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ABSTRACT

Streambed percolation is one of the most important routes for groundwater recharge.
Among many methods, using diurnal temperature time series in streambed to determine
the percolation velocity is one the most using methods. At least two temperature logs
should be installed, one in the streambed of 10-100cm in depth and one on the streambed
surface. Percolation velocity then is calculated from those temperature time series by
analytical or numerical procedures. Several numerical codes, e.g. VS2DH, SUTRA,
TOUGH?2, were developed for 2D or 3D heat transport simulation and also were using for
streambed percolation velocity calculation, but, with great complexity. In this research,
we simplify the calculation by developing new computer codes that solve the 1D heat
transfer equation. Using the diurnal temperature data, we can calculate the percolation
velocities of each day. With more percolation velocities data there will be have more
understanding for the river/groundwater interaction.

We also conducted a field test for studying the streambed percolation in a tributary
of the Choshui stream, central Taiwan. Our data show that the average percolation velocity
is about 2.63 x 10 m/s and with a vertical hydraulic conductivity of 3.27 x 10° m/s. The
calculated hydraulic conductivity is too small than values of about 10~ m/s from the
previous studies. In our data there is no correlation between percolation velocity and river
water level. We suggest that the streambed was clogging of the percolation surface and
resulting reduction in percolation velocity and hydraulic conductivity. The studying stream
section could be a “disconnected stream” because of the groundwater table is probably as

deep as 20-30 m below the streambed and with a clogging layer deposited on it.

Keywords: Temperature method, Streambed, Percolation velocity, Clogging layer.
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HTRFSER R BRI TTIE R » B0 : HER &
TERE - ABEE - B PSR E - RS - KA
{7 5% (Scanlon ef al., 2002; Anderson, 2005) °
TP 38 3 R 2 3o T T I A S B GRS B
W) » s R W B b e ) T > PRk
BN NBTIHMRAR > BVRTEHRT R A/ H
B & (Lerner, 1997; Rushton, 1997) o A B2 H1EZE

TR LS \NBit » NBETI T B —44 ~ =
FIREE RS MK ABERSS » Al —BRIRE
i K B [ A - BT SR H A2 & (Kraatz, 1977,
Lee and Cherry, 1978) o Bt 873 15 HIEELLAT E
B ENE - (E BRI ~ 2000 1R &
Bl > IGE BRI ER B R (Rutledge, 1997,
Halford and Mayer, 2000) o [&]{i} 25 KN [E 28
(K R S FERFI(REK ~ Tk~ k5 ~ H
SEAFNRIRE A 52 - (e B F R AR
G o SRHEMIH T /K BRIE 5 53 He(Taylor et al.,
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1989; 1992) -

BETIEREES  GHEEH - HhEET
M - WERES HRER T BRI s B —E HNTT
% BARER > MR R R E TR T2
D YRES N B S RO Bk A o AT DR TR0 P T T e
I > KEVERE SRR RS TR R T H RS
FLHRNG SO S 91 e A Ao » B H AR IE 2=
(AA)IREIEFE(A o )T HER ABWUE(E 1) -
H ] 7 2 a0 T K (Suzuki, 1960; Stallman,
1963, 1964, 1965; Constantz, 2008)

(/pC)(E°T/OZ*) — q(pyCy/pC) (8T/OZ) = T/t

AR/ E | THREVEREIE > « BEEY
%8 (thermal conductivity) ~ p BEFIA RS {755 &
(saturated streambed density) ~ C BEFI7H] R HE 20
(saturated specific heat capacity) ~ T &% ~ Z B3
ELJ7 1A o wpC IE XA 3 B HU% Bl (o, thermal
diffusivity) » 2048 5 0R BB 2 100 %
107 m’/s 2l o JeiB55 2 TERENRIE > q KEEA
B4 (infiltration flux)FHn] PR _F/K#EE NI -
puC FE7KIJ 5 B LEER » AR TR ¢ FSIRRRE o

NBAE(ANBIER)E RS EE > q 5
JKHE B (m/s) = BRI IR bz /KRR TR
(FRIATTIR) » BHE R ERR o EKRTA
WIREH > RERESE ] ~ R > EREH
FERIFH A ~ R > IR R E R

R o I LW R IE AR EE R DARE (] > AEARHH ST
HE Z B R AJBHHE v (streambed percolation
velocity) » JFLfE FHE AR T /K AHBRRT 5% 5 Y
TR T KRR 7 33 (average linear groundwater
velocity) o {& B FRAT T =X

q=av

q /KBS (m/s) ~ v IR ABITUE ~ 1#
B a FRRITERALIFER (REE@TIFLIRER) -

{5 FH 22D SR R S I T o1 > A BeEg
215 FH AT % (Suzuki, 1960; Silliman and Booth,
1993; Silliman et al., 1995; Hatch et al., 2006;
Keery et al., 2007) » BEBEB AR ABTH
(Niswonger and Prudic, 2003; Stonestrom and
Constantz, 2003) - {i f§ HiR L > HI7EEH
P o BRAR AT LIRS A BHE 2.3 < 107 m/s »
FHEESM LIRS - HIATRHEAE 1.0 x 10° s

T FH AFTHITS 7K (g B AR R T 0 36
B & FH A T VS2DH (Healy and Ronan,
1996) ~ SUTRA (Voss, 1990) & E[H A mHTH K E
E#2 TOUGH2 (Pruess et al., 1999)% o {H3g LEf&
KA IR R ABARZH > FERAK
R T 7k 2 —HE 22 —AERIEARE (R TTRE - 5
FeE A iR ZH e R T AR
PR T — g P (P IT PR i o BB AR A - Bl
Niswonger and Prudic (2003){# ] 6 RAJEHE » I8
& A B R E 1Y K 77 E R B (hydraulic
conductivity) » {5 #5830 R T U P 3 W)
(match) E T REE A1) > RERFII/K T JEEAREL -
LA B KAT > BT SRASI R ABER o

AR FEHITRE SR 2 AL - i SR K
AT AVEERR R > R E R PR I SR R
TR S BRI - (HREEBIKAE - FEHEL
fE A KRR o T H AR LU H B e
(b FEHREAL - Fr DR 6 KBS - Hrki
6 FRERANAR ABTE » AL E LAY B4R
BB - SR A B IIRERE A B R AR -
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0 o
= HRSE®

AR A B e AR XS R - (DFEC
Therm_Diffusivity.exe %% [EE » (5 LIEE
R gt 2 PR R B - (QFE 2L River_Infil_
Velocity.exe T e LA  WIRE IEVHE
T~ R R FEEVE - IR DU IR R SR A B
& o R R T L AR A 1
BB R TR R — A 2 BVEE - St 1 m £ i
(0 m £ B85~ 1 mERTEM ~ LU 0.01 m
FE—#dt&% » 33 B 100 {ERERS (1 2) - R RIS
REFD—2K - WRERERF T s B 8L o FORMREMS R
TREEITRDC » 2830 1 Al @A - AL
A3 GMEROTRER)

o(&*T/0Z%) = 8T/t

EHERSE 2 ZAaHE - i G s R
T )RR > FRERHIERS o Az 55
RS E R BUR ok E J:ﬁ(Ti-ln)ﬁ—Fﬁ(Tmn)

kg o 520 3 HUBEIRZE D AT F 5 (Lam, 1994;
Holman, 1992)

o2T Ty "~ Ti V(A z)* =TT oo 4)

AREAMIBEER - AR B H 8 L it
TR (EE LB FREE R » P/ N 1 5 ~

EE &S5 &
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#1:#£0.001°C i

VA

RAF R AR IR AAR

3 ZRBASR Therm Diffusivity FZ2TVEHUKERIY
2

ST 48 BRI - R TR — R IR Y-
72 48 BHEEER (R & 5 R EIME) - f ALCRIS L
B EER - R A B LI FBRERE A
HAES 1% 1072 1 x 107 m%s » HRICA—(H
BRI - ARG REBRET R T H R
Lt B HLARIE - AR SRS L B IS
W o 7 BB N R B B AL GR L - AT
—RHTEGE » FCASKAR » SEATHIE E A8
X BIRDSK iR A B R B (] 3) -
BRI AR » B —FRIA PR R RA -

iR RSO R HAEME (R 5 KX » LUB AR
RERIHbIR > A1 E A1) e (Niswonger and Prudic,
2003) : 5 RRERE 1 m (B FRREARK  (HT
18 TRAR S ] R E AR » BIEBE R
HIROE B 7R R B B A B o ARE R T 38
FRELERLR 10-30°C (BRI 1 m FEEH)
HiE B - BVRECRES 1 < 107 & 1 x 107
m’/s » R AR — (SR B SR B BRI T
BRI » ARG — A T H R Ll
B FLAIRIES » PR BRET IR B I 7 45 B i
e » 2 R0 NE ST B T B R - 1
Rl — KA TEE - FHCASKEE » HAEFTHY 300 X
B BIATSR R (R T @SR © IIRAITE
(I I B AR ATT L% 0.01°C » @ TR AT peE B
BRI 22 B T8 FHELE 2 /NS 0.001°CHR
[T H25% o {fi Fl ARHF%E.2 Therm Diffusivity.exe
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AR > [RIEZE S B O L s S AR (1 4) - {31
FHh 2011 5 6 A 9 HZ HEE » LI 0.26 m
VRIS 2 B - AR ERTASEE - iR i 11 2 B
BUREL 0= 6.45 x 107 m?/s ~ BRI BILEEHEE 2 fRi 5
FER 5.7 % 10°°C » {H A BHERAIR I R (]
5A) o FRIERRIEEE - fH T3 2 BMERUREL o =
7.3 x 107 m%/s ~ IRMEFRAETE /N ~ 9 3.8 x 10°°C ~
HZ AR IE ([ 5B) -

[ 22 B —HE 2 AR 1 REfFSREE
1T EMHE River Infil Velocity.exe DUIRE{F
MR E ABE o AR XETF ZUG AR
TEFIT e B O i - LR AR B AR B
TR 55 A BT LA [ o ZAERRIH q(pWCy/pC)
(1/0Z) B 7 L 7= 4> 77 12 X av(puCu/pC)
(Tii-Ti/Az) o £ T RHAIR ABTUE v & Rk AR E
s AR IFLIRAR ~ BRAIEMEE (R ~ AR
J& ~ BRFILLENE, T8 R e TE A R
fill) o B AHFFET ~ AKHIJLLENS 4180 J/kgC K&
J& 1000 kg/m’® o AF% 2y A B [ 2 b 0 P T A
L) B MU T T e — RS 2 RS At RN H Bl
LIFRFEABFGEICA » BRI 1 x 107%F 1 x

- iR

(AR E AT (B)ARE A%

240
5 MIERNEIE  RIBRES/)  BISBRE

PYUNT

1 30cmiEsim

5 cmifHig

23

6 HERBSRS 10 BHDREHIR(ER
E5 Tsai et al., 2008)

107 m/s » FERAR A —{BERAT BT » 7RG
FRAEA T T H IR A b R R B LRI » R e
(e B B RS P > AR NE MR B E
(P ABE - R —ROTELE > B KR -
HAEITHA- OB > BTSRRI ABIUHE -

T2 + (1) H sl - 30 T 3 B 2 KR L
Gl » NFH T K ZIUE > SKREMERRE - 51H
A& SCER(Tsai et al., 2008; Munz ef al., 2010),Z i
GRS - DIARE X BUE R B SR o ST A L
%} o Tsai et al. (2008)FF5L SRR 1994-1998
T EHR S HP kRS S s 0
BB RS KR ROTERS 1 e A R
Hi 8L EdE - AL H 10 434 0.05 m J5
0.30 m i H 8L R ([ 6) - 0.05 m ZEFJHINE
KK 23.40°C ~ %549 25.10C » 0.30 m %Y
IR R KA 24.49°C ~ =ik 24.74°C - fiRiE L
£ 0.15 ((%%K?EWEB%LI(%%K?EW@ Ag30/Ag0s) © i
0.05 m HiVEE B _F 08 SR - I 0GB
25°C > SR#RLL 0.05 m HRATEIR( BT 0 3T
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F*1 EBEHER
SRR TR BT | AARIAIRIGAHR | URITERNEE | AMRITHREE

- m?/s m?/s C C

Tsai et al., 2008 6.23 x 107 6.51 x 107 255 25.8
11.9x 107 14.5 x 107 21.19

Munz et al., 2010 ———— ———
TERZABRE m/s | AT RZ A B IRE m/s

Ronan et al., 1998 1.38 x 10° 1.27 x 107 12-13 12.5
Keery et al., 2007 2.9-6.4 x 10 5.72 x 10 6.0
Silliman et al., 1995 8.3-83 x 107 4.7 %107 20.0

— SR P AR

BUHT J5FEAE 0.25 m Y H B R - ELEIRY
0.30 m HijE FL#:(0.05 m Bl 0.30 m RS
0.25 m) » HII] 3R Hi 1 88 7 2 R B T 8
B o Tsai et al. (2008) LLEHTIR SR Hi ) -k
TEEURERS 6.23 x 107 m¥/s» 385 1 m ZHIE
FHIERS 25.5°C » AR BlEfRE 6.51 x 107
m’/s s FHBR 1 m ZHEE Bl 25.80°C » @
M B AT 72 2 BB AR AHE — (R 1) -

Munz et al. (2010){F{EH Leipzig i &
1550 2010 £ 6-10 [ LI HERDHEST A BAHIIR T
it o HAHEZE 0.015 m B 0.365 m MR EHE
GREAE » fE ABAEEERE » 0.015 cm ZE1]
HIBE AR 20.0C ~ 2% 28.0C » 0.365 m &
HIHEL A ARAY 22.5°C ~ IS 23.8°C % 0.015 m
HIRE B 8 R ~ IR PIRARE RS 25°C 0 AR
#%LL 0.015 m MR (L85 - FHEET /7R
0.35 m [ H R RS > BLEFHITY 0.365 m bk
i o SREMERUREUR T B3 PR o AR EERL
TRBUZ RATRRS 11,9 x 107 m?/s » AR 2 #h i
fRF 145 x 107 m’/s » FiBFURIE 2 BUEMRES
21.19°C o AFR 202 Bl R S iy A2 AT R 22
Ko

(2) H M TR - i1 VL 2 BT 37 > 5
{EE(RE ~ WIREEE - MR R ~ fLRZR »
FIVAT SR PR A B W DL = 8 7 (5 B S
107~ 10° ~ B 107 m/s) R [A] 2 ST 7 B hs B
78,2 ° H— ~ Ronan et al. (1998)7£ 355 Py HEE N
Vicee BRI A RS EE48R » 24 HERZ 1994
5 H 24 HEVERERS » K 2 HE 5
8-23°C » T8 Im 2 HIEE 12-13°C » #IE

0.5 m JHIRE S 13-17°C - SZRFeLIBUEE R A
BliE » DL VS2DH R A B - BE R
] R A (B i R R R B YU A S AR
2.3 WmC ~ B 1770 kg/m® ~ FLEVE 1500
Jkg'C ~ FLBRZR 1% 0.3 » RIS R A BT
1.38 x 10° m/s o ARFZE LB 230 PRI 6% 7%
BRI - T B R A YR R
12.5°C » SR HA R ABFGEE 1.27 x 10° m/s » A
P22 B R BRI A 2 AT AR o — 2K o

H = ~ Keery et al. (2007){£#[& Shropshire
(1] Tern {R[ 3 A B ELE AR > 3% E bR T1 25
Z 2005 7 H 8 HEYHREPH - WK 2 H
MRS 15-17°C > T@R 1 m 2R > 1
R 0.20 m [ HIRE R 14-15C o SRS LA IE
SRABIUH » BER AR B R GRS A
B EVE S IREE 1.4 W/m'C ~ BEE 1990
kg/m® ~ HEELES 2072 /kg'C ~ FLBARES 0.4 > Sk15
TR B S 2.9-6.4 % 10° m/s » AHFSELL
LW R HIRE R LS FURE > i8R s
PR EBE 6°C » SRERT IR ABIHEE 5.72 *
10 my/s » AFE 202 B AR B A2 T R h i —
2 e

H = ~ Silliman et al. (1995)7f 3 & Indiana /||
(1) Juday 1ZRJEM A B ELR AR - B E R
1991 & 8 H 15 HHIRE R » W RTH 2 H il
JERS 18.5-227C » @5 Im G ZHREARR » HHEE
0.14 m Y HIRE S 19.5-20.5°C o BZH5ELURHTIE
KB AR R R E CRIERS TG ~ 1)
FJRRI VKRR B EE (R R 1.0 W/m'C ~ %%
JE 15 1900 kg/m® ~ FLZEAE 1000 J/kg'C ~ FLERZAS S,

—72—



&2 EEHERAMEN

R EREE IR QN EE ik C AR AR K .

RRISH ivlinfcgk x 10° kg;)m3 kJ/kgC o x107m%/s TR
R E ot iy R 1.0-2.3 1.7-2.0 1.0-2.1 1.7-13.5 1
A B &t R 1.4-2.2 1.4-2.0 1.7-3.6 24-53 2-3
ARt R 1.4-2.2 1.7-2.3 1.4-2.6 3.9-9.8 2-3
A B 4 ffo Bh 2.0 1.9 1.4 7.3 3
K 0.6 1.0 42 14

SCER AR @ 1. Ronan et al. (1998), Keery et al. (2007), Silliman et al. (1995); 2. Stonestrom and Blasch (2003); 3. Lapham (1989)

*3 SEERIREZRINEERY - BE - LA EE DT

ST B *Ms‘f*éﬂ%%ﬁ K g‘}@i P . ttézeoc ’W%%%ﬁ'»z&i N& iRk
W/m'C x 10° kg/m kJ/kgC ax 10" m7/s m/s
Juday-1 1.0 1.7 1.0 5.9 <1.0 x 107
Juday-2 1.0 23 2.6 1.7 8.9 x 10
Juday-3* 1.0 1.9 1.0 5.0 4.7 %107
Tern-1 1.4 1.7 1.0 8.2 7.1 x 107
Tern-2 1.4 2.3 2.6 2.3 9.3x10°
Tern-3* 1.4 1.99 2.07 34 5.7 x10°
Vicee-1 23 1.7 1.0 13.5 8.0 x 10
Vicee-2 23 23 26 3.8 2.6x10°
Vicee-3* 2.3 1.77 1.50 8.7 1.3x10°
FE* B R SRR P AR AR A

0.3+ SRR A B KIS 8.3 x 10° m/s % 8.3 x
107 m/s 28 o AHFZE LU 0] R H IR RS
FEFRRE > T BB IRE EEE 20°C 5 3K
T PR B HHES 4.7 x 107 mis » AFER.2 Bl
FR BRI A Z AR — 3 -

O] F] R PR (R~ B ~ EH R (B
R B = E G LR B (8 < L) e FLIs AR Sl
FRERE BRI ~ BMEEI B
b AKHUEAERS 107 nvs B > HEENE G EE S
R AR BB R - AR 10°-107 nvs
IF » CRCFIZMER PRI > MO E TEREK -
i AFFF 2Bk R EC dik(Lapham, 1989; Stonestrom
and Blasch, 2003) » B[R [Flf5 14 1) & ] RS
(IBRERIATRS 1.7-2.3 x 10" kg/m’ > [EEMKIA TS
1.0-2.6 kl/kg'C (3 2) o

DLt =Rt B IR SR A3 101 > Juday {5
(3 3) > AKIFEF R BER AR S HI A BIHE 4.7 *
107 m/s : FEEE (RIS 1.0 W/m'C A > (5%

R AR/ NME 17 x 107 kg/m’ B 1.0
kIkgC » BRECREUIES 5.9 m’/s » HERER
ANBIGHE<1 x 107 m/s : 54 K HL R A 2.3
10° kg/m’ J7 2.6 kI/kg'C » EIEERE 1.7 m’/s >
IR SR HH ) A B S 8.9 % 107°mY/s o Y [ ATl »
NBIH 4.7 x 107 m/s Wi JEmE—fR > F5 R
TG R BN OB B SR - ABUEEN
<1 x 107 m/s & 8.9 x 10° m/s 2[5 - FIERIEG
i 75iE » Tern ZHIFIABITHEEANTE 7.1 x 107
m/s 2 9.3 x 10° m/s 7 (FEEHEE 5.7 x 10°
m/s) ; Vicee ZfF1 A 2 E AL 8.0 x 10° m/s
7 2.6 x 10° m/s Z [ (FEFEEES 1.3 x 10° m/s)e

KRIFFER /K SR BB KIB S - X BiE
TETTEM > B E AR ME BT ETE o W
RGBSR T » AR KEKAE 60 cm >
SCEE TR R AE A R T B B 7K AR RE (T 7) <
KB NEML RS B R R R AR A 3
T - 3R KK HAEE TR - A0 — /KBTI
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= _E: ;
=Y 25 5.

7 SARABRBREAEIS - (AXEBZMIE
& > BIRMRFA - BOBEIE 60 cm »
2010 7F 12 BFh7XKH

Ho AKAKILEHITE T 40 m o> F R RGE A H S S 5
H o AKATKILEMITE T 30 m» PRI B TH I 3] B
JKIER G G EE T8 M A T (R o
HEFRE R - 1999) ©

KugeE I E R AL A Van
Essen MiniDiver &1 » 0] [a] IS HIVE & K /K BE »
J& S MIEG R 0-80°C ~ ¥EREE 0.1°C ~ i#ffTEE 0.01
C ¢ K EREHIEE[E 0-10 m ~ ¥ERERE 1 em ~ AT
0.2 cm » MiniDiver 24 9 cm ~ B I EE
) 5 em ~ EASEE 2.5 cm o ARHFEZ IR B E R
BMAIR T » FEETHE RS - IR e e
o FLUSEHTTE T Z MR EHELZ o W PRTE 2
PRANE BT IR - - (E 7 DUISRIE E ~ LAV
W -

= HGRELET

2011 4 8-10 A 2 B bafs R k& 8 » )k
A% i) 1.2 m ~ FAREHZAG R AR o W] PRI i
B 37°C ~ AR 22°C 0 BR TR RAE ~ i
JEEE BRI HEME < WERT 40 em R
B 30C ~ B KA 23°C -

LI SR NBZARTREA NYIRIZEL - BRI
IRE 2 (p) ~ BRANA R E HLEL(C) ~ BRNEE
HUARE () ~ AKIERE (o) B HLEA(C,) = MR AT A
fff72(Lapham, 1989; Stonestrom and Blasch, 2003) »
KIVEIERS 1 > 10° kg/m’ » FEBAFS 4.2 kI/kgTC

T kAL (cm)

(G

B E(C)

V!
24

20
7125 8/5 15 25 9/5 15 25

20114
8 XEf8 2011 F 8-10 B2 ANEREBREE
1E » (A)TRKIRSH 120 em ~ RIEKIFZAE
AARE : (BREZBE L » TO0 RUKRKRER
fZ» T40 RTYRBE T 40 em FRIBE > TR
FENBREELIERRA

105 AR

RIS SRR RG24 1.9 * 10° kg/m’ » [
B 1.4 kI/kg'C - BUEEREIRS 7.3 x 107 m?s
(2o
FEPNREGES Y eI ARN Ny A (qelIN!
FTH25HE10 A4 H) o RHAB A
Fodo \BIHRAR 119 % 10°m/s 8 H 2 F) ~
B/ANVE 113 x 10°mvs (9 A 11 H) » FHEHIE
2.63 x 10 m/s o S ERELRELE B HEa
— L (HIRARFZEIR A B FRES 10° m/s »
RIS A » LL7 25 FBSRG1 - 2
BRI 10 x 107 m’/s» Bl ABTHEATES 5.3 x 107
m/s : FFEERREUS 6 x 107 m/s » A JBIEK
% 5.0 x 107 mv/s + AHFFE R BB R IS 7.3
107 m%/s » A BFHE 5.25 x 10° m/s (& 9) o
TEATHEEARBONEIBIT » RSP E
o KBRS TER UK o (EE RS
SRBSER K R 25 (] R 2 1] 2 [ BDAT PR T 40 em
T 2 R 7 ) B A8 I R A B B R IE FE
(& 10)  HEFIFEZVERDITBIE ZE B FLIE » BEL
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