) o (4

VPRY oliusls 49 0l U/J‘/{ 'U/

(S35l 9 iag3)

oloj 2% Wilgy 3l (B 999 930 S5
| 5T 38 gilow ylo 38597 3 (619 35 503

(g 03259) (il giuwd (i doxo @

(Ageinn (owgd 3 oBils )0 jaele Lol> Jl> j0) o5 olRasls jLoasls
dig dllous Juslow! o

Sp oK orlids s 5 smes mulin 00SEINS o5 I gl )| sl S ans gl il
LR RNWERVE T

1555 &l g b Jzr Sliiod dnnge Sl

A e o

O3 ol&ils ¢ cwlids 35 5 srmle aslie 0aSiisls (Lol

L pado Loyde o

b5 RS e anbin ousCasls Lozl

WA slesls 503y '@)U VPAS sl fpage il s @JU
CANFYOVOTYD 1 s st 55 uled il

Email: mdastorani@yazduni.ac.ir

RN

Ol ol ol 0 a9 Wamiw 33 )y « M J 55 (50 01w (2150 50 (S0 58 )0 (gL ko (52 37 o0 31 (59 35 003 o
°)Si)-? 30 (Yeedd) Zomorodi 9 (VAAY) 3w — pLS (AAY) glo —p (V4VYY) NRCS ()aF¥) Li yalls (14 F+) T
9k o2 51y a0 03 (gLl 098y dlilain 13 WU 00 g Sldicin ussl 0592 9 (b A3 Lot jaw )3 (3l 32 i loy 3o
) plab i Jolomo 0,LS0 G255 Gha) 3 ol (2o slo (55 031031 b Ly y el 5 oLl b 48,5 & yg00 (Lo 59 2
s v (Sl é)l.oT o s Uil ooliwl b tulgy o ‘5La>.>”iﬁ Cdd .Cd )5 41,8 a Lo 090 (VO g/ litedals
Ol (bl a8 5 1,8 b3yl 0 )50 (o o 3 § (RT) (aand o 56 (RMSE) allas &9 50 4y 5 (APE) (gllao
) Egomo Salow 3loj o 9 (o5 Job Lo sl 03L 0 US4 (oo (3o lado) (S32 Slows 3o 93T 32 50 et 45 ol
50905 alyl (JguB JolB Ly 0 )55 (g — piliS e 9 (60 305 (S Al ((ublo 3 (6 03 4 gacxo by (o) g0 ol
sl 03guz0 IS 53 (6991 31 oy Hloj) (5 lows o) Sy 1 50 coudl ooliiml Lauly ) 51 S g 4T Cannd > 5 (0
$3505 9 Ll (o p— il (gl alayly wi yo sl LS (2295 0 o (coid 9 (525 L Yol sy (Silio 51 oolasunl L
03131y olio 31 ykaS (63531 3 ¢ 5 3590 Laslg y L ZBlg 3 X093 &l (6 3 emmwlin At Laalg y iy ) Csmnd (G390 U

ol &l ouls (g pS

Aol o3l 38 poi o eyl S B2y el o) i guals Wlods




'QMU (S 10 il Gl pgs A9 o ylod

Watershed Management Research (Pajouhesh & Sazandegi) No 99 pp: 42-52

Evaluation of the application of some empirical concentration time equations for estimation of channel flow travel time
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Time of concentration is one of the most important hydrological variables which plays crucial role in designing
the flood control structures, spillways and so on. However, enough investigations have not been taken place about
this important variable. The purpose of the study is to evaluate the application of empirical equations including
Kirpich (1940) California (1944), NRCS (1972),Yen-Chow (1983), Haktanir-Sezen (1990) and Zomorodi (2005) for
estimating shallow concentrated flow travel time in the upper channels of Manshad and Deh-Bala watersheds located
in Yazd province, Iran. Therefore, the estimations made by the equations were compared to measured values provided
by Nacl 75 g/lit solution gulp injection. The estimations made by the equations were evaluated using statistical criterion
including absolute percentage error (APE), root mean square error (RMSE), coefficient of determination (R2), and
correlation coefficient. The results showed that Haktanir-Sezen and Zomorodi revealed acceptable estimations of
accumulated (sum of the travel times estimated for reaches)-as well as partial (travel time measured per reaches)
overland flow travel time. While none of equations presented a reasonable estimation of total travel time (travel time
estimated using mean values of slope and roughness of the whole studied stream length), although the estimations of
Haktanir-Sezen, California and Zomorodi showed higher accuracy than others. Most of the equations underestimated

overland flow travel time in comparison the measured values.

| <Keywords: Travel time, Gulp injection, time of Concentration, Reach, Channel. >
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