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ABSTRACT

Two types of laboratory experiments were condutbecheasure overland flow times on
surfaces with very low slopes. One was a rainést using a mobile artificial rainfall simulator,
and the other an impulse runoff test. Test plotsew6 feet (1.83 m) wide by 30 feet (9.14 m)
long with slopes ranging from 0.24 to 0.48 perceBituface types tested include bare clay, lawn
(short grass), pasture (tall grass), asphalt anttrete. A regression analysis was used to
construct models for predicting flow times. Préedt results by regressed models were
compared with those by empirical models in theditiere. It was found that the slope variable in
the regressed model from rainfall test data is leflsential than that in existing models.
Furthermore, the exponent for the slope variabll@regressed model from impulse runoff test
data is only one-tenth of those in existing modeldost empirical models underestimated
overland flow time on surface of very low slop€Bhe slope variable becomes insignificant in
governing overland flow time when slope is smalintecedent soil moisture, not included in
most empirical models, significantly affected tirae concentration, which is included in the
regressed models.
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INTRODUCTION

Time of concentration is a primary basin parametkich represents the travel time from the
hydraulically furthermost point in a watershed lte butlet. The accuracy of estimation of peak
discharge is sensitive to the accuracy of the esachtime of concentratiod) Therefore, the
importance of an accurate estimate of the time avfcentration cannot be overlooked. For
empirical models that estimate time of concentrgtmne of the major variables computed is a
nominal value of slope for the watershed. Previdasature @-5) has collected and listed most
of the popular time of concentration formulas, afl which are empirical models and are
compiled in Table 1. These models share the samergl format formed by four variables:

. length of the watershed,

. surface roughness (usually Manning'’s roughnesdiciaft for overland flow)n,
. slope of the watershe8, and

. rainfall intensity,i.

The general formula can be expressed as
t. =kL*n*S%i® (1)

wheret, is the time of concentratioR,is a constant ana, b, y, z are exponents. This equation

exhibits a linear correlation of the logarithmgtod variables involved.

As seen in Table 1, all models include the surfdope variable$S, raised to a negative
power ranging from -0.2 to -0.5, that is, the slepe&able is in the denominator. As such, the
greater the surface slope, the less the time oferdration and vice versa. The problem occurs
when such empirical models are to be used for asitigy time of concentration on very flat
terrains such as coastal plains. If existing emgirmodels are used, as the surface slope
approaches zero, the time of concentration appesaittiinity. Based on engineering judgment
such long times of concentration are not represigataf reality.
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TABLE 1 Summary of Time of Concentration Models®

Publication and Year

Equation for time of concetittra(minutes)

Remarks

Williams (1922) 6)

Kirpich (1940) @)

Hathaway (1945)9),
Kerby (1959) 9)

Izzard (1946) 10)

Johnstone and Cross
(1949) (1)

California Culvert
Practice (1955)1Q)

Henderson and
Wooding (1964) 13)

Morgali and Linsley
(1965) 4), Aron and
Erborge (1973)15)

Federal Aviation
Agency (1970) 16)

U.S. Soill
Conservation Service
(1975, 1986) 17, 18)

t, =60LA**D'S??

L = basin length, mi

A = basin area, i

D = diameter (mi) of a circular basin of area
S= basin slope, %

t, = KL>'S™

L = length of channel/ditch from headwater to outlet

ft

S = average watershed slope, ft/ft

For Tennessee, K =0.0078 and y = -0.385.
For Pennsylvania, K = 0.0013 and y = -0.5.

t, =0.8275(LN)**" S79%

L = overland flow length, ft

S= overland flow path slope, ft/ft

N = flow retardance factor

t, =41.025(0.0007i + c)L>® 570330667
i = rainfall intensity, in/hr

¢ = retardance coefficient

L = length of flow path, ft

S = slope of flow path, ft/ft

t, =300L°°S%°

L = basin length, mi

S = basin slope, ft/mi

t. =60(11.9L3/H)**

L = length of longest watercourse, mi

H = elevation difference between divide and ouftet,

If expressed aJ, = kL>n"S™Yi ™ format:

t = KLO.77 S—0.385
C
K = conversion constant
t, =0.94(Ln)"° 50304
L = length of overland flow, ft
n = Manning’s roughness coefficient
S = overland flow plane slope, ft/ft
i = rainfall intensity, in/hr
t - 0 94L0A6 nOAG S—0.3i -0.38
. =0.
L = length of overland flow, ft
n = Manning roughness coefficient
S= average overland slope, ft/ft
i = rainfall intensity, in/hr
t, =1.8(1.1-C)L>°S%®
C = rational method runoff coefficient

L = length of overland flow, ft
S = surface slope, ft/ft

t. =(1/60)2(L/V)
L = length of flow path, ft

The basin area should be smaller
than 50 mfi (129.5 krd).

Developed for small drainage
basins in Tennessee and
Pennsylvania, with basin areas
from 1 to 112 acres (0.40 to 45.3
hectares).

Drainage basins with areas of less
than 10 acres (4.05 hectares) and
slopes of less than 0.01.

Hydraulically derived formula;
values ofc range from 0.007 for
very smooth pavement to 0.012
for concrete pavement to 0.06 for
dense turf.

Developed for basins with areas
between 25 and 1624 n{64.7
and 4206.1 k).

Essentially the Kirpich®)
formula; developed for small
mountainous basins in California.

Based on kinematic wave theory
for flow on an overland area.

Overland flow equation from
kinematic wave analysis of runoff
from developed areas.

Developed from airfield drainage
data assembled by U.S. Corps of
Engineers.

Developed as a sum of individual
travel times¥V can be calculated

V = average velocity in feet per second for various USing Manning’s equation.

surfaces
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(The exponent o8, if converted from Manning’s
equation, will be -0.5.)
Papadakis and Kazan t = (,66%5n%%?570% 03 Developed from USDA

(1986) @) _ Agricultural Research Service
L _ length of flow pgth, ft dgta of 84 small rural watersheds
n = roughness coefficient from 22 states
S= average slope of flow path, ft/ft ’
i = rainfall intensity, in/hr
Chen and Wong t, =0.595(3.15)03 COF 032K g 0303014k Overland flow on test plots of 1
(1993) (9), Wong m wide by 25 m long. Slopes of
(2005) g0) For water at 2&C 2 and 5%,

C, k = constants (For smooth paved surfaes,3,k
=0.5. Forgras=1,k=0.)

L = length of overland plane, m

S = slope of overland plane, m/m

i = net rainfall intensity, mm/hr

TxDOT (1994) 21) t. =0.702(1.1- C)L°°S 0% Modified from Federal Aviation

C = rational method runoff coefficient Administration (6).

L = length of overland flow, m
S= surface slope, m/m
NRCS (1997)22) t, = 0.0526[(1000/CN)- 9]|_0-88-0-5 For small rural watersheds.

CN = curve number
L = flow length, ft
S = average watershed slope, %
& Base unit conversion: 1 mi = 1.61 km; 1 ft = 0.80d; 1 in = 25.4 mm.
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METHODOLOGY
Rainfall Test

Rainfall test was conducted using a mobile artfigiainfall simulator (Figure 1) where test
surfaces of low slope were prepared. The simulattduded a hydroseeder with a 500-gallon
(1890-liter) water tank and an 18 inch (0.46 mhhigin rack with spray nozzles mounted in a 5-
foot (1.52-m) spacing. This rainfall simulator waasigned to cover the entire test plot. The
hydroseeder pump generated a flow ranging fromayqamately 15 to 41 gpm (0.0009 to 0.0026
m3/s). With this range of flow rates, the precipiiatrates generated by the spray nozzles ranged
from 1.5 to 3.3 in/hr (38.1 to 83.8 mm/hr).

FIGURE 1 Rainfall test using artificial rainfall smulator.

Each test plot measured 6 feet (1.83 m) wide b§e80(9.14 m) long. This size allowed
each rainfall test to run for more than 45 minuteg the maximum capacity 500-gallon (1890-
liter) water tank. A 45-minute rainfall duratioras/used to ensure that each test would reach the
time of concentration. Each rainfall test followtke& procedure outlined below:

. surface soil moisture was measured (except ondherete and asphalt surfaces),
. precipitation rate was determined,
. pump was started to begin test,
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. runoff condition was observed at the lower encheftest plot,

. runoff rate was measured,

. hydroseeder pump was turned off after the runaodikpd for approximately ten minutes,
and

. runoff rate was continually measured until the fficeased.

I mpulse Runoff Test

Impulse runoff test measured runoff travel timehwiit artificial rainfalls. Both pervious and
impervious surfaces were tested. For perviousasarftesting, test plots were maintained
saturated prior to testing. The notion was to mine the effect of antecedent soil moisture and
infiltration, and focus on the effects of surfaggpd, flow rate and slope on travel time.
Meanwhile, time of concentration was measured agithe for water to travel from the farthest
point of the plot to the outlet.

As with the rainfall test, researchers used a hgelrder as the mobile water source. A
large reservoir stored water that was filled byltlgdroseeder. This reservoir, during an impulse
runoff test, was placed on the upstream side otdkeplot and as water was added beyond the
reservoir capacity, water was allowed to overflagvweir (Figure 2). The hydroseeder pump
generated a flow ranging from approximately 15 taypm (0.0009 to 0.0026%s). The size of
each test plot again measured 6 feet (1.83 m) byd20 feet (9.14 m) long, as in the rainfall test.
Each impulse runoff test followed the procedurdioed below:

FIGURE 2 Reservoir used for impulse runoff test.

. prior to each test, pervious test plots, includbege clay and pasture were watered to
create a saturated condition,
. flow rate was determined,
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. pump was started to begin the test,
. travel time was recorded when water overtoppedvitie and
. travel time was continually measured until the wat¢@ched the outlet.

Tested Surfaces and Number of Tests

Five surface types were tested in this study. ddtails of each test type are described below:

. Bare clay (two plots). The texture for the sogteal in this research was 21% sand, 31%
silt and 48% clay. The slope of these two barg plats was 0.43%.
. Lawn (two plots). The lawn was formed using comn®@rmuda grassGynodon

dactylon). A grass height of less than 2 inches (5.1 mag maintained by mowing. The slopes
of these two lawn plots were 0.48% and 0.24%, respey.

. Pasture (two plots). The lawn was also formedgismmmon Bermuda grasSyfodon
dactylon). Grasses of 6 inches (0.15 m) or taller werenta@ed to simulate pasture conditions.
The slopes of these two pasture plots were 0.48%0d&1%, respectively.

. Concrete (one plot). The plot was built on analgort taxiway. The slope of this plot
was 0.35%.
. Asphalt (one plot). An asphaltic cold mix was agglon top of an old airport taxiway to

simulate the asphalt surface. The slope of tlus\was again 0.35%.

The test number for different surfaces is presemtebhble 2. The data and the range of
that specific data category collected in this stadysummarized in the following list:

. Slope: 0.24 — 0.48%

. Rainfall intensity (for rainfall tests): 1.5 to 3r@hr (38.1 to 83.8 mm/hr)

. Runoff flow rate (for impulse runoff tests): 15 £ dpm (0.0009 to 0.0026%s)

. Antecedent soil moisture (on bare clay, lawn arstypa): 8 — 54%

. Infiltration rate: 0.0358 — 0.0598 in/hr (0.91 52 mm/hr)

. Soil texture: 21% sand, 31% silt and 48% clay ffare clay, lawn and pasture plots)
. Raindrop size: 0 — 0.07 inch (0 — 1.8 mm) in diaenet

TABLE 2 Number of Tests
Tested surfaces Rainfall test  Impulse runoff test

Bare clay 11 15

Lawn 13 Not tested
Pasture 12 13
Concrete 10 5

Asphalt 7 16
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RESULTSAND DISCUSSION
Rainfall Test

A typical hydrograph of the rainfall test observuadhis study is shown in Figure 3. A rainfall
test began at time zero when the artificial rairdahulator was turned on. Initially, there was a
no-flow period at the outlet. “Time of beginningias recorded when the first flow was
observed at the outlet. As the flow reached ttatepu and fluctuated within 5% of the flow rate,
the rate was considered as the peak, which detedtime “time to peak.” Because time of
concentration should only involve hydraulic travidne, the initial loss process (initial
abstraction) was not considered as part of timecoficentration. Therefore, time of
concentration in the rainfall test was determinedhee “time to peak less time of beginning of
runoff.”

Time to Pea

Time of Concentration

0 Time
Time of Beginning

FIGURE 3 Typical hydrograph in arainfall test.

The results of rainfall tests are presented in @&bl A linear regression analysis on the
rainfall test data was conducted to construct aehtm predict time of concentration. From a
preliminary analysis, it was found that the antecgdsoil moisture negatively affected the time
of concentration (Figure 4). Therefore, the ardeo¢ soil moisture variablé),, was added to
Equation (1) to create the new model as:

t. =kL*n°0*SYi* (2)

where @ is the antecedent soil moisture in % anid an exponent of . In the new model, the
watershed length is 30 feet (9.14 m) which is the length of tesitpl For the exponent of
lengthL, the mean value, 0.5, of several models compijeBdpadakis and KazaB)(was used.
Similarly, regression analysis was conducted tosttaot models for time of beginning, and
time to peakt,, using the same initial model shown in Equation (1
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TABLE 3 Rainfall Test Results

Time of Time to peak  Antecedent soil Rainfall intensity ~ Slope

beginning (min)  (min) moisture (%) (mm/hr) (%)
Bare clay 1 6 14 41 47 0.43
Bare clay 2 15 27 20 50 0.43
Bare clay 3 6 20 19 54 0.43
Bare clay 4 2 12 53 85 0.43
Bare clay 5 5 15 41 58 0.43
Bare clay 6 22 45 12 43 0.42
Bare clay 7 14 37 17 38 0.42
Bare clay 8 15 37 17 41 0.42
Bare clay 9 10 36 23 41 0.42
Bare clay 10 38 71 9 40 0.42
Bare clay 11 27 61 10 41 0.42
Lawn 1 9 34 41 38 0.48
Lawn 2 14 54 42 38 0.48
Lawn 3 9 34 44 53 0.48
Lawn 4 9 38 55 46 0.48
Lawn 5 9 36 31 78 0.48
Lawn 6 13 32 44 87 0.48
Lawn 7 7 24 56 83 0.48
Lawn 8 11 55 33 54 0.24
Lawn 9 14 47 19 49 0.24
Lawn 10 10 40 28 56 0.24
Lawn 11 18 57 34 47 0.24
Lawn 12 8 34 42 47 0.24
Lawn 13 10 39 37 52 0.24
Pasture 1 18 50 30 49 0.48
Pasture 2 23 63 26 33 0.48
Pasture 3 11 39 28 75 0.48
Pasture 4 16 49 25 51 0.48
Pasture 5 44 91 18 40 0.48
Pasture 6 18 60 24 42 0.48
Pasture 7 49 95 23 54 0.24
Pasture 8 8 46 38 65 0.24
Pasture 9 15 44 34 53 0.24
Pasture 10 16 51 30 41 0.24
Pasture 11 26 61 30 44 0.24
Pasture 12 17 a7 34 39 0.24
Concrete 1 4 12 N.A. 38 0.35
Concrete 2 2 18 N.A. 35 0.35
Concrete 3 2 15 N.A. 32 0.35
Concrete 4 1 16 N.A. 36 0.35
Concrete 5 3 10 N.A. 53 0.35
Concrete 6 2 10 N.A. 56 0.35
Concrete 7 2 14 N.A. 43 0.35
Concrete 8 3 12 N.A. 41 0.35
Concrete 9 3 9 N.A. 44 0.35
Concrete 10 1 11 N.A. 32 0.35
Asphalt 1 1 10 N.A. 38 0.35
Asphalt 2 1 10 N.A. 41 0.35
Asphalt 3 4 14 N.A. 37 0.35
Asphalt 4 1 10 N.A. 45 0.35
Asphalt 5 1 12 N.A. 43 0.35
Asphalt 6 3 10 N.A. a7 0.35
Asphalt 7 2 12 N.A. 49 0.35
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FIGURE 4 Thereationship between antecedent moistur e content and time of
concentration (rainfall tests).

The best-fit models for time of concentratidg),(time of beginningtf) and time to peak
(t) are summarized in Table 4. Signs and valuesxpbments for each variable in all three
models are generally similar to each other. Whanpared with existing models, exponents of
variablesn, # andi are close to those of existing models and theyakr&tatistically significant
(p-value < 0.001). However, exponents of the slopeable,S were found insignificant and
their absolute values are less than thes@.83) from existing models. It appears tBdtas the
least influence on the time of concentration beeahs absolute values of the exponentsSor
are the least among all variables. This couldltdeam the relatively few slopes tested in the
study (0.24%, 0.35%, 0.43% and 0.48%). Or, if sheppe data number is not the cause, the
insignificant effect ofS might indicate that when slope is very small, ¢fffect from variables,
¢ andi become dominant on the time of concentration.

TABLE 4 Regressed M odels (Rainfall Test)
R

N Constant b (for n) x (for 9) y (for9 z (fori)

te 53 0.86 0.553 0.320 -0.277 -0.172 -0.646
(0.115)* (<0.001) (<0.001) (0.192) (<0.001)

tp 53 0.85 0.196 0.326 -0.942 -0.016 -0.415

(0.753) (<0.001) (<0.001) (0.947) (0.119)

t 53 0.92 0.692 0.305 -0.474 -0.139 -0.631
(0.026) (<0.001) (<0.001) (0.228) (<0.001)

* p-value in parenthesis.
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The final regressed model for time of concentratian be expressed as:
t = O 553L0.5n0.320—0.277 S—0.172i —0.646 (3)

This model was compared with some existing modelselkbped from both overland flow data
[Kerby (9), Izzard (0), Henderson and Woodin@3) and Chen and Wond9¥)] and watershed
data [Papadakis and Kaza?) @nd NRCS Z2)]. Values used for variables in each model are
presented in Table 5. The comparison result istgdoin Figure 5. It is apparent that all
compared models underestimate the time of condemirdor tested conditions. Note that
Izzard’s model predict the time reasonably wellhwthhe majority underestimated and minority
overestimated.

TABLE 5 Variable Values Used for Model Comparison (Rainfall Test)

Kerby model Izzard model Chen and Won&apadakis and NRCS
model Kazan / model
Henderson and
Wooding models

N (flow c (retardance C and k n (Manning Curve
retardance coefficient) (constant) roughness n) number
factor)
Bare clay 0.1 0.02 Not provided 0.0425 89
Lawn 0.3 0.046 C=1k=0 0.24 78
Pasture 0.4 0.06 Not provided 0.41 80
Concrete 0.02 0.012 C=3,k=05 0.012 98
Asphalt 0.02 0.007 C=3,k=0.5 0.014 98
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FIGURE 5 Observed vs. predicted time of concentration in therainfall test by seven
models: this study, Papadakis and Karan (2), Kerby (9), |zzard (10), Hender son and
Wooding (13), Chen and Wong (19) and NRCS (22).

I mpulse Runoff Test

The results of impulse runoff tests are presenmetable 6. A linear regression analysis of the
impulse runoff test data was also conducted totoactsa model to predict time of concentration.
In this case, time of concentration is the trauektfrom the farthest side of the test plot to the
outlet. The initial regression model was modifiemin Equation (1) as:

t, =kLn°Q"S’  (4)

wheret, is the time of concentration in minutéss a constant, is the watershed length in feet

[30 feet (9.14 m) in this studyh is Manning’s roughness coefficient for overlanolf| Q is the
flow rate in gpmSis the watershed slope aadb, w, y are exponents. Again, the exponent (
of variableL was set as 0.5, which is the mean value comppd@dpadakis and KazaB) (from
several existing models.
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TABLE 6 Impulse Runoff Test Results

Travel time Flow rate Slope
(min) (m’/sec) (%)
Bare clay 1 1.28 0.0011 0.43
Bare clay 2 1.17 0.0018 0.43
Bare clay 3 0.70 0.0023 0.43
Bare clay 4 1.02 0.0013 0.43
Bare clay 5 1.31 0.0017 0.43
Bare clay 6 1.20 0.0016 0.43
Bare clay 7 0.73 0.0026 0.43
Bare clay 8 1.80 0.0019 0.42
Bare clay 9 1.72 0.0015 0.42
Bare clay 10 2.27 0.0012 0.42
Bare clay 11 1.72 0.0018 0.42
Bare clay 12 2.25 0.0020 0.42
Bare clay 13 2.23 0.0017 0.42
Bare clay 14 242 0.0015 0.42
Bare clay 15 2.67 0.0011 0.42
Pasture 1 5.60 0.0013 0.24
Pasture 2 4.88 0.0013 0.24
Pasture 3 5.00 0.0013 0.24
Pasture 4 4.07 0.0013 0.24
Pasture 5 5.50 0.0013 0.24
Pasture 6 6.92 0.0016 0.24
Pasture 7 5.53 0.0014 0.24
Pasture 8 7.00 0.0015 0.48
Pasture 9 6.28 0.0009 0.48
Pasture 10 5.53 0.0015 0.48
Pasture 11 4.33 0.0013 0.48
Pasture 12 4.07 0.0019 0.48
Pasture 13 5.83 0.0019 0.48
Concrete 1 1.32 0.0015 0.35
Concrete 2 1.28 0.0015 0.35
Concrete 3 1.33 0.0013 0.35
Concrete 4 1.35 0.0010 0.35
Concrete 5 1.23 0.0009 0.35
Asphalt 1 1.02 0.0011 0.35
Asphalt 2 1.10 0.0012 0.35
Asphalt 3 1.12 0.0007 0.35
Asphalt 4 1.33 0.0012 0.35
Asphalt 5 1.02 0.0017 0.35
Asphalt 6 1.30 0.0011 0.35
Asphalt 7 1.02 0.0026 0.35
Asphalt 8 1.42 0.0012 0.35
Asphalt 9 1.22 0.0008 0.35
Asphalt 10 1.08 0.0009 0.35
Asphalt 11 1.07 0.0015 0.35
Asphalt 12 1.07 0.0015 0.35
Asphalt 13 1.15 0.0016 0.35
Asphalt 14 1.18 0.0020 0.35
Asphalt 15 1.23 0.0023 0.35
Asphalt 16 1.63 0.0012 0.35
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The final model is presented in Table 7. It carobserved that exponentsroéndQ are
statistically significant whereas the exponenSd insignificant, similar to the rainfall test téts
Furthermore, the exponent for the slope variabll@regressed model from impulse runoff test
data is only one-tenth of those in existing modelé&gain, the slope variable becomes
insignificant in governing overland flow time whslope is small.

The observed times of concentration were alsogaadiainst those predicted by the new
and existing models in Figure 6. Values used &orables in each model are presented in Table
8. It can be observed that Kirpich8) (@and NRCS’ 22) underestimate the observed times of
concentration while TxDOT’'s21) overestimates them. Note that the left lowesi®duof data in
Figure 6 indicates the test results on smooth sesfdbare clay, asphalt and concrete) while the
higher clusters indicate the results on pasturaseB on the comparison result, existing models
cannot correctly predict time of concentration la $urfaces.

TABLE 7 Regressed Model (Impulse Runoff Test)
N R Constant b (for n) w(forQ)  y(for9
te 49 0.86 0.779 0.453 -0.537 -0.037
(0.185)  (<0.001) (<0.001) (0.848)

* p-value in parenthesis

TABLE 8 Variable Values Used for Model Comparison (I mpulse Runoff Test)

Kirpich model  TxDOT model NRCS model
K C (runoff coefficient) Curve number
Bare clay 0.0078 0.2 89
Pasture 0.0078 0.15 80
Concrete 0.0078 0.925 98
Asphalt 0.0078 0.875 98
8
Ay (o) o B X X
=6l A o [ X
£ y V3 8 o = (] % X
© A e u X
=4 W 8 X x
% B This study
g , t g A Kirpich
@x i X |XTxDOT
¥  |onRrcs
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 2 4 6 8 10 12 14 16

Predicted Tc (min)

FIGURE 6 Observed vs. predicted time of concentration in theimpulse runoff test by four
models: this study, Kirpich (7), TxDOT (21) and NRCS (22).
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Limitations

The limitations associated with the laboratory ekpent are summarized as follows:

. Data were only collected from laboratory experingerftield studies are needed to verify
the laboratory results.

. Only a few flat slopes were tested.

. The antecedent soil moisture has a significantceffen the time of concentration

However, changes of soil moisture during tests wetenonitored.

CONCLUSIONS

Existing empirical models of estimating time of centration were mostly developed from data
of common watersheds. The ability of these mottefgredict time of concentration on very flat
terrains has not been fully analyzed. This studgdua controlled laboratory environment to
measure times of concentration on test plots afed {1.83 m) wide by 30 feet (9.14 m) long
with slopes of less than 0.5%. Atrtificial rainfadists and impulse runoff tests were conducted.
The results indicate that the slope variable besomsignificant in governing overland flow
time when slope is small. In addition, antecedsmilt moisture negatively affected the time of
concentration and was as influential as surfacghoess, rainfall intensity and flow rate to the
time of concentration of flat terrains. This findi suggests that soil moisture should be
considered in design and a moderate value be cliosask balancing.

The findings of this study indicate that a direntifor future work would be through
field-scale instrumentation and observation of anber of watersheds with low slopes. The
rationale for performing the laboratory study whe tack of appropriate data as well as the
desire to develop a relationship between time ofceatration and the explanatory variables
without having to collect several years of data. light of the realization that antecedent soil
moisture can have an impact on time of concentraBome representative soil moisture content
data would also be useful.
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