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STUDIES IN USING INDUCED MAGNETIC FIELD METHOD
TOLOCATE SEEPAGE FLOW PATHS IN HYDROPOWER DAM
BUI TRONG DUY, NGUYEN HUU QUANG,

DANG QUOC TRIEU, VUONG DUC PHUNG, VIRA PRONENKO
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Abstract : In fact, the survey of the leakage of lake water through the dam by the tracer method
only identifies the specific parameters for permeability flow such as average velocity, number of
permeable channels, ... without giving information about the location of leakage current in the dam
body, as well as in the dam foundation. Therefore, the handling of leakage is still difficult and
ineffective because the location of leakage current cannot be determined. From 2016 to 2018,
CANTI's researchs has achieved certain results that can be applied to determining leakage currents of
small hydroelectric dams, because the equipment can only determine location of seepage and leakage
currents at a maximum depth of 70m.

This report presents the results of the research on designing and manufacturing the sensor of
magnetic field induction and electronic circuit, to improve the sensitivity of the magnetic field
induction system, thereby, the measuring system can detect seepage currents and leakage currents
through the hydropower dam body at a maximum depth of 150m. The futher researchs will be
continued to improve the method, increase the sensitivity of the survey to a depth of more than 250m
for field deployment, to serve the needs of leakage current survey, contributing positively to the
treatment, ensuring dam safety.

Keywords: Inductive magnetic field method, location of leakage current.
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Picture 2.The composition and structure of the magnetic induction system
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S6 01-Puong PT.723, Phuong 12, Pa Lat, Lam Pong.
Email: duybt@canti.vn; office@canti.vn

Tom tat:Trong thyc té, viec khao sat su ro ri ciia nuéc hd qua dap bang phuong phap danh dau
cha yéu chi xac dinh duoc céc théng sb dic trung cho luu lwong thim nhu van téc trung binh, sé kénh
thim,... ma khong cho cac thong tin vé vi tri dong rd ri ngam trong than dap ciing nhu trong nén dap.
Viéc xtr ly khac phuc ro ri vi thé van gap nhiéu khé khan va thiéu hiéu qua do khong xac dinh dugc vi
tri dong rd. Tir nam 2016 dén nam 2018, Trung tim Ung dung k¥ thuat hat nhan trong Cong nghiép
(CANTI) da nghién ctu, tiép can phuong phap xac dinh vi tri dong tham va dong ro bang phuong
phap tir truong cam wng. Nghién ciru cia CANTI da dat duoc nhitng két qua nhét dinh c6 thé tng
dung vao viéc xac dinh dong rd dong thim cua nhitng dap thay dién nho bai hé thiét bi chi co thé xac
dinh duoc dong tham va dong rd & do sau téi da 1a 70m.

Béo cao nay trinh bay két qua nghién ciru thiét ké ché tao bo cam bién do tir tredng cam ¢ng va
mach dién tir di kém nham nang cao d6 nhay cua hé thiét bi do tir truong cam tng, qua d6 hé thiét bi
c6 thé phat hién duoc nhitng dong tham va dong ro qua than dap thiy dién ¢ do sau téi da 150m.

T khoa : Phuong phap tir treong cam tng, vi tri dong ro ri dap.

I. MO DAU

Ngay nay, an toan dap ludn la mot van dé cap thiét va dugc quan tim hang dau. Viéc
khao sat su rd ri cua nude hd qua dap khong chi goi gon vao xac dinh cac théng sé dic trung
cho Iuu luong thim ma con phai xac dinh dugc vi tri dong ro, tir do gitp co quan quan ly
khic phuc su cd mat an toan dap kip thoi.

U’ng dung tir truong cam ¢ng trong khao sat dong tham qua dap la mot phuong phép
méi, tiét kiém thoi gian va chi phi. Phuong phap dua trén nguyén tic: nudc thim qua dap tir
ho chua s& lam tang do dan dien cua vat liéu dap. Khi mot dong dién xoay chiéu dugc dit vao
hai bén dap, dong dién sé& di qua cac ving thim trong than dap, bang cach do cac thanh phan
cua trr truong dugc tao ra boi dong dién, vi tri cling nhu d6 rong cua dong ro s& dugc xac
dinh. Phuong phap nay st dung dong phat 380Hz - 433Hz nham t6i wu do nhay caa cam bién
tir va han ché nhiéu tir cac song hai cua mang di¢n dan dung. Bén canh d6, viéc dat dién cuc
sao cho hé théng (gom nguon phat, day dan va dong ro ri dap) tao thanh mot mach kin 1a mot
luu ¥ quan trong. C4c so liéu tu truong thuc nghiém ludn dugc hiéu chinh nham loai bo sy
dong gop cua day dan, dién cuc va tir truong Trai Dat, tir d6 két hop véi cac sé liéu thay dia
chat cua dap, tién hanh minh giai dé dua ra két luan chinh xéc vé vi tri dong ro ri dép.

B4o céo nay trinh bay két qua nghién ctru thiét ké ché tao bo cam bién do tir trudng cam
g va mach dién tir di kém nham nang cao d6 nhay cua hé thiét bi do tir trudng cam tng, qua
d6 hé thiét bi co thé phét hién dugc nhitng dong tham va dong rd qua than dap thay dién & 46
sau tdi da 150m. Cac nghién ciru tiép theo s& duoc tiép tuc dé hoan thién phuong phap, ting
d6 nhay khao sat dén do sau trén 250m dé trién khai trén thuc dia, phuc vu nhu cau khao sat
dong rod, gép phan tich cuc vao cong tac xur 1y, dam bao an toan dap.
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Il. NOI DUNG
I1.1. Co sé ly thuyét

Theo dinh luat Ampere, d0 Ién vector cam wng tir tai diém cach day dan mot khoang R
(m) duoc tao ra boi day dan thang, dai vo han:
_ bl 1
2n.R @
V6i B 1a do Ién vector cam éng tir (T), p, 12 hang s tr méi (p, = 41.107 (T.m/A)), |
la cuong do dong dién (A). ‘

’ Khi mét dong dién xoay chicu dugc dat vao hai bén dap, dong dién s& di qua cac vung
tham trong thén dap theo con duong ung véi tré khang nho nhat. Dong dién wu tién duoc tao
ra boi dong ro ri dap c6 the duge xem nhu mét day dan. Dong dién bien thién nay s& duoc ghi
nhan gian tiep thong qua tir truong bien thién trén mat dap boi cam bien ti. Bang cégh minh
giai so liéu cuong do tur truong doc va ngang thuc nghiém, mét ban do co s¢ biéu dien vi tri
dong ro sé dugc thiet lap.

v .7' Thanh phin ngang , Thanh phan doc
= cuc dai g cuc.hcu
Mt dat

Thanh phan doc
cuc dai

Thanh phan ngang
eap CUC tiER

Tu trudng
Hinh 2. Minh hoa tir trirong tao ra béi day ddn thang dai vo hgn (tréi) va cac thanh phan cua
ter truong (phai)

11.2.H¢ thiét bi va cam bién do tir trwdong cim vng

Hé thiét bi bao gdm 2 dién cuc bang dong c6 chiéu dai 1m duoc cim vao diém dau va
diém cudi cua ving can khao sat, dién cuc dugc ndi véi may phat xung bang day dan 16i ¢ong
c0 boc cach dién.

May phat xung c6 cong suat 2000W c6 thé diéu chinh duoc tan sé phat tir vai Hz dén
vai traim Hz va ty dong 6n dinh dong dién phat thong qua dién cuc.

Thiét bi do tir truong cam @ng c6 d6 nhay cao gdom 3 cam bién dat vudng goc theo cac
truc XYZ nham thu nhan tir truong, tin hiéu duoc khuéch dai va loc nhiéu sau d6 chuyén doi
tir tin hiéu twong tu sang tin hiéu s6. S6 liéu duoc hién thi trén man hinh LCD va luu lai trong
thé nho SD.
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Hinh 3 : Thanh phdn va cdu triic ciia hé thiét bi do tir truong cam iing

Hinh 4 : Hé thiét bi do tir truong cam irng do CANTI ché tao
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Hinh 5 : May phdt dong va dién cuc do CANTI ché tao

11.2.1. Ché tao cam bién do tir trwong cam g

B6 cam bién do tir trudng cam ang bao gom 03 cam bién duoc dit theo céc truc X,Y,Z
theo chiéu khdng gian. Cam bién st dung 16i Mumetal c¢6 do tir tham cao c6 duong kinh
4mm, chiéu dai 1a 38mm, phia bén ngoai I8i tir dugc cubn 1én 02 cudn day vat liéu dong
duong kinh 0.1mm, c6 sé vong lan luot 12 6000 va 33 vong. So d6 cua mot cudn day duogc thé
hién trong hinh 6:

| :

e sls

(B sesssaansrnasnsss

l‘l’ Hc’ p‘cc
Hinh 6: So d6 nguyén y cuén day cam bién

D¢ tham tir caa I6i cam bién duoc tinh theo cong thirc: 4 = £ (2)
- Trong do u 13 do tir thim cua I5i cam bién 1+N(u-1)

- N 12 yéu té khir tir dwoc tinh theo cong thirc: A -
N =0.974—{In(l '\/:j_l} 3)
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Hinh 6: Moi tuong quan giita L Va e
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Nhu vay, dé cam bién dat duoc do nhay cao thi do tham tir . phai cao.Tuy
nhién khi tang ty 1¢ cua chiéu dai va duong kinh dan dén ting do tir tham cua I8i p
nhung lai anh huéng dén chire ning chuyén d6i cua 16i tir.Viéc tang ty 1 cua chiéu dai
va duong kinh qua muac khién 18i tir ting nhay véi tir truong caa Trai DAt 1am nang
nén nhidu caa cam bién.

Gia tri toi da dugc chap nhan dé giir cho sy suy giam cia do nhay tuong ddi 8s
cua I8i tir trong cé&c gidi han nhat dinh.

(/uc )max = “ (4)

2
i 2B,
Trong d6: B la cam ing béo hoa cua vat liéu 16i.

M khong dong nhat doc theo 16i va gia tri cuc dai cia nd, nam ¢ trung tim, doi
véi mot thanh hinh lang tru thuong stir dung duoc dua ra bai biéu thuec:

S ©)
1+o.974|2[|n(|.\f8]—1}-(,1—1)

D6 tham tir trung binh cua 16i tai cc phan duoc tinh theo phan b cam tng tir

doc theo 16i la: |2
b = 1 -[1—0,255-[7"] ] ©)

oERRRE
L .
g T
] 1/2
- In /2 :.q—p
| N
z — N
N
0
0 0= 1
L /1

Hinh 6: Puong cong dién dp va nhiéu so voi chiéu dai twong doi

Dién 4p twong ddi thu dugc trong mot cudn day hinh try so véi vi tri cia né trén
16i (dudng cong mau xanh 14 cay), tin hiéu nhiu so vai chiéu dai twong ddi
In/1 (dudng cong mau xanh nuéc bién)
Do tu cam L cua cudn ddy co 16i phu thudc vao do tham tir cua 18i pee va dién tro
cua cudn day: L=p, Ky k. L, (7)

Trong d6 Lo l1a d0 tu cam cua cudn day khong co 161, kp la ti so gitra duong kinh
ngoai va duong kinh trong ctua cudn day, Ky, 1a hé so phu thudc vao dién tré ciia cudn day va

161 tur: I
LY 2-[0,25+0,625-|“] (8)
L=yc-|:1—0,255-(—"] ] L,

! ky + kg
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Dién trg cua cudn day cam bién dugc tinh theo cong thuc:
. m-p-nt-(k,+1)

l,- (kd + 1) (9)

Trong d6 p 1a dién tré suét cia dong, 1, 1a chiéu dai cuén day trung binh, n 13 sb
vong day.

Trong lugng cua cudn day duoc tinh theo céng thic:

z-(D*-a?)1,
4 “ (10)

Trong d6 y¢ va ycy 1a mat do cua vat li¢u 161 va cuon day

Phuong phép toi wu hoa tin hiéu dau ra ctiia cam bién: két hop téi wu cac tham sb
dau ra S cua cam bién va cac tham sd dau vao tién khuéch dai (PA) dé c6 duoc tin hiéu nhiéu
dau ra cta cam bién thap nhat c6 thé Wa. Mirc tin hiéu nhiéu t6i thiéu c6 thé (theo cong thirc
ban thuc nghiém tir Berkman-Korepanov):

WB=W0-[1+ <A2+ qBJ
FofE)

Wo~ 1028T 2/ Hz ; I- Chiéu dai cam bién; f -Tan sé tin hiéu; A~ 30 m®* Hz% B~ 10 -
4.5, 4
m° Hz".
bé dat dugc su két hop to61 uu qua do ta tinh toan dugc cac thong so can thiét cua
cam bién: n, I, M, L.

M=A-l-y_+

@ |0°

Sensor

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Hinh 7: So d6 twong dwong ciia cam bién va mach

Toéng mat do nhidu trong cac gia tri cta tir truong Wg do duogc (sir dung do nhay
cudn day G=U0/H) la:

/4 1 W,
|:W- + L + (Wlamp + WIr ). Z2:|
(12)

W = = ——
PGk 6 k}
Trong do:
W, =4kT(R+R,+R,) (13)
— ZC
¢ ZC+ZL (14)
7 — ZC'ZL
ZC"'ZL (15)
R,/ jeC

R +1/joC (16)

Z,=R+R, +R_.+ joL
L I FrtJ (17)
Pho tan s6 cua nhi€éu PA duogc dac trung boi by 8 tham s6 nhi€u mé rong: mat do

dién &p nhicu toi thieu Wu0; tan s6 goc va goc do cao ¢ tan so thap ful, au; tan so6 goc cua do
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cao bd sung & tan sd cuc thép fu2; mat do dong nhiéu tbi thiéu Wi0; tan sd goc va goc do cao

ctia nhiéu hién tai & tan so cao fil, oi; tan s6 goc o tan so thap fi2. Sau do, dién ap va mat do
nhieu hi¢n tai phu thudc vao tan so c6 thé dugc tinh bang cac phuong trinh:

S 2 N \2
T £ )™ (f) Wo=W, |1+ fi) | L
Uu — HuO 1+ (?J + ( £ } i i0 f ’ fﬁ

(18) )

]n |_“'|.|‘._I‘ '.I-"llv\' Il['l_l

[}

. N In (F/fn)
Hinh 8: So do nhieu dién dap ciia by khuech dai

Lo [wr if )/ win]

|

|

:
In {foiz o) 0 In ifffoid
Hinh 9: So d6 dong nhiéu ciia bé khuéch dai
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N
z
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Q
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[=]
Z 001
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Frequency (Hz)

Hinh 10: Tin hiéu nhiéu cia cam bién khi thay déi so vong ddy ciia cam bién
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Dua vao do6 thi Hinh 10 ta nhan thay, véi dai tan so thap dudi 50Hz thi khi s6 vong day
ctia cam bién it, tin hiéu nhiéu cang cang cao, véi tan sb cao trén S0Hz thi tin hiéu nhiéu cao &
cam bién c6 sO vong day nhiéu. Thiét bi do tir trudng cdm Gng cua dé tai ndy lam viéc tai tan

s trén dudi 400Hz nén ta chon cam bién sao cho sb vong dy phu hop va khong qué cao.

10
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Frequency (Hz)

Hinh 11: Tin hiéu nhiéu ciia cam bién khi thay doi b tién khuéch dai
Trong dd thi hinh 11, dudng cong sé 1 mau xanh thé hién tin hiéu nhiéu cta cam bién
khi cam bién duoc két ndi v6i bo tién khuéeh dai o tré khang dau vao cao ; duong cong s6 2
mau do thé hién tin hiéu nhidu ctia cam bién khi cam bién duoc két ndi v6i bo tién khuéch dai
¢6 tro khang dau vao thap. Nhu vay véi tan sd 1am viéc cua thiét bi 1a 400Hz thi st dung bd

tién khuéch dai co tré khang dau vao cao dé giam nhieu.

: X channel : PT02E12-10P
: R3 C1

—>>| Signal
OUTX+
OUTX-
OUTY+
OUTY-
ouUTZ+
ouUTZ-
GND
-V
GND
+V

BPF

TMO(O|X|T[<[>|O]|w

Y V'V N B )

<
<
< ST
‘&
<

Hinh 12: So d6 nguyén Iy ciia cam bién do tir truong cam iing
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Hinh 15: Hinh ddng bén ngodi ciia cam bién do tir triecong cdm ving
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Hinh 16: Tin hiéu thu dwoc cia cam bién theo ddi tan
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Wb, nT/sqrt(Hz)

El i 1
Hinh 17: Tin hiéu nhiéu ciia cam bién
Céc thong s6 ctia cam bién tir truong ma CANTI ché tao:

Dai tan sé day da cla tin hiéu thu dwoc & mire 3 dB 150 - 800 Hz
Hé s6 bién dbi vi sai & dau ra 40 mV/nT
Hé sé bién dbi 16i <1dB
D6 nhidu tai tan sé lam viéc 433 Hz < 0.4 pT/NHzZ
D6 dai cho phép cua cap két ndi tir sensor t&i may do <200 m
Dién ap ngudn (gi¢i han dién ap dwoc khuyén nghi) + (10...12) V
Dién 4p dau ra téi da +9V
Dong tiéu thu (danh nghia) + 21mA
Pham vi nhiét dé hoat déng 20 ...+ 50° C

, . ” .. I =148 mm
Kich thuwdc bén ngoai d =78 mm
Thiét ké Chac cAhan va’ khoéng

tham nuwéc

Trong lwvgng ~400 g

I1.3. KET QUA THU'C NGHIEM TAI HIEN TRUONG

Tién hanh thir nghiém do tim dong ro ri qua than dap tai dap phu sé 2 HO thuy dién
Ham Thuan, sau thyc nghiém nhém nghién ciru da tién hanh béo cdo véi Cong ty Co phan
Thuy dién Da Nhim - Hdm Thuan - Pa Mi.

11.3.1. Mo ta thuc nghiém tai hién truomng

Tai dap phu s6 2 Ho thuy dién Ham Thuan c6 xuat hién diém thdm ro phia ha luu véi
lru luong 13 0.21/phat, véi dién tich mit bang toan bo than dap vao khoang 5-7km? nén nhom
nghién ciru tién hanh do truéc 1 duong theo chidu doc than dap voi khoang cach 2m mot diém
do dé xé4c dinh vi tri can khao sat sau d6 tién hanh khao sat do trong ving di xac dinh.

Mot dau cua dién cuc duge dit tai hd chira phia thugng nguén va dau dién cuc con lai
dugc cdm phia ha ngudn noi chan dap, hé théng diy din dién tir dién cuc vé may phat sir
dung 1000m day dan 15i d@)ng 6 tiét dién 2,5mm duge boc cach dién chiu duoc dién ap
1000V.

May phét phat ra ngudn dién c6 tan sé phat 380Hz, dong dién phat 0.2A va hiéu dién
thé phat 1a 500V.
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Trén mat dap khu vuc can khéo sat, tién hanh chia 6 luéi theo khoang cach 2m x 2m, tai

cac diém giao la diém do.

Méy phét it tai hién truong Do tir trzong cim vng tai dép

Hinh 18: Tién hanh thi nghiém tai dap phu $6 2 hé Ham Thudn

11.3.2. Két qua thye nghiém tai hi¢n trwong va thio luin

= Generator
_ Wire1
——— Wire2
Electrode
Earthen dam
Measurement grid

Wet land

Hinh 19: Bdn do tir truong thanh phan Bx (Cudn ddy song song voi than dép)
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Nguon phat

Day dan1

Day dan2

Piéncuc

Ban v& mit cit dap
Diémdo

Vung thim

Nguon phat

__ Daydan1
Day dan 2
Diéncyc
Ban vé mat cat dap
Diémdo

Ving thim

Hinh 21: Bdn do tir truong thanh phan Bz (cuén dady thang dirng so vdi ddp)

Dua vao thanh phan By va By dé xac dinh huéng ctia dong tham va ro ri qua than dap,
thanh phan B, nham xac dinh d6 siu ciia dong ro tham.

Ban d6 tir truong thanh phan Bx trong hinh 19 x4c dinh duoc mot dong ro tham tir hd
chira vé than dap, diém ro thAm chinh cach dién cuc 10m vé phia may phat, mau sic do thAm
theo thang do mau ctia ban d6 tir mau den thé hién do tham it dén mau tring thé hién do thAm
cao.

Do dong thdm vudng goc véi than dap nén trong ban d6 tir trudng thanh phan By ¢
hinh 20, tir truong dong tham thu nhan duoc rat thap.

Hinh 21 thé hién ban db tir trudng thanh phan By, dwa vao thanh phan B, ta xac dinh
dugc d6 siu ciia dong thim. Tuy nhién hién do than dap co do dbc chir khong phai la mat
phang nhu trong cac thi nghiém trén mo hinh tai phong thi nghiém, vi thé can phai c6 thém
thoi gian dé sir dung cac phuong phap tinh toan va chiéu ngugc méi xac dinh duoc do sau cua
dong tham.

Trong ban do tir trudng ciia 2 thanh phan By va B; co thé hién duoc 2 dudng tir truong
cao phia duong di trén than dap, ddy 1a 2 day lan can sit caa con duong. Theo nhan dinh cua
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nhom nghién ctru, do diy lan can lam bang sit cho nén n6 thu nhan va tap trung cac duong
suc tu truong do dong tham phia dudi than dap phat ra sau dé phat nguoc lai.

I11. KET LUAN

Qua nhitng nghién ciru thiét ké ché tao CANTI di ché tao ra bo cam bién co kich thudc
nhé gon, c6 d nhay cao qua do ché tao hé thiét bi do tir truong cam ung co thé phat hién
duoc vi tri dong tham va dong rd ¢ do sau trén 150m. Céc nghién ciu tiép theo s& duoc tiép
tuc nghién ctu dé nang cao do nhay cua thiét bi, hoan thién phuong phap va ché tao thiét bi
c6 kha ning dap (g tot hon nham tng dung phuong phap nady phuc vu cho cong tac quan Iy,
canh bao va khic phuc kip thoi sy ¢b mat an toan dap.
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