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ABSTRACT

This study evaluated a method for prompt and periodic monitoring of moisture content in the waste layer of a landfill using a

Time Domain Reflectometry (TDR) sensor, aimed at ensuring the stable operation of the bioreactor facility at the 2nd landfill
of the SUDOKWON Landfill Site. It was found that the TDR sensor is sensitive to variables such as temperature changes and
ion content in both the waste layer and leachate, indicating that a correction equation is necessary. A correction equation derived
through regression analysis demonstrated a high correlation (correlation coefficient = 0.9647), and field verification experiments
confirmed its reliability with an average deviation of only 1.5%. This verifies that the TDR sensor is effective for measuring and
monitoring moisture content in landfills. It is also anticipated to be useful for various applications, including monitoring leachate

levels, detecting leachate leakage, and assessing rainwater infiltration.
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Fig. 1. Horizontal injection facility and TDR sensor installation diagram.
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(c) TDR sensor installation diagram
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Table 1. TDR Sensor(TRIME-PICO 64) data sheet
- Range of moisture content : 0~100%

- Range of thermometer : -15~50°C (Accuracy : +1.5°C)
- Range of Conductivity
Item 0~6dS/M 0~6dS/M >20dS/m
Calibrated
Moisture 0~40% +1% +2% according
to
content 40-70% 9 439 material
properties

 Measure volume
1.25L (160x100mm diagmeter)

Fig. 2. TRIME-PICO 64 TDR sensor
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» Review of injection materizl impact
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» Review of Temperature impact
: Analysis of TDR sensor impact according
to temperature change of waste sample
water)

» Moisture content change experiment for
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(standard method)

» Derivation of correction formule

: Waste applicability analysis
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» Verification of correction equation
: Field applicability of correction equation

| » Application

Fig. 3. Experimental procedure
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(a) Experiment equipment

Fig. 4. Measurement of moisture content by temperature change.

(a) Distilled water

Fig. 5. Experiment of moisture content change by injected material.

(b) Experiment preparation
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Table 2. Preparation of experimental samples

Target Waste sample (g) Volume Compaction density
moisture content Waste leachate Sum (em’) (g/em’)
0.0% 5,000 - 5,000 5,558 0.900
2.5% 5,000 130 5,130 5,683 0.903
5.0% 5,000 265 5,265 5,840 0.901
7.5% 5,000 406 5,406 5,997 0.901
10.0% 5,000 555 5,555 6,154 0.903
12.5% 5,000 715 5,715 6,343 0.901
15.0% 5,000 880 5,880 6,531 0.900
17.5% 5,000 1,062 6,062 6,720 0.902
20.0% 5,000 1,250 6,250 6,939 0.901
22.5% 5,000 1,452 6,452 7,159 0.901
25.0% 5,000 1,670 6,670 7410 0.900
27.5% 5,000 1,897 6,897 7,662 0.900
30.0% 5,000 2,140 7,140 7,913 0.902
32.5% 5,000 2,410 7,410 8,227 0.901
35.0% 5,000 2,690 7,690 8,541 0.900
37.5% 5,000 3,000 8,000 8,886 0.900
40.0% 5,000 3,340 8,340 9,263 0.900
42.5% 5,000 3,700 8,700 9,671 0.900

Note) Taget moisture content : weight based calculation formula

(a) Sample preparation for com- (b) TDR sensor installation and  (c) Sample collection for oven dry (d) Oven dryer
paction and moisture content measurement
measurement

Fig. 6. Process of moisture content change experiment.
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Fig. 7. Measurement of moisture content and reverberation time by tem- EFAH(7,200 g)g} 9 248 55, MErE 4
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AR 243 ATk Fig, T3 2 FR5E BUT ARG00 g 1,000 gold S5 22t
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AZFE 520 psPon], LE2 46°C7HA] =9S U LS m, HHF AR 429 ps, 483 ps, TS 14.8%, 23.3%2
37.6%, RHeF AIZEE 582 ps2 A HO] e WAEE SAHAY W JE4E ST AlROA SAHE 449
7.2%p, WFF AI7HS 62 psQ] o]S HArh £k 7R 2k 21°C, 20.4°CE, AEEE 4.68 ds/m, 4.85 ds/m,
A EH, 17°ColA 30°C HoA= & W3lk5o] 48%p,  WIF A|ZH 686 ps, 866 ps, &2 31.0%, 46.9%=
HEeF AJZEe] HBHES: 41 psE UER O, 30°ColA 46°C  SAEICE Utk mfE 2ol F4 23E& Gefsto] TDR
TFRA = a0l 2.4%p, HHF AIZES 21 ps2 WskEo]l  AlMz ST RS Hlus] HH, JE+E R AR
Aoz At 53, 30”C°1W 40°C oA s g A7IHEE, veF ARL s SRS SRSE £TT
HSEL 0.4%p, Jo *lﬂ SRR 5 ps2 2 WL QleS AlREG A5 A S ol Table 404 £AH
sl 4= ATk AY 23, TDR AlM7F 39 ko] ofsf &4 48 5 CIL Na', K' o] o] I8 SR80l
FFe dethe A4S Bl 4= oo, £x Halh A4 J3K(Seo & Cho, 1998)2 = A o= HLhErh
WAshs S M e 229 e 1HT HEV 28 o] A¢ Az EYTA AHEE= TDR AAE 24 2
0= e, §lo] AHgE A, o]2A Edo] 2oE M= s
ohah WA Wi 2] A ARAAFE o] 3m S SAgke] d5E 4 9SS U 4 lSle 53] et ol
AEE(AEE, A=) ﬂ$ I WSt wheh £ Wsh Fo] o]/ EHo] thik iE3tE g4 TDR AN E AHEE
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Table 3. Result of moisture content comparison test by injected material
TDR sensor Expected
Item Mix Temperat-ure Conducti-vity Reverbera-tion time ~ Moisture content moisture content
amount (g) (°C) (dS/m) (ps) (%) (%)
- 22.1 1.42 - - -
Standard sand + 500 210 1.46 429 148 69
distilled water
1,000 20.0 1.48 483 223 13.9
- 22.0 1.40 - - -
Standard sand 500 21.0 4.68 686 310 69
leachate
1,000 20.4 4.85 866 46.9 13.9

Note) Expected moisture content : weight based calculation formula
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Table 4. The composition of leachate from SUDOKWON 2™ landfill

Item Unit Lechate measure
TDS gL 11.0
Alkalinity mg/L CaCOs 10,580.0
Bicarbonate mg/L 12,907.6
Na’ mg/L 1,911.5
Ca™ mg/L 82.4
Mg™ mg/L 126.4
K* mg/L 1,022.0
CODMn mg/L 725.2
CN mg/L 0.01
TN mg/L 1,767.6
T-P mg/L 9.807
Cr mg/L 2,977.5
SO mg/L 259.8
TOC mg/L 490
NH4'-N mg/L 1,180.0
Conductivity mS/cm 23.1
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Table 5. Verification result of correction formula of moisture content
Depth 20m Depth 30m
pate Tempe-rature Revs:rb-eration Calibration Oven dry Tempe-rature Rev§rb—erati0n Calibration Oven dry
time(ps) time(ps)

2023/7/24 36.1°C 445 21.2% 38.1°C 620 32.0%

2023/7/25 36.0°C 444 21.1% 37.90°C 624 32.2%

2023/7/26 36.0°C 443 21.0% 37.9°C 624 32.2%

2023/7/27 36.0°C 443 21.0% 37.9°C 628 32.4%

2023/7/28 36.0°C 442 20.1% 37.9°C 627 32.3%

18.7% 33.4%

2023/7/31 36.1°C 441 20.9% 37.9°C 632 32.7%

2023/8/01 36.1°C 441 20.9% 37.9°C 637 33.0%

2023/8/02 36.1°C 440 20.8% 37.9°C 640 33.1%

2023/8/03 36.1°C 441 20.9% 37.9°C 646 33.5%

2023/8/04 36.1°C 441 20.9% 37.9°C 645 33.5%

Average 36.1°C 442 21.0% 18.7% 37.9°C 632 32.7% 33.4%
BA4510] Fig, 99 2ol AN BESTh BAA Bl wsle] G2 W4E 9% A A vag AgEst B L
N AR PHS BESo] 5 ASsh 57 W 20 T FARE RAOR, 20 m T BF 2EE 361°CR, 30
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