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Tom tat

RO ri qua dap va hd chira c6 thé gdy ra mit 6n dinh ciu triic dap va din dén pha huy
déap. Viéc khao sat sy 10 ri ciia nude hd qua dap khong chi goi gon vao xac dinh cac thong
s6 dic trung cho luu lugng thim ma con phai xac dinh duoc vi tri dong o, tir d6 giup co
quan quan Iy khic phuc su cb mét an toan dap kip thoi. Bio cdo nay gidi thiéu md hinh
toan ECF (Electric Current Flow) x4c dinh vi tri dong din wu tién dya trén sb liéu tur
truong cam tng. MO hinh toan duoc viét lai dudi dang phan mém tinh MDA va tng dung
thir nghiém trén s6 liéu mo phong trén phan mém Maxwell 3D. Két qua tinh do sai léch
trung binh gitra cac toa do duong khop vai dong r6 mo hinh 6x =+ 2,3% va 6z =+ 6,0% la
tuong d6i nho. Ngoai ra, md hinh nguogc sau d6 dugc xay dung dua trén vi tri dong din
vira x4c dinh dé so sanh tir trudng tao ra gitta moé hinh gia dinh va mé hinh nguoc. Két qua
sai s6 cin quan phuong chuin héa (Normalized root-mean-square deviation — NRMSD)
giita tir trudng caa hai md hinh bang 0,2 1a chap nhan duoc. Tir d6, bao cio cho thiy kha
nang xac dinh vi tri dong dan wu tién bang mo hinh toan ECF 1a kha kha quan.

Cac nghién ctru tiép theo, Nhom nghién ctru s€ dugc tiép tuc dé hoan thién mo hinh
toan ECF, xay dung hoan chinh phan mém xtr 1y s6 liéu tir truong MDA, nham trién khai
ung dung cho $6 liéu thuc dia, phuc vu nhu cau khao sat dong ro, gop phén tich cuc vao
cong tac xtr ly, dam bao an toan dap.

Tw khoa: Tu truwong, ECF, Ddp, dong tham, MDA

1. MO PAU

Trong thuc té, viéc khao sat sy 10 ri cua nudc hé qua dap bang phuong phap danh dau chu yéu
chi xac dinh dugc cac thong s6 dic trung cho luu luong tham nhu van toc trung binh, sb kénh
tham,... ma khong cho cac thong tin vé vi tri dong ro ri ngam trong than dap ciing nhu trong nén
dap. Viéc xtr Iy khic phuc ro i vi thé van gip nhiéu kho khian va thiéu hiéu qua do khong xac dinh
duogc vi tri dong ro.

Ung dung tir trudng cam tmg trong khao sat dong tham qua déap 1a mot phuong phap méi, tiét
kiém thoi gian va chi phi duoc nhom nghién ctru ciia Willowstick (Hoa ky) phat trién [1, 2, 3].
Phuong phap dua trén nguyén tac: nudc thim qua dap tu hd chira s& 1am tang do dan dién cua vat
ligu dap. Khi mdt dong di€n xoay chiéu duoc dat vao hai bén dap, dong dién s€ di qua cac vung
thAm trong than dap, béng cach do cac thanh phén cua tur truong dugc tao ra boi dong dién, vi tri
cua dong ro s€ dugc xac dinh.

Bao cdo nay gioi thiéu mo hinh toan ECF (Electric Current Flow) xay dung vi tri dong dan uu
tién dua trén s6 lidu tir truong cam ung. M6 hinh toan dugce V1et lai du6i dang phan mém tinh MDA
va ung dung thir nghiém trén s6 liéu mo phong trén phan mém Ansys Maxwell 3D. Mirc d6 tuong
quan gitra vi tri caa dong ro trong mé hinh mé phong va dong ro duoc xay dung bang phin mém
MDA s€ dugc danh gia béng muc d6 sai 1éch toa d6 trung binh + dx va + 8z gitra toa d6 khong gian
ctia hai dong rd.Ngoai ra, Nhom nghién ctru di xay dung mé hinh nguoc bang phan mém mé
phong Maxwell 3D, dua trén vi tri dong dén vira xac dinh bang phén mém MDA. Muc dich cta viéc
xay dung mé hinh nguoc 1a dé so sanh ‘tuong quan gitra hai bg so liéu tir truong, dugc tao ra boi mo
hinh ban diu va mé hinh ngugc. Sai s cin quan phuong chuan hoa (Normalized root-mean-square
deviation — NRMSD) duoc str dung dé danh gia do twong quan giira hai bo s liéu tir trudng, tir d6
danh gia duoc mirc d6 phu hop cua dong rd duge xay dung bang phan mém MDA so véi dong 1o
mo hinh gia dinh ban déau.
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Hinh 1. Minh hoa phuong phép tir trudng cam g xac dinh dong 1o ri dap

I1.COSO LY THUYET

Co so ly thuyét 7 N
Theo dinh ludt Ampere, d6 16n vector cam tng tur tai diém cach day dan mot khoang R (m)
duogc tao ra bdi day dan thang, dai vo han :

_ bl
B= —— 1
2n.R @

Véi B la do 16n vector cam tng tir (T)
lo 12 hing s6 tir méi (p, = 41107 (T.m/A)
[1a cudng d6 dong dién (A)

Khi mét hiéu dién thé xoay chiéu duoc dit vao hai bén dap, dong dién s€ di qua cac vung
thim trong than dap theo con dudng ng véi trd khang nho nhat. Dong dién c6 tan sb bién thién s&
tao ra tir trudng cam mg theo dinh luat Faraday. Tir phan bd cudng do tir truong cam tng trén mit
dap, bang cach minh giai sb liéu thich hop sé& thiét 1ap duoc ban d6 biéu dién vi tri dong 1o & dang
hinh anh 2D.

M©6 hinh toan ECF

Pé xac dinh dugc vi tri dong 1o theo d sdu can xay dung md hinh toan phu hop, trong béo
cdo nay su dung mo hinh todn ECF.

Theo dinh luat Biot-Sarvat, vector tir truong dB tao ra bdi phén tir dong dién Ids tai diém P
cach d6 mdt khoang r:

4B = ledsTr
ATt r )

Véi T 1a vector don vi khoang cach tir phan tir dong dién dén diém P
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Hinh 2. Tt truong ngang B,y cuc dai gdy
ra bdi cac phan tr mang dién

Phan bd cuong do tir truong ngang, doc
theo duong khao sat vudng goc véi mat phang
chtra dong dién (xp thay doi) phu thudc vao vi
tri dong dién xo (dinh phan bd) va khoang cach
tir duong khao sat dén mit phang chira dong
dién zo. M&éi lién h¢ gitta cac gid tri Xo, Zo, Byy
thé hién boi cong thire (3).

B — MOI Z0 (3)
Xy " 2
2m (xo—xp) +2,

Hinh 3. Hinh anh tir trudng ngang Byy cuc dai
tai moi lat cat doc than dap

Trong cac thudt toan hoi quy khong tuyén tinh, béo céo sir dung thuét todn Levenberg—
Marquardt (LM) vi tinh 6n dinh cling nhu toi wu khi tinh toan [4], v&i ham khép 1a ham phan bo tir
trurong ngang - doc Byy

Phin mém MDA

Phan mém MDA duoc xay dung dua trén thuat toan LM, véi nguyén 1y lam khdp sb lidu tir
truong Byy cua két qua mo phong hodc thuc nghiém véi nghiém giai tich ctia mo hinh toan ECF. Két
qua nhan duogc tu phﬁn mém MDA s& 1a céac gia tri toa do khong gian cta vi tri dong ro, tir do, xay
dung hinh anh 3D cho vi tri dong 1o, nhu Hinh 4.
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Hinh 4. Giao dién phan mém xur 1y s6 liéu tir trudong MDA



111. MO PHONG

Maxwell 3D 13 mot géi phan mém cia ANSYS Maxwell, st dung phuong phap phan tir hitu
han (Finite Element Analysis - FEA) dé giai quyét cac vn dé vé dién-tir trudng, dong dién X0dy..
bang cach giai cic phuong trinh cia Maxwell trong mot ving khong gian hiru han véi cac diéu klcn
bién, diéu kién ban dau do ngudi dung chi dinh[5].

Trong bao céo ndy, Nhom nghién ctru da sir dung phan mém Maxwell 3D mé phong tir trudng
cam Ung gay ra boi dong dién chay qua dong ro trong mé hinh dép 3D gia dinh. M9 hinh dép gia
dinh dugc thiét 1ap voi cac thong sé co ban nhu Bang 1. Tt truong dugc tao ra boi dong dién cua
dong ro s& dugc do va ghi nhan trén cac duong thing doc than dap cach bé mat dap 1,0 m.

Bang 1. Thong sb mo hinh dép

Thong ) Gia tri Pon vi
Chiéu dai than dap khao sat 50 m
Bé day day dap tir thuong luu dén ha luu 40 m
Duong kinh dong ro 0.4 m
Cuong d6 day dan (dong dién AC) 0.1 A
Tan s6 dong dién (f) 380 Hz
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Hinh 5. M@ hinh dép ba chiéu trén phan mém Maxwell 3D

IV. KET QUA VA THAO LUAN

[meter]

Céac thanh phan tir truong doc va
ngang Byy duoc tao ra boi dong dién trong
dong ro s€ dugc ghi nhan trén cac duong
théng doc than dap cach mat dap 1,0 m.

B [Tesle] Thong qua minh giai sé liéu moé phong

o bang phan mém Suffer 15, mot ban dd co
s& biéu dién vi tri dong ro va sy phan bb tir
truong Byy dugc biéu thi tai Hinh 6.

Hinh 6. Contour By, trong mit phang 2D
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Hinh 7. Phan bd tir trudng By, trong mé hinh
dap 3D

Sy phan bé tir truong khong gian Byyz
trong khong gian dap va nudc hd duogc
hién thi trén phdn mém Maxwell 3D nhu
Hinh 7.

Puong khdp dong rd dugc xiy dung bang phan mém MDA cho két qua dinh tinh vé vi tri
dong ro 1a twong d6i chinh xac thé hién & Hinh 8, Hinh 10. Cac toa d6 ciia dudng khdp ¢ gid tri x
sai 1éch nhat dinh, nguyén nhan cé thé do hién tuong c6 chung mot gia tri tir trudng Byy cuc dai do
hai hodc nhiéu phﬁn tor mang dién gdy nén, dugc minh hoa & Hinh 9.

C
o 30 60 (meter)

Hinh 8. Hinh chiéu bang cua duong khop biéu
dién trén mé hinh dap

o 20 40 (meter)

Hinh 10. Hinh chiéu dimg cua duong khép
biéu dién trén mé hinh dap

Hinh 9. Minh hoa truong hop mot gia tri
truong Byy cuc dai do hai phan tir mang
dién gay ra

Trong hinh 10, vi tri diém dau vao
cua duong khdp co su sai 1éch 16n so voi
dong ro md hinh, nguyén nhén la do
phuong phap ECF ap dung cho dong dién
c6 tinh tap trung, trong khi do, hanh vi cua
dong dién trong ving nude hd rong 16n lai
¢6 sy phan bd phtc tap hon.

Do sai 1éch trung binh giira vi tri ciia dong ro tinh toan va vi tri dong ro mé hinh 1a twong ddi
nho, lan lugt theo phuong x, phuong z la x = + 2,3% va 6z = + 6,0%. 6,0 K&t qua tinh d6 sai 1éch
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clia cac vi tri duong khép véi dong rd mé hinh thé hién trén Bang 2.

Bang 2. Két qua tinh do 1éch cua cac toa do duong khdp voi dong ro mo hinh

X y z X' y' z' + 06X, % +06Z, %
24.00 -10.00 7.68 25.29 -10.00 9.23 +5.4% +20.2%
24.30 -9.00 8.08 25.59 -9.00 9.04 +5.3% +11.9%
25.90 -8.00 8.26 25.89 -8.00 8.85 +0.0% +7.1%
24.90 -7.00 8.58 26.20 -7.00 8.66 +5.2% +0.9%
25.50 -6.00 8.72 26.50 -6.00 8.46 +3.9% +2.9%
25.90 -5.00 8.74 26.80 -5.00 8.27 +3.5% +5.4%
26.50 -4.00 8.62 27.10 -4.00 8.08 +2.3% +6.3%
27.20 -3.00 8.48 27.40 -3.00 7.89 +0.7% +7.0%
26.80 -2.00 8.28 27.70 -2.00 7.69 +3.4% +7.1%
26.70 -1.00 8.08 28.00 -1.00 7.50 +4.9% +7.2%
26.50 0.00 7.92 28.21 0.00 7.61 +6.5% +4.0%
28.50 1.00 7.66 27.79 1.00 7.39 +2.5% +3.5%
26.60 2.00 7.58 27.36 2.00 7.18 +2.8% +5.3%
27.70 3.00 7.44 26.93 3.00 6.97 +2.8% +6.3%
26.40 4.00 7.14 26.50 4.00 6.76 +0.4% +5.4%
25.90 5.00 6.92 26.07 5.00 6.54 +0.6% +5.4%
26.60 6.00 6.38 25.64 6.00 6.33 + 3.6% +0.8%
25.80 7.00 6.08 25.21 7.00 6.12 +2.3% +0.6%
25.60 8.00 5.76 25.12 8.00 5.77 +1.9% +0.1%
25.30 9.00 5.36 25.36 9.00 5.29 +0.3% +1.4%
26.00 10.00 5.18 25.60 10.00 4.81 +1.5% +7.2%
26.00 11.00 4.62 25.84 11.00 4.33 +0.6% +6.4%
26.50 12.00 4.24 26.08 12.00 3.85 +1.6% +9.3%
26.20 13.00 3.66 26.32 13.00 3.36 +0.5% +8.1%
25.90 14.00 3.16 26.56 14.00 2.88 +2.6% +8.7%
25.80 15.00 2.72 26.80 15.00 2.40 +3.9% +11.6%
27.20 16.00 2.02 27.04 16.00 1.92 +0.6% +4.8%
26.50 17.00 1.58 27.28 17.00 1.44 +2.9% +8.7%
27.50 18.00 0.94 27.52 18.00 0.96 +0.1% +2.3%
27.60 19.00 0.62 27.76 19.00 0.58 +0.6% +5.9%
27.90 20.00 0.28 28.00 20.00 0.26 +0.4% +7.9%
27.80 21.00 0.12 28.00 21.00 0.12 +0.7% +3.4%

Nhom nghién ctru tiép tuc xay dung mé hinh ngugc tir céc gia tri toa d6 dong ro lam khép,
nham mo phong tir trudng cam ng gdy nén bai dong dién chay qua dong ro lam khép. Sai sé cin
quéan phuong chuan héa NRMSD la chi s6 danh gia muc do tuong quan giira hai bo s liéu tir
truong gay ra boi dong rd lam khép va dong ro mé hinh ban dau. NRMSD sé& dugc tinh toan theo
cong thire(4).

Z?:l (Bxyz - B;(yz)z
n

NRMSD = % \/ (4)
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Hinh 10. M6 hinh nguoc xay dung trén Maxwell 3D

Két qua tinh sai sb can quén phuong chuan hoa NRMSD giira hai bd s6 liéu tir trudng cua hai
mo hinh theo cong thire (3) bang 0,2 la két qua chap nhan duoc.

. KET LUAN

Vi tri dong ro trong mat phéng 2D ¢6 thé danh gia mot cach dinh tinh la kha ro nét, dugce thé
hién trén hinh anh contour Byy hién thi bang phan mém Suffer 15 va hinh anh tir trudng khong gian
Byyz hién thi bang phan mém Maxwell 3D.

Pé danh gia do chuan xéac vi tri duong khdp dong ro theo d6 sau can tinh toan cac sai sé nhu
dod sai 1éch trung binh gitra cac toa do duong khdp voi dong ro mo hinh 6x = + 2,3% va dz= £ 6,0%
1a twong d6i nho, sai sé can quan phuong chuan hoa NRMSD giita hai bo s6 liéu tir truong ctia mo
hinh ban dau va mé hinh ngugc bang 0,2 1a két qua chap nhan dugc. Két qua nghién ciru trén da
chirng minh dwoc tinh kha thi cia mé hinh toan ECF khi irng dung vao viéc xac dinh vi tri dong ro
qua dap trong khong gian.

Cac nghién ctru tiép theo s& duoc tiép tuc dé hoan thién mé hinh toan ECF dé khic phuc cac
nguyén nhén gay sai léch theo CaC phuong Ox, Oz nhu Hinh 8, Hinh 10. Nhom nghién ciru s& tiép tuc
hoan thién va phat trién phan mém xur 1y s6 lidu tir truong MDA, nham trién khai ung dung xir 1y s6
liéu thuc dia, phuc vu nhu cau khao sat dong ro, gop phan tich cuc vao cong tac xir Iy, dam bao an
toan dap.
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SOME RESULTS OF APPLICATION OF MATHEMATICAL MODEL OF
INTERPRETATION OF INDUCED MAGNETIC FIELD DATA TO LOCATE
LEAKAGE THROUGH EARTH DAM
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Abstract
Leaks through dams and reservoirs can cause instability of the dam structure and lead to dam
damage. The investigation of leakage not only includes in defining parameters for flow path but
also must determine the location of leakage, which helps the agency to manage the unsafe
incidents of a dam in time.
This report introduces the ECF (Electric Current Flow) mathematical model to build the position
of leakage based on induced magnetic field data. The mathematical model was rewritten as MDA
software and tested on hypothetical simulation data on Maxwell 3D software. The result of
calculating the average deviation between the coordinates of the line matching and the model
leakage current dx = + 2.3% and 6z = + 7.4% which are relatively small. In addition, the reverse
model is then built based on the defined leakage position to compare the magnetic field created
between the hypothetical model and the reverse model. The result shows that Normalized Root-
Mean-Square Deviation (NRMSD) between the magnetic fields of the two models is equal to 0.2 is
acceptable. Therefore, the report shows the ability to locate the leakage by ECF mathematical
model is quite satisfactory.
The further studies will be continued to complete the ECF mathematical model and complete the
data processing software, to deploy applications for field data, to serve the needs of leakage current
survey, contributing positively to the treatment, ensuring dam safety.
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Figure 1. The simulation model hypothetical and reverse model is built based on ECF model
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Figure 2. Interface of the MDA magnetic data processing software
Keywords: Magnetic field, ECF, Dam, seepage flow, MDA



