cyc Dipole — Dipole

Str dung hé cuc nay khi khao sat viing tham
thi di thuong vung tham bi bi€n dang so v6i md
hinh nén rat khé c6 thé xac dinh dugc vung tham.

4. Phuong phap Ra da dit c6 thé xac dinh
dugc chiéu sau va chi€u day cua cdc via ngang.
Véi phuong phap Ra da dat rat khé dp dung
dugc cho moi truong cé dién trd suat thap dudi
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10Qm, nhung c6 thé dp dung t6t ddi véi moi Tai li¢u tham khio
treong cé dién trg suat cao 16n hon 100Qm.
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Study of Seepage area Models in Dams and Dikes by the
Improved Multi-Electrode Resistivity Imaging and Ground
Penetrating Radar

Vi Bic Minh', 5 Anh Chung®
'Yywu University of Science, 334 Nguye:n Trai, Thanh Xudn, Hanoi, Vietnam
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Abstract: This paper presents some main results of the theoritical and physical models for
seepage area in dams and dikes in conjunction with application of Mathematics, Physics and
EarthImage 2D software (for the Multi-electrode Resistivity Imaging method), Reflex software (for
the Ground Penetrating Radar method). Also, it shows results study of selecting the optimal measuring
array from different measuring arrays of the Multi-electrode Resistivity Imaging method for the
theoritical and physical model. From those experimetnts, we conclude about effectiveness of applying
the Ground Penetrating Radar and Improved Multi-electrode Resistivity Imaging methods with the
optimal measuring array to locate and identify the permeable areas, as well as the method used in field

province.
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