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Application of Time Domain Reflectometry (TDR) on Bedload Monitoring

BHFEI - BEHIER
Shusuke MIYATA and Masaharu FUJITA

Synopsis

Toward a novel approach of bedload monitoring in mountainous streams, we
attempted to measure height and porosity of sediment layer below water surface by
applying TDR. A column experiment was conducted to validate accuracies of estimated
sediment height and porosity for a probe (0.75 mm in length). The probe was inserted
into a container filled with water and, then, TDR waveforms were measured during a
procedure of supplying the sand until the probe was totally covered by sediment layer.
TDR waveforms were analyzed and used for calculating height and porosity of sediment
layers. Experimental results show good agreements of calculated heights of sediment
layer. Calculated porosities ranged from 0.32 to 0.46, which were consistent with
general porosity of deposited sand (about 0.4). Comparisons between calculated and
observed cumulative sediment volumes suggested that the method proposed in this study
is applicable of monitoring sediment in water and bedload in the field.
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Fig. 1 Schematic illustration of detecting sediment surface in water

— 380 —



DI BRENE SNV AR SN TR (=14 v v —
HUAMKEN) &, AORIHREIT L A DNE
LIERREE (A4 v E—F 2 AR/NEW) il L7
Z L ET (FERS, 2009) . TDRIZIE OAEHILH
Mt LSIEANTO e —T7 L THY, HEIZX
STRRD. LzHWD X, FEEFRIILTORX
TERIND (B, 2003) .

£ :[pr] (4)

ZIT, GRS —T AT R T a =T R T D
[ — 7 N F 1 D BREBARHERERE TH D,
Vp=0.99& L7= (%2, 2003) .

R DFEREZFO 2MBOMHANES D L &,

FHEBORELSICBNTAEL D~ A 7 v oK
ERALCHEABEZRMT LN TED (BRD,
2008) . EREAEEL K Hlc7ue—7 %3 E L CTDR
DREZEATS &, WEEFHEITAHY 3 5 &P CTDR
W OEHENHNS (Fig.1) . ZhEHAsRSZ
ETCERmAERMT LI ENTES.

2.2 HBIWENEFEOHME

TWREDODEIBLINZEDOEMEREL ZNENRD D
LT, KFICHERE LT ERb R (RFE) 2IET S,
TWEORE SIE, EwEoRmNERD D, EER
(=B KE) ZH#HETHZ LT, TEOREMH
Rrfhs.

RAFICHERE U7 B Rl ONLiE 2 JE 3 2 54,
EEMK, FEM A Ok+a) &2 5. K,
WoLFEERITZNEN80.2 (20C) , 3~4TH D
ZEBEmBNTWS., FD, AT HWEOtH
BRITZERR0S5THRIAR2E 0D,

KT m—T %A LT & = ITHE S HTDRIK
Bix, 7o —7WRET1OoOHDORE RS, Fu—
T T2 o B O ARk d (Fig. 188) . —F,
KELfafmtwE2EL L7 e —7%2FAT 5
L, o=, LA T2 oBERAEICE
WCTDRIEIE S B e 72 2842 5 2 o~ 9~ (Fig. 15E4%) .
7B, Tu—T7REE 0 ROEBIZIZERKIICLD
HLOTHY, KFFETITHWZR.

HESNT=TDRETE b LW EAL Z#HEE T D729
12238 0 O FENHE STV DA (JHEE S, 2009) ,
INETOWRIZEVPEBEDOEH S B RINTZ T
FEOFEL W (FH - BEH, 2014) . KBEIW
M TwEEL e —70 L@, Thbbru—
TRKE LS OHOERERMAT S, 2L T,
ABrXofafntmic Yo —7%2HAL TCTHELNE

TDRIEIE DEH S E TORNTOE S L2 lET 5
(Fig. 1Z2M) . Lpld KOEFEROHLTRESND
2%, Yue—UREAINnfEiERos S,

L

hsed = L(l_ L_azj (5)

aw

FORDEND., ZZT, LyldKDOBETORNTD
Tua—T7ETHY, HoUHHETS.

KA CHERE U 72 @I fafn L T\ A7, fafn
T g OFEE R el d, ZERF OB L OB TH DK,
WL DOFEEE (ENE ey &oi) ZHAWVTET
DRTEREIND.

Vs == 0Weg +0fe, (6)

fafn LR EICHE LT e — T O RN ORI,
T —TR2EDORNTE S Ly & KEHOLNTE
ElpPETROLND. F=, fafntwbEIcHEE L
7a—T7RiE RO LVRDTEhGgEH NS,
HER@IWTRAT S L, fafn w0 o EF gy
"ELND.

2
Ll_LZ
— a a 7
gsed ( h Vp ] ()

sed

X (7) THE S 7o g b g o bRk 2 A A(6) IS
AL CTERREA & FFRICZRRBELHEE L, K
R DA LR A KD T,

3. EEAZE

FENERICE VIR L OHERE LD 2B =R E
FEBE DRGEZ AT - 72, B < o iR B EUE XK
TOWPE LD, RIFFRTIIEHEN 2T — & DI
BEERLE LT, Kz LiEZamictmae L
TWE, BH, WEMBLOERELZFHETS 1%
JEi) 7 KR AT o 7.

EBRFFEIILLTO®Y TH 5.

1) KEFELEZARICTDRA 7 0 —7 2 58412K

BETDHEIICHALTHEET .

2) TDREFRZME L, Lauxk KD 5.

3) W AEILEFRE SN LERTDREEL LW
WM A ERICCHET 5. £/, TRWER
IS ATICRIE LT3 <.

4) tWOFEEE T o —TRIEN LW CHE T 5 F

— 381 —



ThiT 5.

FEEBROBXKIIFig. U R L7=EY THhDH. EBIC
Wi B ok B4y 4 & Fig. 2l279. £, f#a+
MIIERICEER L TWhoaTo2, Bk, &S
KIS L ORI S & R, s T O KRR & 15 7.

o —7 7 A 4 X Campbell Scientifict:#TDR100
RV, JIE SN - TDREE N & Hft L 72=PC TR AL
v, TeE L. Fu—72I3E &7.5cm, EA£0.16cm
Dy R THERE & L5 Campbell Scientifict:$#LCS645
ERHWE. BEHRIITERN25emOR Y 7r B L o Hl
MfE & Rz,

B 5N ETDRETEIC W T LS 2 M L,
LaB & Pl k7. B AT AERRIEIC L R
7= (RO, 2009) . AKFEHREE, TDOREHE OGN
EEBOIBMREZOBROBEE DR ORI VERLED
RREEREETDIHLOTHS (Fig.3) . W/MEZE
EDRVEAE, BRSPS T 2 ERT OB

E B DR E DR E DR R 2 ZAbR & L.

KOHDIRRETHIE LIZTDRIEFE N D, Luzx d 5
NUDREIE L. RFETHW a7 FoERIT
TDRMEE 2 BHPHI KT LT/ &<, JIERE R ITBE m
BMORBLZ -, KO FHERIZEEKE
T B8, FERBAIEFIZ LW S KDEFHE R, %2 K
.

4 HREER

Fig AICTDRIZIERE R 2R3, LRVRENLA |
AT DITONT, Lap, Lap& BITHELS o7z 72721,

TWREN Neg32ImmEL F D & Z IXERE I 5
WIEAENRAB TH 72720, LpaRDDZ LN

TERhol-. ZTNOOEFEEMIT L RO BN
100
180 &
(5]
2
160 E
2
140 &
2
120 '3
[a
| | 0
0.01 0.1 1

Diameter (mm)

Fig. 2 Particle size distribution of experimental sand
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Fig. 4 Results of TDR waveform
‘w’ and ‘s’ in legend indicate thickness of water and sediment layers, respectively (unit: mm).
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Fig. 7 Cumulative volume of sediment

HELDOD, heZRDBHZENTETZ, ZDIEHD
XX, a—7EMR7.5emicx L CERIC L DR EN
Kotz Z b &, BEA255cmDELIC WY — 2 HE
BLligpokZ ENFERELTEZLND.

22RO F A R A Fig 61T, L& RIS B
FHNLhegH321mmLL F D & X T2 R b, 22
MELHECE R (XMW . —l, H
B EEE VB EOERRIIN0ATHY, AT
ETHRIBEDZERR L 257

THERHRMBIOEREIVFE LR EE
BIE O H# & Fig. 7108, ERVRTAAN 7 o — 7R
ICEGE LT & & (heg=75 mm) OFERE +WE D
BE, FERMEZZENEN2,294.7, 2,094.8 cmPTH o
2. WTFROBIER RV T S FERIME & HEEO
AT T TH Y, KPIZHE L LW EEK
W 5D DORFEDHE N RS T,

FEHEDIIINE TOWIICBNT, Bis L0
7 —7 THLRBEORETIERERMEZRD LN D
ZexmmRLEE. E£2, BIEOBGNL T —T % H
W5 ZETTHIERBE 2L mEL EIZJAT D 2 &N ATHE
ThbH (FH - EEH, EfEH) . =EL, Tr—7
ENKELRD LBV ADHERNKE L
L2728, Ia—TRIIRARD L. FHEES (2009)
EEEHA LY, BAROW)I KO EXSEE
(0.013 S/m) BT 2MERBER Y r—7 E44.2m
ERLTWS. BIMUCAFELZEH T 28I, 7
0—7ROREICEETILERNDD. £, AT
BIXRD2MEREORERERMT 5720, KbICH
ELi-twm OkEg—LE) & L<IERE— L
BLWVWoBIZOWCGHARRAR S Z LICEES
%Y 5.

KB THWZFY 2T 2%, Tun—7, 47—
TNT AL, WEMAPCTH L. B TomE NI
HWaiclx, EEEzLkd 52007 —42ni—>N"n
METHD. Te—T735FHRETHLID, F—7
T ZAZTEA T Ot TH Y, FEEICLN B
R AT HEWI DT TEHARW. 2L, SEAN
T —TNTAZFNT T VLI 52N T5HZ LT,
1BEDr—TNT AZIZI0ARL LD 7 v —7 % 5
THZENTRETH S, TD7, HERDE IR % H
FLTEWEHICHSOX 18Dy —7 AT AE 2 HET
WIEBHI AT LA EMETEDEEZLND. 20D
&5 BB ~ORFIEORRIISHOBETH
5.

5, HHYIC

IHHENC BT 2 HWEE=X U 7 OH L WF
ERIEOFE B L LT, TDREZFH L=

— 383 —



BLOZERBRNEICL 5 W EHEE TEORREEIT
S, ZOFEOFYEEKFIC LW 2 HESET
WS ENERICK > THRIEL 2. ZORE, Wwidsl
BN A T 2121+ RS TR IS HEFRET 5 LR
BEWETHZENTE R, 4%, AT TOR
EREEOMKGE, R TOF o — T OlAMERS L,
TDRIEIE A B TIEORESTIC X 0, BT B
~DOREMHE BT

SE X

REEME — - EORDLHE - HLERRER (2009) : IREFEIREIR
FFHEIZ & 2 K o o R LR R i A7 0 3R E,
AT T 5245504, Vol. 262, pp. 75-81.

PR — - ORI (1992) : FEAZ M Uik
EEHHEEE IOV T, WFEREE, Vol. 44, No. 5, pp.
26-31

IREER K « AR - ZHBEXK - LB & (2008)
R O EBEIREZ HAY & L2 Lk R X
TS B 2 Bk 2R BN, W FAEE,
Vol. 60, No.5, pp.15-22.

RS (1985) (Lo L i I B 2 AT
78, R RFAALERSC, 149pp.

B R= - KILEA - Bprp s - PR IETR - SHIERE
(2008) : [IHNEIRICIS T D LbENEE O E R E =
2V 7 FIEORSE, BRI TR,
Vol. 51, No.B, pp. 661-668.

D) (2003) : EEETDRIEFEMH — P oK -
BoRORKE—, LEOHEYE, Vol 93, pp.

EORDER - HUR TRR - AR (2008) R FE N

FHEIC X DKL - (B8 B L O AL o3, +
oM, Vol. 108, pp. 37-45.

HHEFN - BEEIEME (2014) : TDR (FRRREIMEIR 4
HIEE) 2R U 72 R AL L O EREE,
WLt ()

AKiE A - B i - BFrp /A (1996) : HEE (N
A Fa 74 2) IC XD EOEGER, WBhys
75, Vol. 49, No. 4, pp. 34-37.

s R A - AR L - =R (2009) : TDRIE %
Mz R o K4y &8 SRS B o R RE I E L B
T 5 TAAIRRGT, BREEHIEE, Vol 31, pp. 32-37.

Dietrich, W.E., Kirchner, J. W., Ikeda, H. and Iseya, F.
(1989): Sediment supply and the development of the
coarse surface layer in gravel-bedded rivers, Nature,
Vol. 340, pp. 215-217.

Rickenmann, D. (1997): Sediment transport in Swiss
torrents, Earth Surface Processes and Landforms, Vol.
22, pp. 937-951.

Rickenmann, D., Turowski, J. M., Fritschi, B., Klaiber, A.
and Ludwig, A. (2012): Bedload
measurements at the Erlenbach stream with geophones
and automated basket samplers, Earth Surface
Processes and Landforms, Vol. 37, pp. 1000-1011.

Thomsen, A., Hansen, B. and Schelde, K. (2000):
Application of TDR to water level measurement,
Journal of Hydrology, Vol. 236, pp. 252-258.

transport

(XA : 2014F6A118)

— 384 —





