
DRAINAGE CRITERIA MANUAL (V. 1) RUNOFF 

2.0 RATIONAL METHOD 

For urban catchments that are not complex and are generally 160 acres or less in size, it is acceptable 

that the design storm runoff be analyzed by the Rational Method.  This method was introduced in 1889 

and is still being used in most engineering offices in the United States.  Even though this method has 

frequently come under academic criticism for its simplicity, no other practical drainage design method has 

evolved to such a level of general acceptance by the practicing engineer.  The Rational Method properly 

understood and applied can produce satisfactory results for urban storm sewer and small on-site 

detention design. 

2.1 Rational Formula 

The Rational Method is based on the Rational Formula: 

CIAQ =  (RO-1) 

in which: 

Q = the maximum rate of runoff (cfs) 

C = a runoff coefficient that is the ratio between the runoff volume from an area and the average 

rate of rainfall depth over a given duration for that area 

I = average intensity of rainfall in inches per hour for a duration equal to the time of concentration, 

tc 

A = area (acres) 

Actually, Q has units of inches per hour per acre (in/hr/ac); however, since this rate of in/hr/ac differs from 

cubic feet per second (cfs) by less than one percent, the more common units of cfs are used.  The time of 

concentration is typically defined as the time required for water to flow from the most remote point of the 

area to the point being investigated.  The time of concentration should be based upon a flow length and 

path that results in a time of concentration for only a portion of the area if that portion of the catchment 

produces a higher rate of runoff. 

The general procedure for Rational Method calculations for a single catchment is as follows: 

1. Delineate the catchment boundary.  Measure its area.

2. Define the flow path from the upper-most portion of the catchment to the design point.  This flow

path should be divided into reaches of similar flow type (e.g., overland flow, shallow swale flow,

gutter flow, etc.).  The length and slope of each reach should be measured.

3. Determine the time of concentration, tc, for the catchment.
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4. Find the rainfall intensity, I, for the design storm using the calculated tc and the rainfall intensity-

duration-frequency curve.  (See excerpts from "Rainfall" Chapter at the end of this document

and NOAA Atlas 14 website https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html)

5. Determine the runoff coefficient, C.

6. Calculate the peak flow rate from the watershed using Equation RO-1.

2.2 Assumptions 

The basic assumptions that are often made when the Rational Method is applied are: 

1. The computed maximum rate of runoff to the design point is a function of the average rainfall rate

during the time of concentration to that point.

2. The depth of rainfall used is one that occurs from the start of the storm to the time of

concentration, and the design rainfall depth during that time period is converted to the average

rainfall intensity for that period.

3. The maximum runoff rate occurs when the entire area is contributing flow.  However, this

assumption has to be modified when a more intensely developed portion of the catchment with a

shorter time of concentration produces a higher rate of maximum runoff than the entire catchment

with a longer time of concentration.

2.3 Limitations 

The Rational Method is an adequate method for approximating the peak rate and total volume of runoff 

from a design rainstorm in a given catchment.  The greatest drawback to the Rational Method is that it 

normally provides only one point on the runoff hydrograph.  When the areas become complex and where 

sub-catchments come together, the Rational Method will tend to overestimate the actual flow, which 

results in oversizing of drainage facilities.  The Rational Method provides no direct information needed to 

route hydrographs through the drainage facilities.  One reason the Rational Method is limited to small 

areas is that good design practice requires the routing of hydrographs for larger catchments to achieve an 

economic design. 

Another disadvantage of the Rational Method is that with typical design procedures one normally 

assumes that all of the design flow is collected at the design point and that there is no water running 

overland to the next design point.  However, this is not the fault of the Rational Method but of the design 

procedure.  The Rational Method must be modified, or another type of analysis must be used, when 

analyzing an existing system that is under-designed or when analyzing the effects of a major storm on a 

system designed for the minor storm. 
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2.4 Time of Concentration 

One of the basic assumptions underlying the Rational Method is that runoff is a function of the average 

rainfall rate during the time required for water to flow from the most remote part of the drainage area 

under consideration to the design point.  However, in practice, the time of concentration can be an 

empirical value that results in reasonable and acceptable peak flow calculations.  The time of 

concentration relationships recommended in this Manual are based in part on the rainfall-runoff data 

collected in the Denver metropolitan area and are designed to work with the runoff coefficients also 

recommended in this Manual.  As a result, these recommendations need to be used with a great deal of 

caution whenever working in areas that may differ significantly from the climate or topography found in 

the Denver region. 

For urban areas, the time of concentration, tc, consists of an initial time or overland flow time, ti, plus the 

travel time, tt, in the storm sewer, paved gutter, roadside drainage ditch, or drainage channel.  For non-

urban areas, the time of concentration consists of an overland flow time, ti, plus the time of travel in a 

defined form, such as a swale, channel, or drainageway.  The travel portion, tt, of the time of 

concentration can be estimated from the hydraulic properties of the storm sewer, gutter, swale, ditch, or 

drainageway.  Initial time, on the other hand, will vary with surface slope, depression storage, surface 

cover, antecedent rainfall, and infiltration capacity of the soil, as well as distance of surface flow.  The 

time of concentration is represented by Equation RO-2 for both urban and non-urban areas: 

tic ttt += (RO-2)

in which: 

tc = time of concentration (minutes) 

ti = initial or overland flow time (minutes) 

tt = travel time in the ditch, channel, gutter, storm sewer, etc. (minutes) 

2.4.1 Initial Flow Time 
The initial or overland flow time, ti, may be calculated using equation RO-3: 

( )
33.0

51.1395.0
S

LC
ti

−
= (RO-3)

in which: 

ti = initial or overland flow time (minutes) 

C5 = runoff coefficient for 5-year frequency (from Table RO-5) 
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L = length of overland flow (500 ft maximum for non-urban land uses, 300 ft maximum for urban 

land uses) 

S = average basin slope (ft/ft) 

Equation RO-3 is adequate for distances up to 500 feet.  Note that, in some urban watersheds, the 

overland flow time may be very small because flows quickly channelize. 

2.4.2 Overland Travel Time 
For catchments with overland and channelized flow, the time of concentration needs to be considered in 

combination with the overland travel time, tt, which is calculated using the hydraulic properties of the 

swale, ditch, or channel.  For preliminary work, the overland travel time, tt, can be estimated with the help 

of Figure RO-1 or the following equation (Guo 1999): 

5.0
wv SCV = (RO-4)

in which: 

V = velocity (ft/sec) 

Cv = conveyance coefficient (from Table RO-2) 

Sw = watercourse slope (ft/ft) 

Table RO-2—Conveyance Coefficient, Cv 

Type of Land Surface Conveyance Coefficient, Cv 
Heavy meadow 2.5 

Tillage/field 5
Short pasture and lawns 7 

Nearly bare ground 10 
Grassed waterway 15 

Paved areas and shallow paved swales 20 

The time of concentration, tc, is then the sum of the initial flow time, ti, and the travel time, tt, as per 

Equation RO-2. 

2.4.3 First Design Point Time of Concentration in Urban Catchments 
Using this procedure, the time of concentration at the first design point (i.e., initial flow time, ti) in an 

urbanized catchment should not exceed the time of concentration calculated using Equation RO-5. 

10
180

+=
Ltc (RO-5)

in which: 

tc = maximum time of concentration at the first design point in an urban watershed (minutes) 
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L = waterway length (ft) 

Equation RO-5 was developed using the rainfall-runoff data collected in the Denver region and, in 

essence, represents regional “calibration” of the Rational Method. 

The first design point is the point where runoff first enters the storm sewer system.  An example of 

definition of first design point is provided in Figure RO-2. 

Normally, Equation RO-5 will result in a lesser time of concentration at the first design point and will 

govern in an urbanized watershed.  For subsequent design points, the time of concentration is calculated 

by accumulating the travel times in downstream drainageway reaches. 

2.4.4 Minimum Time of Concentration 
Should the calculations result in a tc of less than 10 minutes, it is recommended that a minimum value of 

10 minutes be used for non-urban watersheds.  The minimum tc recommended for urbanized areas 

should not be less than 5 minutes and if calculations indicate a lesser value, use 5 minutes instead. 

2.4.5 Common Errors in Calculating Time of Concentration 
A common mistake in urbanized areas is to assume travel velocities that are too slow.  Another common 

error is to not check the runoff peak resulting from only part of the catchment.  Sometimes a lower portion 

of the catchment or a highly impervious area produces a larger peak than that computed for the whole 

catchment.  This error is most often encountered when the catchment is long or the upper portion 

contains grassy parkland and the lower portion is developed urban land. 

2.5 Intensity 

The rainfall intensity, I, is the average rainfall rate in inches per hour for the period of maximum rainfall of 

a given recurrence frequency having a duration equal to the time of concentration. 

After the design storm’s recurrence frequency has been selected, a graph should be made showing 

rainfall intensity versus time.  The precipitation-intesity curve can be found on the NOAA Atlas 14 

website for site specific rain gages. The intensity for a design point may be taken from the graph or 
calculated through the use of Equation RA-3 using the calculated tc and the 1-hour point rainfall depth 

(inches). 

2.6 Watershed Imperviousness 

All parts of a watershed can be considered either pervious or impervious.  The pervious part is that area 

where water can readily infiltrate into the ground.  The impervious part is the area that does not readily 

allow water to infiltrate into the ground, such as areas that are paved or covered with buildings and 

sidewalks or compacted unvegetated soils.  In urban hydrology, the percentage of pervious and 

impervious land is important.  The percentage of impervious area increases when urbanization occurs 
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and the rainfall-runoff relationships change significantly.  The total amount of runoff volume normally 

increases, the time to the runoff peak rate decreases, and the peak runoff rates increase. 

Photograph RO-2—Urbanization (impervious area) increases runoff volumes, peak 
discharges, frequency of runoff, and receiving stream degradation. 

When analyzing a watershed for design purposes, the probable future percent of impervious area must 

be estimated.  A complete tabulation of recommended values of the total percent of imperviousness is 

provided in Table RO-3 and Figures RO-3 through RO-5, the latter developed by the District after the 

evolution of residential growth patterns since 1990. 

2.7 Runoff Coefficient 

The runoff coefficient, C, represents the integrated effects of infiltration, evaporation, retention, and 

interception, all of which affect the volume of runoff.  The determination of C requires judgment and 

understanding on the part of the engineer. 

Based in part on the data collected by the District since 1969, an empirical set of relationships between C 

and the percentage imperviousness for the 2-year and smaller storms was developed and are expressed 

in Equations RO-6 and RO-7 for Type A and C/D Soil groups (Urbonas, Guo and Tucker 1990).  For Type 

B soil group the impervious value is found by taking the arithmetic average of the values found using 

these two equations for Type A and Type C/D soil groups.  For larger storms (i.e., 5-, 10, 25-, 50- and 

100-year) correction factors listed in Table RO-4 are applied to the values calculated using these two

equations.
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Table RO-3—Recommended Percentage Imperviousness Values 

Land Use or  
Surface Characteristics 

Percentage 
Imperviousness 

Business: 
 Commercial areas 95 
 Neighborhood areas 85 
Residential: 
 Single-family * 
 Multi-unit (detached) 60 
 Multi-unit (attached) 75 

Half-acre lot or larger * 
 Apartments 80 
Industrial: 
 Light areas 80 
 Heavy areas 90 
Parks, cemeteries 5 
Playgrounds 10
Schools 50
Railroad yard areas 15 
Undeveloped Areas: 

Historic flow analysis 2 
 Greenbelts, agricultural 2 

Off-site flow analysis 
(when land use not defined) 

45 

Streets: 
 Paved 100 
 Gravel (packed) 40 
Drive and walks 90 
Roofs 90
Lawns, sandy soil 0 
Lawns, clayey soil 0 

* See Figures RO-3 through RO-5 for percentage imperviousness.

( )12.0135.144.131.1 23 −+−+= iiiKC AA  for CA ≥ 0, otherwise CA = 0 (RO-6) 

( )04.0774.0786.0858.0 23 ++−+= iiiKC CDCD (RO-7)

( ) 2CA CDB CC +=
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in which: 

i = % imperviousness/100 expressed as a decimal (see Table RO-3) 

CA = Runoff coefficient for Natural Resources Conservation Service (NRCS) Type A soils 

CB = Runoff coefficient for NRCS Type B soils 

CCD = Runoff coefficient for NRCS Type C and D soils 

KA = Correction factor for Type A soils defined in Table RO-4 

KCD = Correction factor for Type C and D soils defined in Table RO-4 

Table RO-4—Correction Factors KA and KCD for Use with Equations RO-6 and RO-7 

Storm Return Period 
NRCS Soil Type 2-Year 5-Year 10-Year 25-Year 50-Year 100-Year

C and D 0 -0.10i + 0.11 -0.18i + 0.21 -0.28i + 0.33 -0.33i + 0.40 -0.39i + 0.46
A 0 -0.08i + 0.09 -0.14i + 0.17 -0.19i + 0.24 -0.22i + 0.28 -0.25i + 0.32

The values for various catchment imperviousnesses and storm return periods are presented graphically in 

Figures RO-6 through RO-8, and are tabulated in Table RO-5.  These coefficients were developed for the 

Denver region to work in conjunction with the time of concentration recommendations in Section 2.4.  Use 

of these coefficients and this procedure outside of the semi-arid climate found in the Denver region may 

not be valid.  The UD-Rational spreadsheet performs all the needed calculations to find the runoff 

coefficient given the soil type and imperviousness and the reader may want to take advantage of this 

macro-enabled Excel workbook that is available for download from the Weld County website. 

See Examples 7.1 and 7.2 that illustrate the Rational method.  
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Table RO-5— Runoff Coefficients, C 

Percentage 
Imperviousness Type C and D NRCS Hydrologic Soil Groups 

2-yr 5-yr 10-yr 25-yr 50-yr 100-yr
0% 0.04 0.15 0.25 0.37 0.44 0.50 
5% 0.08 0.18 0.28 0.39 0.46 0.52 

10% 0.11 0.21 0.30 0.41 0.47 0.53 
15% 0.14 0.24 0.32 0.43 0.49 0.54 
20% 0.17 0.26 0.34 0.44 0.50 0.55 
25% 0.20 0.28 0.36 0.46 0.51 0.56 
30% 0.22 0.30 0.38 0.47 0.52 0.57 
35% 0.25 0.33 0.40 0.48 0.53 0.57 
40% 0.28 0.35 0.42 0.50 0.54 0.58 
45% 0.31 0.37 0.44 0.51 0.55 0.59 
50% 0.34 0.40 0.46 0.53 0.57 0.60 
55% 0.37 0.43 0.48 0.55 0.58 0.62 
60% 0.41 0.46 0.51 0.57 0.60 0.63 
65% 0.45 0.49 0.54 0.59 0.62 0.65 
70% 0.49 0.53 0.57 0.62 0.65 0.68 
75% 0.54 0.58 0.62 0.66 0.68 0.71 
80% 0.60 0.63 0.66 0.70 0.72 0.74 
85% 0.66 0.68 0.71 0.75 0.77 0.79 
90% 0.73 0.75 0.77 0.80 0.82 0.83 
95% 0.80 0.82 0.84 0.87 0.88 0.89 
100% 0.89 0.90 0.92 0.94 0.95 0.96 

TYPE B NRCS HYDROLOGIC SOILS GROUP 
0% 0.02 0.08 0.15 0.25 0.30 0.35 
5% 0.04 0.10 0.19 0.28 0.33 0.38 

10% 0.06 0.14 0.22 0.31 0.36 0.40 
15% 0.08 0.17 0.25 0.33 0.38 0.42 
20% 0.12 0.20 0.27 0.35 0.40 0.44 
25% 0.15 0.22 0.30 0.37 0.41 0.46 
30% 0.18 0.25 0.32 0.39 0.43 0.47 
35% 0.20 0.27 0.34 0.41 0.44 0.48 
40% 0.23 0.30 0.36 0.42 0.46 0.50 
45% 0.26 0.32 0.38 0.44 0.48 0.51 
50% 0.29 0.35 0.40 0.46 0.49 0.52 
55% 0.33 0.38 0.43 0.48 0.51 0.54 
60% 0.37 0.41 0.46 0.51 0.54 0.56 
65% 0.41 0.45 0.49 0.54 0.57 0.59 
70% 0.45 0.49 0.53 0.58 0.60 0.62 
75% 0.51 0.54 0.58 0.62 0.64 0.66 
80% 0.57 0.59 0.63 0.66 0.68 0.70 
85% 0.63 0.66 0.69 0.72 0.73 0.75 
90% 0.71 0.73 0.75 0.78 0.80 0.81 
95% 0.79 0.81 0.83 0.85 0.87 0.88 
100% 0.89 0.90 0.92 0.94 0.95 0.96 
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TABLE RO-5 (Continued)—Runoff Coefficients, C 

Percentage  
Imperviousness Type A NRCS Hydrologic Soils Group 

2-yr 5-yr 10-yr 25-yr 50-yr 100-yr
0% 0.00 0.00 0.05 0.12 0.16 0.20 
5% 0.00 0.02 0.10 0.16 0.20 0.24 

10% 0.00 0.06 0.14 0.20 0.24 0.28 
15% 0.02 0.10 0.17 0.23 0.27 0.30 
20% 0.06 0.13 0.20 0.26 0.30 0.33 
25% 0.09 0.16 0.23 0.29 0.32 0.35 
30% 0.13 0.19 0.25 0.31 0.34 0.37 
35% 0.16 0.22 0.28 0.33 0.36 0.39 
40% 0.19 0.25 0.30 0.35 0.38 0.41 
45% 0.22 0.27 0.33 0.37 0.40 0.43 
50% 0.25 0.30 0.35 0.40 0.42 0.45 
55% 0.29 0.33 0.38 0.42 0.45 0.47 
60% 0.33 0.37 0.41 0.45 0.47 0.50 
65% 0.37 0.41 0.45 0.49 0.51 0.53 
70% 0.42 0.45 0.49 0.53 0.54 0.56 
75% 0.47 0.50 0.54 0.57 0.59 0.61 
80% 0.54 0.56 0.60 0.63 0.64 0.66 
85% 0.61 0.63 0.66 0.69 0.70 0.72 
90% 0.69 0.71 0.73 0.76 0.77 0.79 
95% 0.78 0.80 0.82 0.84 0.85 0.86 
100% 0.89 0.90 0.92 0.94 0.95 0.96 

RO-12 2007-01 
Urban Drainage and Flood Control District



DRAINAGE CRITERIA MANUAL (V. 1) RUNOFF 

Figure RO-1—Estimate of Average Overland Flow Velocity for Use With the Rational Formula 
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NOTE:
INLETS 1, 2, 3 AND  STORM SEWER X ARE EACH THE
"FIRST DESIGN POINT" AND THE REGIONAL Tc
SHOULD BE CHECKED. STORM SEWER Y IS NOT THE
FIRST DESIGN POINT.

CATCHMENT
A

INLET 1

CATCHMENT
B

CATCHMENT CATCHMENT
C

INLET 2

D

SEWER X
STORM

CATCHMENT CATCHMENT
E

STORM
SEWER Y

F
INLET 3

Figure RO-2—Diagram of First Design Point 

RO-14 2007-01 
 Urban Drainage and Flood Control District 



DRAINAGE CRITERIA MANUAL (V. 1) RUNOFF 

Figure RO-3— Watershed Imperviousness, Single-Family Residential Ranch Style Houses 
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Figure RO-4—Watershed Imperviousness, Single-Family Residential Split-Level Houses 
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Figure RO-5—Watershed Imperviousness, Single-Family Residential Two-Story Houses 

Figure RO-6—Runoff Coefficient, C, vs. Watershed Percentage Imperviousness NRCS Hydrologic 
Soil Group A 
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Figure RO-7—Runoff Coefficient, C, vs. Watershed Percentage Imperviousness NRCS Hydrologic 
Soil Group B 

Figure RO-8—Runoff Coefficient, C, vs. Watershed Percentage Imperviousness NRCS Hydrologic 
Soil Groups C and D 
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4.0 INTENSITY-DURATION CURVES FOR RATIONAL METHOD 

To develop depth-duration curves or intensity-duration curves for the Rational Method of runoff analysis 

take the 1-hour depth(s) obtained from the NOAA Atlas website and multiply by the factors in Table 

RA-4 to determine rainfall depth and rainfall intensity at each duration.  The intensity can then be 

plotted as illustrated in Figure RA-15.  Actual rainfall intensities from the NOAA Atlas website may also 

be used in the calculations.

TABLE RA-4—Factors for Preparation of Intensity-Duration Curves 

Duration (minutes) 5 10 15 30 60 
Rainfall Depth at Duration (inches) 0.29P1 0.45P1 0.57P1 0.79P1 1.0P1

Intensity (inches per hour) 3.48P1 2.70P1 2.28P1 1.58P1 1.0P1

Alternatively, the rainfall intensity for the area within the District can be approximated by the equation: 

( ) 786.0
1

10
5.28

cT
PI

+
= (RA-3) 

in which: 

I = rainfall intensity (inches per hour) 

P1 = 1-hour point rainfall depth (inches) 

Tc = time of concentration (minutes) 
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Figure RA-15—Rainfall Intensity-Duration Curves 
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7.0 EXAMPLES 

7.1 Rational Method Example 1 

Find the 100-year peak flow rate for a 60-acre catchment in an undeveloped grassland area located in 

Section 13, R65W, T1S.  The upper 400 feet of the catchment is sloped at 2%, the lower 1,500 feet is 

grassed waterway that is sloped at 1%.  The area has type C soils. 

From the NOAA Atlas website, the 1-hour point precipitation value is 2.7 inches.  From Table RO-3, in 

the category “Undeveloped Areas, historic flow analysis,” a percent impervious value of 2% (or 0.02) is 

selected. 

Determine C5 from Equation RO-7: 
( ) 04.0)02.0(774.0)02.0(786.0)02.0(858.011.0)02.0(10.0 23

5 ++−++−=C

= 0.16 

Determine ti from Equation RO-3: 

( )
( ) 33.002.0

40016.01.1395.0 −
=it

= 27.0 minutes 

Find tt: 

V
Ltt 60

=

From Table RO-2, for a grassed waterway, CV = 15 

From Equation RO-4: 

( ) 5.001.015=V

= 1.5 ft/sec 

Find tt: 

605.1
500,1
⋅

=tt

= 16.67 minutes 
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From Equation RO-2: 

tc = 27.0 + 16.67 

= 43.67 minutes 

Use 44 minutes 

Determine C100 from Equation RO-7: 

( ) 04.0)02.0(774.0)02.0(786.0)02.0(858.046.0)02.0(39.0 23
100 ++−++−=C

= 0.51 

Determine rainfall intensity, I, from Equation RA-3: 

( ) 786.044107.25.28 +⋅=I

= 3.35 in/hr

Determine Q from Equation RO-1: 

6035.351.0 ⋅⋅=Q  

= 102 cfs 

Alternately, use the runoff spreadsheet to calculate the peak flow rate as shown. 

7.2 Rational Method Example 2 

A watershed is divided into three subbasins in the City of Denver.  The drainage system is designed to 

collect Subbasin 1 at Point A, and Subbasins 2 and 3 at Point B, and then drains into a detention system.  

Determine the 10-year peak discharge at Point B using the watershed parameters summarized in the 

table. 
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Subbasin Drainage Area A (acres) Runoff Coefficient C Time of Concentration Tc (minutes) 
1.00 2.00 0.55 15.00
2.00 5.00 0.65 22.00
3.00 1.50 0.81 12.00

As shown in the figure, there are three flow paths to reach Point B.  Their flow times are: 

1. From Subbasin 2:  T2 = 22 minutes

2. From Subbasin 3:  T3 = 12 minutes

3. From Subbasin 1:  The flow time includes the time of concentration of Subbasin 1, and the flow

time from Point A to Point B through the street.  According to the SCS upland method, the

conveyance parameter for the paved gutter flow is 20.0.  The flow time from Subbasin 1 to Point

B is the sum of the time of concentration of Subbasin 1 and the flow time through the 500-foot

gutter as:

17.19
01.02060

50015 =
⋅⋅

+=iT  minutes 

At Point B, the design rainfall duration Td = max (T1, T2, T3) = 22 minutes. 

The 10-year design rainfall intensity for Denver is: 

( )
01.3

2210
61.15.28

786.0 =
+
⋅

=I  in/hr 

The total effective area at Point B is: 
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565.50.565.00.255.050.181.0 +⋅=eA =⋅+⋅  acres 

The 10-year peak discharge is: 

75.16== eIAQ  cfs 
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