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REVISING THE NRCS SHEET FLOW TRAVEL TIME EQUATION FOR 
FLATLANDS 
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ABSTRACT: In relatively flat and pervious drainage areas of the coastal plains in New Jersey, field observations show less 
surface runoff potential compared to the values predicted by the NRCS procedure commonly used in design. To allow more 
realistic peak flow estimations various components of the NRCS method, including time of concentration, need to be re-
examined. For flat natural drainage areas, the standard NRCS segmental method may underestimate the travel time duration. 
This could lead to an overestimation of pre-development design runoff peak flows which would allow post-development 
runoff release rates to be under-regulated. The NRCS segmental method estimates the travel time through three segments: 1-
sheet flow, 2-shallow concentrated flow, and 3-channel flow. Sheet flow travel time is likely to be the dominant component 
of the time of concentration for small watersheds. At the same time sheet flow estimation procedure is the most subjective 
and theoretically questionable of the three. In this study a new equation was developed to revise the NRCS equation to better 
predict the sheet flow travel time for pervious relatively flat surfaces receiving the New Jersey design precipitation events 
(NRCS Type III storm distribution). The equation may also be derived for any other rainfall distribution. Sample calculations 
showed that for relatively flat surfaces, the new equation leads to longer travel times and lower peak flow rates than the 
standard NRCS equation. The new equation was theoretically verified by combining Manning’s equation for wide-shallow 
surface flow with the solution method employed in the Stanford Watershed Model. 
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INTRODUCTION 
 
 Field observations clearly show less surface runoff potential for relatively flat watersheds in southern New Jersey 
compared to the values predicted by NRCS methods commonly used in design. Therefore, various state agencies initiated 
studies to critically look at various components of the NRCS method to see if any revisions of the related equations or 
application procedures would make a more realistic runoff prediction possible for that area. The components that need to be 
re-examined include: 
1. Estimation of watershed time of concentration, 
2. Application of Curve Number and the initial abstraction, 
3. Dimensionless Unit Hydrograph shape and Peak Rate Factor. 
 In all likelihood, all of the above components may have to be studied and possibly revised in order to provide a 
satisfactory procedure for surface runoff calculation for relatively flat and very pervious drainage areas. The third factor 
(Dimensionless Unit Hydrograph shape and Peak Rate Factor) is subject of another study by the author and already definitive 
conclusions and recommendations have been reached for two watersheds in New Jersey.  
 This study was conducted to look at the component of travel time or time of concentration. The concern regarding time 
of concentration was that, under the conditions of flat natural drainage areas, the standard methods may underestimate the 
travel time values. This could lead to an overestimation of pre-development design runoff peak flows. Runoff design 
hydrographs are commonly needed for small drainage areas under pre-development and post-development conditions. For 
such cases, the standard approach is to use the NRCS segmental method which estimates the travel time through three 
segments: 1- sheet flow, 2- shallow concentrated flow, and 3- channel flow. Sheet flow travel time is likely to be the 
dominant component of the time of concentration for small watersheds. At the same time, sheet flow estimation procedure is 
the most subjective and theoretically questionable of the three. Therefore, this study focused on sheet flow travel times and 
ways to improve its estimation. 
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DERIVATION OF A REVISED EQUATION FOR SHEET FLOW TRAVEL TIME 
 
 The NRCS procedure for estimating the time of concentration in a watershed (the segmental method) is presented in 
NRCS’s Hydrological technical Note No. N4, Welle and Woodward (1986). In this publication, overland flow is described 
by the kinematic wave equation: 
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 In this equation: 
 Tt = Travel time (min), 
 n = Friction slope (Manning’s n for shallow flow depths), 
 L= Flow length (ft), 

i = Average rainfall excess (portion of rainfall that turns into runoff) intensity for a storm duration equal to time of 
concentration, (in/hr), 

 s = Slope (ft/ft). 
 
 The definition of “i” as given in identification of parameters in Equation 1 in Welle and Woodward (1986) is “average 
rainfall excess intensity for a storm duration= Tc”. However, immediately under that section Welle and Woodward (1986) 
states: “constant rainfall excess intensity; and duration of rainfall equals Tt”. This second definition actually replaces time of 
concentration (Tc) with travel time (Tt). This means that the duration of the rainfall excess to be considered is less than the 
overall time of concentration of the watershed. Consequently, the segmental approach implies that the hydraulically most 
distant sheet flow plane to the watershed outlet acts as a sub-basin with its own time of concentration equal to the shortest 
sheet flow travel time which in turn depends on the most intense average excess rainfall with duration equal to that travel 
time. The use of the Equation 1 requires an estimate of the rainfall excess intensity. Because the intensity depends on the 
unknown travel time, a trial and error calculation would be needed. It is possible to use a rainfall duration-intensity curve or 
equation in conjunction with equation 1 and undertake a trial and error solution. Note that even in that case, one would have 
to use the rainfall intensity for “i” rather than the excess rainfall intensity as theoretically required by the equation. This 
assumption is only acceptable for rain falling on impervious surfaces. 
 To avoid calculation complexities in equation 1, NRCS offered the following simplifies equation which is applicable to 
both NRCS rainfall types II and III: 
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 where P24 is the 2-year, 24-hr rainfall depth. 
 
 Equation 2 is the official NRCS equation used in the segmental method and employed in TR-55 calculation procedures. 
This equation is fairly simple to use but it has several theoretical shortcomings. It assumes rainfall intensity to be the same as 
the rainfall excess intensity, which is generally not a reasonable assumption. It also replaces intensity with a rainfall depth of 
a given duration and frequency. Consequently, the NRCS equation does not directly reflect the physics of the sheet flow. 
The kinematic wave equation (Equation 1) would be more appropriate than the use of the NRCS equation (Equation 2) for 
sheet flow travel time estimation. However, the use of Equation 1 is limited due to the lack of information about excess 
rainfall intensity and the iterative solution method required. A solution method is proposed here to avoid these complexities 
in application of the kinematic wave equation. This approach is based on two major points: 

1. Treat the parameter “i” as intensity of excess rainfall and not just intensity of rainfall. 
2. Relate the rainfall intensity of duration Tt (travel time) to travel time in a mathematical equation. 
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 The details of the derivation of the new equation are not presented here for brevity. However, the following summarizes 
the basic steps taken in development of the equation. First the two “i” and Tt parameters were related to each other by: 
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here a and b are best fit parameters. Expressing Tt in hours from Equation 1 and replacing for “i” from Equation 3 
yields: 
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 Equation 4 expresses travel time only as a function of the three parameters “n”, “L”, and “s” and can be explicitly solved 
as long as the fit parameters “a” and “b” are known.  The following equation provides the best fit to the average values 
calculated for the 24-hour NRCS Type III distribution (commonly used in New Jersey) when a combination of rainfall depths 
and Curve Numbers would produce a runoff depth of unity. 
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 If the exponent of Tt is forced to “-0.5” it would help simplify the format of the final equation with very little loss of 
accuracy. The resulting equation is: 
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 In this equation “i” is in in/hr and Tt is in hours. Equation 6 sets a= 0.368 and b= -0.5 which when inserted in equation 4 
yields: 
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 Equation 7 expresses sheet flow travel time in hours and can be solved explicitly with no need for an iterative solution. 
This equation applies to Type III distribution with 3.5”< P < 7.5” and Tt> 0.2 hour. For travel times smaller than 0.2 hours 
the equation loses its accuracy. However, typically for unpaved areas, especially for conditions of relatively flat watersheds 
in Southern New Jersey, travel times are larger than 0.2 hours and the above equation would apply. 
 McCuen and Okunola (2002) studied the sheet flow travel time equation. According to these authors Equation 1 was 
derived assuming that the depth of flow on the plane equals the depth at the downstream section and also assuming that flow 
does not enter from an upstream section, i.e., a zero-flow boundary condition. If a flow depth of zero is assumed at the upper 
boundary of the section, mathematical integration of the depth of flow as the runoff moves down the section yields a 
coefficient that is 40% larger than the coefficient in Equation 2. If this modification is applied to Equation 7, the final form of 
the equation for sheet flow travel time becomes: 
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 Sample calculations showed that the travel time durations produced by the above equation are generally larger than the 
values produced by the NRCS equation. For the range of “n”, “L” and “s” values expected under field conditions the ratio of 
the travel time by the new equation to that given by the NRCS equation varies from approximately 2.7 to 3.3. For example if 
nL/√s = 100, the ratio is approximately 3.0. 
 Not having access to field data to verify the new equation, a theoretical verification was sought by using the alternative 
analysis of sheet flow obtained from the approach outlined in theoretical development of Stanford Watershed Model-IV as 
described in Viessman et. al. (1989). Theoretical work showed that this approach when combined with the expression of 
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maximum surface runoff depth from Manning’s Equation written for shallow-wide overland flow conditions and Equation 6 
virtually leads to the same expression as in Equation 8. Therefore, the new equation for sheet flow time of concentration, 
Equation 8, is theoretically verified by combining Manning’s equation for wide-shallow flow with the solution method 
employed in Stanford Watershed Model. 
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