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Low-Cost CAP-type TDR Exploration Techniques for Leak Detection

ABSTRACT

The river levee collapse and flood damages are dramatically increased due to the floods which caused by abnormal weather nowadays.
The counterplan like TDR(Time Domain Reflectometry) river levee leaking exploration technique is needed to that levee failure causes
of levee failure such as levee failure by penetration, piping, inadequate levee materials selection, poor compaction are almost 52% of
the failure. This research practiced various comparing experiments of existing TDR(probe and tube types) and developing CAP type
TDR to evaluate acrylic small CAP mould and low-cost TDR levee leaking monitoring system which was used probe type TDR. As
the result, evaluated TDR system had 20cm critical exploration performance which was a leaking exploration performance, The
functional ratio of TDR exploration sensitivity of dry density was sensitive more than 3 times than dry density, and weathered granite
soil foundation water contents(w)—dielectric constant(e) corelation formula was suggested to measure functional ratio on developing
cap type TDR system.
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Fig. 1. Contours of dimensionless electric field distribution normal to direction of probe insertion for a material of uniform dielectric
constant (from Zegelin 5, 1989)

TDR sensors,
d assembled in one vertical
- and two horizontal profiles
-~ Field vanes,
\\ pole assembled through
the plexiglass wall

Tensiometer, 3 Pressure transducers,
aligned approx. 25 cm S i assembled through
from the exterior wall = i the plexiglass wall

Fig. 2. Conceptual diagram of Full - scale model experiments and the measuring instrument (Karlsruhe university in Germany)
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Table 1. Characteristics of the weathered granite soils

. . . Grain-size Property
Specific gravity | Plastic Index - - - - -
Passing % of No. 200 (%) Coefficient of urvature (Cg) | Uniformity coefficient (Cu) US.CS.
2.667 N.P 26.0 0.1 10.8 SM
Compaction Property Shear Strength Peoperty
Maximum dry density (t/m’) Optimum water content (%) Cohesion (kgf/cm’) Internal friction angle (°)
1.751 15.6 0.132 30.16

(a) probe type (c) CAP type

pico-sT

(d) bluetooth (f) guide pin

(9) guide pin (h) tube (i) Accessories

Fig. 3. TDR equipment components
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Table 2. Specifications and features of the TDR sensor S 2|43 517 9ste] 3R] AALS 1.5mmE A|2FE

Probe type Tube type ACHE= AL 7| &AL, 2012).
(TRIME-PICO64) (TRIME-PICO IPH)
°0~100% vol. water content °Measuring range : 3m 3.3 Als{dt

°Soil temperature measurement sensor | °0~60% vol. water content
°Conductivity range : 12dS/m of bulk soil| °Rod length : 180mm °
°Rod length : 160mm °Tube length : 1m, 2m, 3m FAFSRH], ZSAA R E‘jﬁ{ﬂ] nE

Table 3. Type and content of the TDR test

Evaluation item Experiment item Variation of value
Diameter of column 10, 15, 20, 25, 30cm
. water content 12%, 25%
Exploration of TDR o
Variation factor type of sensor Probe, CAP, Tube type
dry density 1.35g/cm’
Water content 3,6,9,12, 15, 18%
Variation of water content o type of sensor Probe, CAP, Tube type
Variation factor - S
dry density 1.35g/cm
Dry density 1.25, 1.30, 1.35, 1.40, 1.45g/cm’
Variation of dry density o type of sensor Probe, CAP, Tube type
Variation factor
water content 15%

(d) Experiment view(probe type) (e) Experiment view(cap type) () Experiment view(tube type)

Fig. 4. Experiment scene of experimental mold product and dielectric constants
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15

Dielectrical Constant

10

8 — &—m——— =&

0 5 10 15 20 25 30 35

Acryl Column Diameter (cm)

Fig. 5. The variation in dielectrical constant as a function of acryl
column diameter

Table 4. The variation in dielectrical constant as a function of acryl column diameter

Variation of value

Diameter of column 10 15 20 25 30

Water Content 12% 6.40 7.22 8.45 8.47 8.59

Probe type
Water Content 25% 21.23 21.81 22.88 23.07 23.06
i Water Content 12% 3.71 3.80 4.00 3.99 4.06

Weathere'd granite CAP type 0

soils Water Content 25% 5.43 6.22 7.05 7.03 7.23
Water Content 12% 5.93 6.92 7.50 7.53 7.58

Tube type
Water Content 25% 20.34 20.96 23.01 22.56 22.58
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Fig. 6. The variation in dielectrical constant as a function of water
content
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Table 5. The variation in dielectrical constant as a function of water content

Variation of value
Measure Water Content(%) 3.81 7.11 10.27 14.88 17.87 20.32 24.09 27.79
Probe type 3.38 3.57 5.72 8.00 11.27 12.47 14.84 21.36
Weathered CAP type 3.29 3.43 3.68 413 4.88 5.20 5.57 6.88
granite soils
Tube type 3.50 4.51 6.56 7.49 9.00 9.91 15.04 21.88
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Table 6. The variation in dielectrical constant as a function of dry density

Variation of value
Dry Density (t/m”) 1.25 131 1.34 139 1.45
‘ Probe type 485 6.08 6.4 7.57 7.92
Weathzz‘fsgramte CAP type 2.55 3.60 442 491 5.43
Tube type 422 478 5.59 7.14 8.00
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Fig. 7. The variation in dielectrical constant as a function of dry
density
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