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Department of Civil & Environmental Engineering 

CVEG 4303 P01 Water Resources Engineering  Spring 2022 
 

Dr. Nzewi         Revised: 04/19/2022 
Rational Method Application: Stormwater Sewer Design Peak Flows in a Small Watershed 

 

Project details posted in Canvas 
This project involves the determination of the peak runoff flowrates for stormwater sewer design in a small catchment.  
Students will be required to work in groups. Students may consult the Instructor for help and for project clarification. 

 

PROJECT Overview 
 CVEG 4303 student groups are charged with the design of a drainage system for a watershed at the Harris County, TX 

location shown in the accompanying map. The scale of the map (with 2-foot contour lines) is noted (see map).  Land use 
practices have been identified – see the accompanying land use practices table.  

 

The primary task is to generate engineering information necessary for determining the size the sewers. This information 
should be presented in a tabular format.  The Rational Method will be implemented in the determination of peak runoff 
flowrates at drainage inlets (manholes).  The system to be designed should adequate for a 5-, 10- or 25-year rainfall event.  
The actual return period of the design storm event will be specified for each student group. The pertinent Intensity-Duration-
Frequency (IDF) curve data/graphs have been supplied in the Appendix. 

 

 
Group  

 
Location 

Watershed  
Sub-areas 

Design 
Return Period 

[Years] 

 
Minimum tc 
[minutes] 

 
 

Slope [] 

Channel flow 
Velocity 
[ft/s] 

 Harris County 
Region I A (left of ditch) & C 

 
25 

 
20.0 

Based on ground 
elevation. Circular pipe 3.0 

 Harris County  
Region II B (right of ditch+A024) & C 

 
10 

 
17.0 

Based on ground 
elevation. Circular pipe 

4.0 

 Harris County  
Region III 

A (left of ditch) & C 5 10.0 
Based on ground 
elevation. Circular pipe 

3.5 

 Harris County  
Region II B (right of ditch+A024) & C 25  

14.0 
Based on ground 
elevation. Circular pipe 

3.0 

 Harris County  
Region I 

A (left of ditch) & C 5 
 

18.0 
Based on ground 
elevation. Circular pipe 

4.0 

 Harris County  
Region III B (right of ditch+A024) & C 10 11.0 

Based on ground 
elevation. Circular pipe 

2.0 
 

Requirements 
1 Determine the areas [acres] using two clearly defined methods.  Provide, in tabular format, a comparison of your results.  The 2 

alternative area determination methods are necessary for ensuring the accuracy (consistency) of area calculations. The Triangular 
Method must be one of the methods used. 

2 Determine an appropriate (hydraulic) length [ft] for each sub-watershed. This is the length for the calculation of time of overland flow 
travel (used for tc determination). Tabulate the results. 

3 Calculate the average slope of each sub-watershed.  Assume that the length [ft] used in design calculations is a straight line from the 
farthest point in the catchment to the outlet in each sub-watershed. Tabulate the results. 

4 Calculate the time for overland flow travel using the Kirpich formula.  Perform the checks to show your values are reasonable.  Use 
Figure 16.7 (textbook-Gupta) to determine a ballpark estimate. Tabulate and compare the results. 

5 Determine the runoff coefficients for each sub-watershed (based on land use for each sub-area). Tabulate the results. 
6 For the design storm return period (based on Group assignment): 

a) Calculate the peak discharge from each sub-watershed. 
b) Calculate the peak flow that will be used to size each segment of the storm sewer line – identify the sewer segments and 

manholes (drainage inlets) by numbering them appropriately on the map 
c) Present a schematic of the storm sewer layout on your area. Provide a separate, properly annotated, map. 
d) Provide a table with the required details for the sewer system design. 

Each group will submit a bound Report (with Maps) and each member will submit 
2 PowerPoint slides describing the project component in which they were lead. 
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Additional Project Instructions 
 

Student Designations: Student1 – Group leader [submits Report for Group]  
Task 
No. 

Description of  
Requirement 

Lead** 
Student 

1 Determine an appropriate length [ft] for each sub-watershed.  Please state any assumptions you 
have made in determining this value Indicate the path designated for this watershed linear 
measure on the map (drawing) you were provided by the instructor. 

Student1  

2 Calculate the average slope [ ] of each sub-watershed.  Assume that the length to be used is the 
straight line distance to the farthest point in the catchment (from the outlet in each sub-catchment. 
This distance (length [ft]) was determined in #1. 
Slope = [maximum elevation – minimum elevation]/[sub-watershed length]. 

Student2 

3 Calculate the time of concentration using the Kirpich formula for overland flow segment of 
travel time.   

Student2 

4 Determine the Runoff Coefficient (C) for each sub-watershed (The value of C depends on the 
land use determined for each sub-watershed section.)  Consult appropriate references to obtain 
appropriate values of C and specify your references. See the Appendix for tables of C values. 

Student3 

5 For each sub-catchment, calculate the peak runoff rate [cfs] using the Rational Method Student3 
6 Compute the peak flowrate that would be used in the design of each segment of the storm sewer 

system as runoff is channeled (routed) toward the outlet of the system. 
Student1 

7 For the peak flow in 6, design a lined trapezoidal concrete channel for the purple segment 
(see map) using the discharge at the outlet of sub-watershed C061 and the slope of the storm 
sewer segment along sub-watershed C061. 

Student1 

8 Provide a sketch of your storm drainage system including the location of the open channel. Student1 
**Lead Student = Student having PRIMARY responsibility for completing 

Task [for project grade determination] 
 

Land use practices 
 

A Sub-watersheds are West of Hammond Ditch    B sub-watersheds are East of Hammond Ditch 
 

Sub-Watershed Land Use 
A011 30% grassed; 70% commercial 
A012 20% Gravel trailer park; 80% business  
A013 Office buildings with paved areas 
A021 30 % residential (sparse); 70% lawn with dense soil 
A022 Pasture with 10% woodland 
A023 70% soy bean field with grassed swale 
A024 Grassed area with pond 
C061 90% grassed area; rest is soy bean field. (Location of future detention pond)  

  

B031 50% lawn with dense soil, 50% residential 
B032 30% Residential; 70% playground 
B033 20% Residential; 80% playground 
B034 Apartment complexes 
B041 Light Commercial 
B042 40% grassed lawn; 60% commercial development 
B043 Primary school area 
B044 Commercial development 
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Runoff 
Coefficients 

(sample) 
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Runoff Coefficient, C  
[Hydraulic Design Manual, TxDOT,2019) 
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Runoff Coefficient, C  
[Hydraulic Design Manual, TxDOT,2019) 
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Runoff Coefficient, C for Return Periods  
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Runoff Coefficient, C  
(Gupta, 2017 – page 714) 
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APPENDIX III 
 
 
 
 

Project MAPS 
 

Small Harris County 
Watershed 
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