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Verification of Reinforcement with Grouting Materials in a Small Scale
Reservoir Dike using Surface and Borehole Electrical Resistivity survey
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Abstract: To verify the reinforcing effect of grouting materials composed of colloid cement and ordinary portland cement
on the water leakage region in a small scale dike, we performed a tubecasing method and applied surface electrical
resistivity survey including electrical resistivity tomography (ERT) to find resistivity variation before and after grouting.
Hydraulic conductivities after grouting show 10 times lower than those of before grouting. These variation indicates that
the cement grout blocks the leakage pathway effectively. As the results of dipole-dipole resistivity survey along the dike,
resistivity distribution after grouting did not represent noticeable spatial variation in time. Resistivity monitoring results
at the dike with vertical electrical sounding (VES) showed that the region of decreasing apparent resistivity was occupied
by the grout after grouting. Predicted resistivities from the inversion of ERT data well matched with results of VES at
the same regions. From the ERT using check holes to inspect the effect of grouting, we could find that the ERT is
quite effective to identify spatially the grout region in a dike.

Key words: grouting, tubecasing method, ERT, leakage pathway, VES, check hole
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FAA7F léil% dEFYe] FHi7E YRiFoR YeRd
(Houlsby, 1990). o1&gt 1ek-8<] G35 AF3H] 98
T2 ol &= WS, AFTS o]&dt Al3Te]

W3S dlofshe FAlgolnt. aeiv ERlF) o] FYeR
1:].21}\1 %}_Q‘_ Z ;LZ%Q o:iﬁ—x%_i )\%;do] ] J'/‘JEE,
o] gk FAEke] FhAISe vlE HeE 1/5~1/25
HLZ AAE vb ATHEA 71 AY, 2001).

AFA AA B L1 229" 8HE sk WS
;La}_rel 1\]—-— 7(4‘60{] zsﬂx} /\]64 o Eaﬂ- El 7:]]_,—4 A
WHol F2 o] &5 Utk v HAAREY] SR, AlFA7]
A7, AARES] A5 B8 S7F 9 AR Al o3 A €]
FAE A ToE Qs B Fol dig FrAES &
= olElwel st ool we} Il FFAIE ol 2
ZREE 29 -9 tidle] F¢ AT A7|H)AE FRER}
E o] 83 AHy| v|AEe] W3l = o7 o]&3 F F7F
gl ol AEEAL UthFE 3 5, 2003).

o] AFollMe AME e 1ol sl °‘XM TE=rt o
= iiol‘: NHES} HE TEH= Al H7E A5

Bakgon, 7o) @71 143 Ew gl ZAE

%W]"J EH *% sk
AT
AT X=X]

AT AFAE T S| ARG F9E ATA=,
Zo] 92 m, AA =] 145m, Z 3m=E, AA 717+ W, &
Zo] ztz} 2,59} 2091 AR FHo|th(Fig. 1).

Wl A5 FAAR] 29 Halldlon, ofFR SRE
g AR AR ARl = 7] WO] g AR o=
Ao e A5 Jggo s So Hyo] Yehtar 9l
A5k, AFAA BALY fE2 ézifélﬂ STt 2t AA
ROl Yelde TX14-2 Aok H3siA Fa<lsl
e, 53] 4R FHe| A AP Xk HA Y
o] FE B¢ Tt TE PR ddHh

J2tRElo of 8 M=K KX JHM ST B

gurAl o g JHLE FUARNE EARZ FUT A4S AT
e FAA QA 270, FAAL) A, 5 Ak 3=
& 2 FFo Z7) SOl el 3RS wH=r(Houlsby, 1990).
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Fig. 1. Location map of study area with reinforcement regions by
grout, VES points and surface resistivity survey line.
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o o3t ASS AXoR S A F Uk 53] AFA
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Fig. 2. Location map of occupied wells by grout composed of
colloid cement and ordinary portland cement.
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Table 1. Injection volume and pressure of grout of colloid cement.

Bedrock

Central core
Well
number Depth  Volume  Pressure

(m)  (batch*) (kgf/em?)  (m)

Depth  Volume Pressure
(batch*) (kgf/em?)

R 7 0~9.0 25 1~2 9.0~140 9.0 3~4
R 4 0~6.5 3.0 1~-2 6.5~8.5 4.5 3~5
R25 0~35 6.5 25~3  3.5~175 2.0 5~7
R55 0~70 2.0 3.5~5  7.0~-9.0 2.5 3~5
F 4 0~8.0 3.0 3~4  8.0~120 75 5~7
F7 0~11.0 2.5 3~4  11.0~135 25 3~4

*1 batch=368 /, R=rear, F=front
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Table 2. Injection volume and pressure of grout of ordinary portland cement.

Well number D(Tg ;h (\ézltlclgf) (irge;zumr% Well number D(i? ;h (\[;thlclgf) (T;rgefizx%
F 17 0~25.0 15.0 3.0 R 17 0~25.0 4.5 4~5
F 21 0~22.0 8.9 3.5 R 21 0~22.0 52 5~17
F 24 0~22.0 143 3~4 R 24 0~22.0 7.8 4~5
F 27 0~25.0 14.8 3.5~4 R 27 0~22.0 8.0 5.5~6.5
F 30 0~22.0 13.8 3~4.5 R 30 0~22.0 4.1 5~7
F 34 0~21.5 14.5 4~5 R 34 0~22.0 44 6~7
F 37 0~23.5 14.3 3~4 R 37 0~21.0 42 5~6
F 39 0~18.0 9.0 3.5~45 R 39 0~18.8 5.1 5~6
F 42 0~14.0 5.9 3~4 R 42 0~14.0 23 6~7
F 45 0~10.0 2.6 4~5 R 45 0~11.0 1.7 5~17

*1 batch=368 /, R=rear, F=front
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waterway P2\ BH-2 BH-3 BH-4
\ Water

intake

tower

CH-3 CH-4

Fig. 3. Location map of test holes for a tubecasing method.

Table 3. Results of tubecasing method (CC: colloid cement, OPC:
ordinary portland cement).

S Well Hydraulic conductivity (cm/s) Grout
tage .
number Central core Bedrock material
BH-1 4.96x107 4.24x107 CC
_4
Injection F 4 - 2.59x10 Vi
hole F7 1.49x107* - ”
(before BH-2 4.10x107 9.88x10~ oPC
grouting)  BH.3 3.97x10° 9.63x107 "
BH-4 5.18x107° 5.62x107° ”
CH-1 2.47x107 1.38x10 OPC
Checi‘j[ hole  cpp 447107 1.08x10° ,
gr(o"‘uﬁe;g) CH-3 465107 - cC
CH-4 1.81x107 - p

ATHFig. 3). olm] Foshe v 5% A SR AHs S8
AgZA 2] Al 2 A7 A ] 9lHskE BAs o, A4
Q1 BiskEolA Hojuh=s Ame AlASt] H#7kS FsHh
ae}9-g ool A W] FAIE A AR AA T
ZrlM SHE FrAlTE JERS] S et 3.67x107° emds,
AA - F3he] AS Ha 1.87x107 em/isE UERS
(Table 3). ey} 18}9-6] o]$e] B5AlqE HJENS] 495

Wt 3.35%107 em/s, AAHE F8ldje] 49 Fd 1.23x107*
cm/sE AEF= °F 1008], F3lt= oF 108] o F5A17F
ol Zlog BAEJA|N T2R-E AjFe uE xjol=
37 e Aoz Yepdt) dikxog AR I nF
ae}9HS B8 9%l gt ERIE e, 53], AER
o] A= 2HE FHEO] vig =2 AoF Ak

H7|HI M EAL

WIXHH M7 |H| X EHEFAL

£ AR o gk A=A E A7 A FRARE 234 4
S B AR T 2F et aeke-ge] i 23 b
ofslr] flsted, fwhpol 228 Aol 74zt AS74 5
m=Z 3 E AcHFig. 1).
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A og AA FIE7A ZHA FFEo] 4E A= 8
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HollA F 5m Aol 100 ohm-m W ]o] W vA o7} 1
EhtEd), o] 77k ANt X5 = AME J2EVE FAE
TR 45~55m A ALjsre A eR IYFEUE
7F e AL oulahy, 45~55m AP AjEo s Aokst
S FAT 5 ek AR} dNtE = A7RIA R o
78 AR O] ZERE 9] TR A5 Al
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Fig. 4. Two dimensional inversion results of dipole-dipole resistivity
data before grouting (a) and after grouting (b). Numbers in top
margin indicate the distance from the initial point at the left side of
the dike in Fig. 1.
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Fig. 5. Apparent resistivity variation for grouting region with time (a) and for curing time with AB/2 interval (b) at F17 point.
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Fig. 6. Apparent resistivity variation for grouting region with time (a) and for curing time with AB/2 interval (b) at F23 point.
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Fig. 7. Apparent resistivity variation for grouting region with time (a) and for curing time with AB/2 interval (b) at R4 point.
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Fig. 10. Inversion results of ERT before grouting (R4 ~R7) (a),
after grouting (F2.5 ~F5.5) (b), and after grouting (R3.5 ~R6) (c).
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