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EXECUTIVE SUMMARY 

An urban highway stonn drainage model has been developed for the 
Federal Highway Administration for use in the evaluation of existing drainage 
systems and in the preliminary design of new drainage systems. This model 
incorporates advances in urban hydrology and stormwater management of the past 
decade into a package of six computer programs. This model is also a valuable 
tool for the analysis of stormwater management and nonpoint source pollution 
problems related to urban highway storm drainage. 

The general capabilities of the Urban Highway Stonn Drainage Model 
include: 

• Evaluation of existing urban highway storm drainage systems for 
adequacy against selected design storms; 

• Preliminary urban highway stonn drainage system design computations, 
including locating inlets, sizing pipes, and estimating construction 
costs; 

• Hydraulic analysis of urban highway storm drainage systems under 
rainfall conditions more severe than those used in design; and 

• Simulation of nonpoint source pollutant loads from the highway 
corridor to estimate stonn water quality at highway drainage 
system outlets. 

This package of computer programs offers several advantages over con­
ventional techniques used in highway drainage design and analysis. These 
advantages include the following: 

• A more accurate representation of the rainfall-runoff process than 
is given by empirical approaches such as the Rational Formula that 
may result in over-designed facilities; 

• Ability to analyze facilities such as detention basins and condi­
tions such as surcharge that are difficult or impossible to 
accurately analyze with empirical approaches and computations by 
hand; 

• Ability to estimate nonpoint source pollutant loads from design 
stonn events and pollutant load reductions by treatment facilities 
at drainage system outfalls; 



• An efficient method of perfonning preliminary drainage system de­
sign computations that can be tedious and time-consuming to perform 
by hand; and 

• Ability to quickly evaluate a number of alternative drainage system 
designs, a procedure that may be too time-consuming to perfonn by 
hand. 

The model itself consists of six Fortran computer programs organized 

into four "modu 1 es II as f o 11 ows: 

• Precipitation Module 
• Hydraulics/Quality Module 

- Inlet Design Program 
- Surface Runoff Program 
- Drainage Design Program 

• Analysis Module 
• Cost Estimation Module 

The Model has purposely been structured in these related but indepen­
dent Modules to maximize the flexibility of the package. The engineer may apply 
as many or as few of the Modules as are appropriate to his particular design or 
analysis problem. The relationship of these programs is shown in Figure 1. 
Each of these Modules and its potential uses is described in turn below. 
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A seven-volume report to accompany the computer programs has been pro­
duced. These documents are as follows: 

• 
11 Volume 1: Model Development and Test Applications 11

, 

FHWA-RD-81-011 
• "Volume 2: Precipitation Module User 1 s Manual and Documentation 

Report 11
, FHWA-RD-81-012 

• "Volume 3: Hydraulics/Quality Module - Inlet Design Program User 1s 
Manua 1 and Documentation Report 11 

, FHWA-RD-81-01 3 

• 
11 Volume 4: Hydraulics/Quality Module - Surface Runoff Program User 1 s 
Manual and Documentation Report 11

, FHWA-RD-81-014 
• 

11 Volume 5: Hydraulics/Quality Module - Drainage Design Program User 1 s 
Manual and Documentation Report", FHWA-RD-31-015 

• 
11 \'olume 6: Analysis Module User 1 s Manual and Documentation R0.oort 11

, 

FHl~A-RD-81-016 

• 
11 Volume 7: Cost Estimation Module User 1s Manual and Documentation 
Report 11

, FHWA-RD-81-017 

The first volume describes the history of the project, gives a more detailed 
overview of the computer programs, and describes three test applications of the 
model to highway sites around the United States. Each of the remaining six 
volumes describes one of the computer programs, giving a technical description 
of the program, detailed instructions for its use, and complete Fortran listings 
and flow charts of the program's subroutines. The engineer who wishes to use 
one of these programs will need to obtain and study the accompanying one of the 
volumes listed above. 

Precipitation Module 

The Precipitation Module consists of a single computer program with 
two basic capabilities - generating single-peak synthetic hyetographs and per­
forming a variety of statistical analyses on long-term precipitation data, such 
as the hourly precipitation data available from the National Weather Service. 
Some of the statistical analyses of which the program is capable are: 

• Annual series analysis and partial duration series analysis, 
including the generation of intensity-duration-frequency curves; 

• Frequency of occurrence analysis for such parameters as peak rain­
fall intensity per storm event, storm duration, and dry period 
duration; and 

4 



• Analysis of stonn skew (i.e., the ratio of the time to peak rain-
fall intensity of a given storm to the total duration of the storm). 

The statistical analyses that can be performed with the Precipitation Module 
can give the engineer responsible for drainage design much better local informa­
tion than is generally available for developing required design storm events 
and associated conditions. 

Hydraulics/Quality Module 

The Hydraulics/Quality Module, the basic design tool in the package, 
consists of three computer programs - the Inlet Design Program, the Surface 
Runoff Program, and the Drainage Design Program. Together, these programs can 
perform most of the major computations involved in preliminary design of highway 
drainage systems. The programs have been designed to accomodate local drainage 
practices and design procedures. Most inlet, channel, and pipe types available 
can be simulated and the programs are structured to allow the use of local de­
sign criteria. 

The purpose of the Inlet Design Program is to locate inlets in the 
surface runoff conveyance system of the highway right-of-way so as to maintain 
hydraulic conditions during the appropriate design storm event within specified 
criteria. Specifically, the Inlet Design Program determines the placement of 
inlets in gutters required to maintain flow spread within a maximum specified by 
the engineer or the placement of inlets in channels to maintain flow depth with­
in a maximum specified by the engineer. The program also checks that the percen­
tage of the gutter/channel flow that carries past each inlet to the next gutter/ 
channel section does not exceed a given maximum, again specified by the engineer. 

The Surface Runoff Program simulates time-varying runoff quantity and 
quality, routes these flows and pollutants through surface gutters, channels, 
and detention basins if appropriate, and computes inlet hydrographs and polluto­
graphs. The inlet hydrographs and pollutographs can be saved as a computer file 
for subsequent use by either the Drainage Design Program or the Analysis Module. 
For use with the Drainage Design Program, the engineer would typically have the 
Surface Runoff Program calculate hydrographs from the design stonn event required 
locally for sizing the subsurface drainage system. For use with the Analysis 
Module, the engineer would have the Surface Runoff Program calculate hydrographs 
from one or more extreme storm events for analyzing the performance of the drainage 
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system. The Surface Runoff Program can also be used separately for tasks such 
as selecting a surface detention basin of appropriate size to control peak out­
flows from a drainage area. 

The Drainage Design Program reads the inlet hydrographs and polluto­
graphs computed by the Surface Runoff Program for the design storm and sizes the 
major drainage system accordingly. Specifically, the program determines the dia­
meter of circular pipes and the bottom width of trapezoidal channels so that 
each pipe and channel flows full at peak flow. The diameters of circular pipes 
so determined are rounded up to the nearest commercially-available pipe size. 
The Drainage Design Program can be used to size as few of the pipes and channels 
of a drainage system as the engineer desires. For example, if the engineer 
wishes to size a new subsurface drainage system, this program can be used to size 
all the pipes. If the engineer wishes to size a modification to an existing 
drainage system, then the sizes of existing pipes not to be changed can be 
prespecified and the program will size the remaining pipes. The program can 
also be used to route nonpoint source pollutants from a design storm through 
an existing drainage system and to estimate the pollutant reduction from treat­
ment facilities at system outfalls. 

Analysis Module 

The Analysis Module consists of a single computer program that simu­
lates unsteady, gradually-varied flow in the major drainage system of the high­
way right-of-way, using inlet hydrographs generated by the Surface Runoff 
Program as input. The program is basically a modified version of the Extended 
Transport program of the EPA Storm Water Management Model (SWMM} packa9e. Its 
primary purpose is to analyze the performance of th.e drainage system under 
extreme stonn events, a step generally included in the highway drainage design 
process. As such, this program can simulate complex hydraulic conditions, 
such as surcharge and backwater, tnat·cannot be simulated with the simpler 
formulations of the Drainage Design Program. The Analys.is Module can also 
simulate several spectal features of dr-a-inage systems, such as detention 
facilities and variable-rate pumping stations. 
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Cost Estimation Module 

The final Module of this package, the Cost Estimation Module, also 
consists of a single computer program. The purpose of this program is to esti­
mate the capital costs, operation and maintenance costs, and total annual costs 
associated with the construction and maintenance of a highway drainage system. 
All of the cost computations are based on unit costs for materials, installation, 
and O&M. As part of the cost analysis, the program also estimates the excavation 
and backfill associated with construction of the drainage system. Elevation of 
the highway grade line, invert elevations of the system conduits and junctions, 
and sizes of the conduits and junctions are employed in the excavation and back­
fill calculations. The engineer will be likely to find use for this program in 
relative cost comparison for alternative drainage system designs. 

The Urban Highway Storm Drainage Model is a powerful and flexible 
package of six user-oriented computer programs for the analysis and design of 
urban highway drainage systems and the analysis of related nonpoint source 
pollution problems. The hydrology and hydraulics programs in the package are 
all dynamic in nature, representing a significant advance beyond conventional 
static techniques such as the Rational Formula generally used in highway 
drainage design. With capabilities such as the analysis of stormwater detention 
basins, the simulation of nonpoint source pollution, and the computation of 
unsteady, gradually-varied flow in the drainage system, this package includes 
analytical tools more powerful than those now available to the practicing 
highway engineer. In addition, these programs give the engineer the ability 
to perform a large number of preliminary design computations and to evaluate 
alternative drainage system designs with much less effort than would generally 
be required to do the same work by hand. This model is equally valuable in 

evaluation and modification of existing urban ·highway storm drainage systems. 
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