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Module 3 Content 

• 3a. Introduction 

• 3b. Urban hydrology for small watersheds (TR-55) 
– Estimating runoff 

– Time of concentration and travel time 

– Peak discharge 

– Storage volume for detention basins 

– Synthetic rainfall distributions and rainfall data sources 

• 3c. Rational Method and Modified Rational 
 Method 

• 3d. Hydraulic Control Design 

PG 1 



3a. Introduction 

PG 2 

• Part II B 

– Design storms: 1-, 2- and 10-year 24-hour 

– Rainfall frequency data: NOAA Atlas 14 

– NRCS synthetic 24-hour rainfall distribution 
and models 
• TR-55 and TR-20 

• Army Corps hydrologic and hydraulic methods or 
other standard methods 

– Drainage areas ≤ 200 acres: Rational or 
Modified Rational Method 

 



3a. Introduction 

• Part II C 

– Impacts measured at each point of discharge 
and include runoff from balance of watershed 

– Design storms: 24-hour (NRCS rainfall 
distribution) or storm of critical duration 

– Subdivisions: Apply SWM criteria to whole LDA 

– Hydrologic parameters: Reflect ultimate land 

disturbance 

PG 2-3 



3a. Introduction 

• Part II C (continued) 

– Pervious lands:  

 Assumed to be (prior to development): 
o in good condition  

o with good cover or  
o with conservation treatment 

PG 2-3 



3b: Urban Hydrology for Small 
Watersheds (TR-55) 

PG 4 

NRCS publication Technical 
Release Number 55 (TR-55): 
Urban Hydrology for Small 
Watersheds, 2nd edition 

(June 1986) 

See Resources Section for 
link to TR-55 manual 

Review! 



3b: Urban Hydrology for Small 
Watersheds (TR-55) 

PG 4 

• TR-55 used for estimating peak 

discharges from urban watersheds 

1. Graphical method 

2. Tabular method 

 



3b1. Estimating Runoff  

• Curve Number (CN) determination 

CN indicates  

runoff potential of an area  

PG 7 



3b1. Estimating Runoff 

• Information needed: 

– Hydrologic soil group 

– Hydrologic condition 

• Cover type 

• Treatment 

– Antecedent runoff condition 

– Connected vs. unconnected 

PG 7 



Group A: 

Low runoff 
potential 

Group B: 
Moderately 
low runoff 
potential 

Group C: 
Moderately 
high runoff 
potential 

Group D: 
High runoff 
potential 

3b1. Estimating Runoff  

• Hydrologic Soil Groups 

PG 7-8 



3b1. Estimating Runoff  

• Hydrologic conditions 
– Effects of cover type and treatment 

on infiltration and runoff 
 

 

 

 

PG 9 



3b1. Estimating Runoff  

• Hydrologic conditions (continued) 

– Treatment = Management of cultivated 
agricultural lands 

– Existing or undeveloped land 
considered to be in good condition 

• Results in lower existing peak runoff rates 

PG 9 



Table 3-2 Runoff Curve Numbers for Urban Areas PG 12 



Table 3-3 Runoff Curve Numbers for  

Other Agricultural Lands 
PG 13 



3b1. Estimating Runoff  

• Antecedent runoff condition 

• Index of runoff potential before a 
storm event 

PG 10 



3b1. Estimating Runoff  

• Connected vs. unconnected 

– Consider: 

• % impervious area and  

• conveyance to drainage system 

PG 14 



3b1. Estimating Runoff  

PG 14 

Connected impervious area: 

• Runoff flows directly to drainage system; or 

• Runoff is concentrated shallow flow over pervious area 

 and then into drainage system 

Unconnected impervious area: 

• Runoff from impervious area is spread over pervious 

 area as sheet flow before discharging to drainage 

 system 



3b1. Estimating Runoff  

• Connected vs. unconnected 
– CN values developed assuming: 

• Pervious urban areas ~ pasture (good) 

• Impervious areas directly connected 
have CN of 98 

PG 14 



3b1. Estimating Runoff  

• Connected vs. unconnected 

– Total impervious area < 30% and 

Impervious area not directly connected 

designer can use Figure 2-4 of TR-55 

to determine CN (Fig. 3-4 in PG) 

– Total impervious area ≥ 30% 

designer can use Figure 2-3 from TR-

55 to adjust CN (Fig. 3-3 in PG) 

PG 14 



PG 17 
Figure 3-3 Composite CN with  Connected 

Impervious Area or IA ≥ 30% of Drainage area 



PG 17 Figure 3-4 Composite CN with  Unconnected 

Impervious Area and Total IA < 30% 



3b1. Estimating Runoff  

• Runoff equation 

– Used to express how much runoff 
volume generated by certain volume of 
rainfall 

– Attempts to quantify losses before 
runoff begins 

– Runoff computed is fraction of rainfall 

PG 18 



3b1. Estimating Runoff  

 
  SIP

IP
Q

a

a






2

Q = Runoff (in) 
P = Rainfall (in) 
S = Potential maximum retention after runoff begins (in) 
 
 
 CN = Curve number 
Ia =  Initial abstraction (in) = 0.2 x S 

10
1000











CN
S

PG 18 



PG 27 Table 3-5 Ia Values for Runoff Curve Numbers 



Runoff Equation Example 3-1 

PG 19 

Given a watershed with a CN of 80, what 
would be the direct runoff (Q) from a 

rainfall (P) of 4.0 inches? 
 

P  = rainfall (in) 

CN = runoff curve number 

S = potential maximum retention after 

 runoff begins (in) 



Runoff Equation Example 3-1 

PG 19 

P  = rainfall (in) 
CN = runoff curve number 

S = potential maximum retention after runoff begins (in) 
 
 

 
Ia= initial abstraction (in) = 0.2 x S = 0.2 x 2.5 = 0.5 
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Runoff Equation Example 3-1 

Step 3: 

Q = 2.0 

Step 1: P = 4.0 

Step 2: 

CN = 80 

PG 19 



Step 1:  

P = 4.0 

Step 2:  

CN = 80 

Step 3:  

Q = 2.04 

Runoff Equation Example 3-1 
PG 20 



3b2: Time of Concentration, Travel Time 

PG 21 

Travel time (Tt): 

Time it takes  water to travel from one location 
to another in a watershed 

Time of concentration (Tc): 

Time required for water to travel from most 
hydraulically distant point in watershed to 

point of analysis 

Tc =  (overland flow + shallow 
concentrated flow + channel flow) 

Sum of time increments for each flow segment 



3b2: Time of Concentration, Travel Time 

PG 21-22 

Flow segments 
Overland (Sheet) 

Flow  
Manning's 
kinematic 

solution 

Shallow flow 
Upper reaches 

of hydraulic 
flow path 

Shallow 
Concentrated 

Flow  
Graphical solution 

Overland flow 
converges to 
form defined 

flow 

Flow Paths w/o 
defined 
channel 

Channel Flow 
Manning’s 
Equation 

Flow converges in 
natural or 
manmade 

conveyances 

Well defined 
drainageway 



PG 23 



3b3: Peak Discharge 

TR-55 presents two methods for 
estimating peak discharge: 

• Graphical Method 

• Provides peak discharge and 
runoff volume 

• Tabular Method 

• Provides peak discharge, runoff 
volume, and a  runoff hydrograph 

PG 24 



3b4: Storage Volume for  
Detention Basins 

• Ways to control peak discharges 

• Simplified procedure for estimating 
required storage volume (Vs) 

• Suitable for estimating required 
storage for preliminary design 

• Not suitable for final design 

PG 33 



3b4: Storage Volume for  
Detention Basins 

• Information needed to estimate 
storage volume (Vs) : 

– Peak outflow discharge (qo) 

– Peak inflow discharge (qi) 

– Runoff volume (Vr) 

 

PG 34 



3b4: Storage Volume for  
Detention Basins 

• Design procedure to estimate Vs 
storage volume required 
1. Determine qo 

2. Estimate qi (chapters 4 or 5 of TR-55) 

PG 34 



3b4: Storage Volume for  
Detention Basins 

• Design procedure to estimate Vs 
storage volume required (cont.) 

3. Compute qo/qi and determine value 
for Vs/Vr from Figure 3-9 (pg 37) 

PG 34-35 



PG 37 
Figure 3-9 Approximate Detention Basin Routing 



3b4: Storage Volume for  
Detention Basins 

• Design procedure to estimate Vs 
storage volume required (cont.) 

4. Q (in inches) was determined when 
computing qi in step 2 

– Now convert to units in which Vs is to 
be expressed 

PG 35 



3b4: Storage Volume for  
Detention Basins 

• Design procedure to estimate Vs 
storage volume required (cont.) 

5. Use results of steps 3 and 4 to compute Vs 

 

 

Vr = runoff volume (acre-ft) 

Vs = storage volume required (acre-ft) 

(Vs/Vr) from figure 3-9 

 

PG 35 
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Worksheet 6a 
from TR-55 is 

useful for 

documenting 

inputs and 

results 
 



Example:  Estimate Storage Volume 

Given:  

• 3-acre site in Richmond, Virginia (Type II) 

• Developed discharge rate into the basin 
= 10 cfs = qi 

• Allowable discharge rate = 2 cfs = qo 

• Developed runoff volume = 1.33 inches 

PG 34-36 



Example: Estimate Storage Volume 



PG 37 



3c: Rational Method 

•

PG 41 



3c: Rational Method 

• Runoff Coefficient, C 

– Fraction of runoff associated with specific land 
cover 

– Recommended coefficients (Table 3-7, p.46) 

• Rainfall Intensity, I 

– Average rate (in/hr) for storm duration equal to 
time of concentration 

– Given return period and Tc for drainage area, use 
Intensity-Duration-Frequency (I-D-F) curve 

 

PG 41 



3c: Rational Method 

PG 46 

Table 3-7 Rational Equation Runoff Coefficients 
1999 SWM Handbook (page 4-20) 



I-D-F Curve for Richmond 

VSWMH -
1999 edition, 
Chapter 4, 
Appendix 4D 



3c: Modified Rational Method 

Variation of the 
rational 

method for 
sizing detention 

facilities 

Iterative  - 
Determine the 

rainfall duration 
that produces 
the maximum 

storage volume 

Analyze different 
durations to 

determine which 
requires greatest 
storage volume 
(critical storm 

duration) 

PG 47 



3c: Modified Rational Method 

PG 49 

Figure 3-13: Modified Rational Method Runoff Hydrographs 

1999 SWM Handbook (page  4-27) 



Design of hydraulic control structures 

•Stormwater management facilities 

•BMPs 

Discharge rating cures 

•Describe outflow discharge 
associated with elevation of 
upstream water 

Hydraulic structures difficult to model: 1999 VSMHB Ch.5 

PG 50 



3d: Hydraulic Control Design 

PG 50 



3d: Hydraulic Control Design 

PG 51 

Table 3-9: Dimensionless Weir Coefficients 

1999 SWM Handbook 



3d: Hydraulic Control Design 

PG 52 



Questions? 


