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MODELING URBAN WATERSHED RESPONSE 





URBAN DRAINAGE PROBLEMS 

by Donald VanSickle 

This discussion of urban drainage problems will be limited to the fol
lowing main points: 

1. The effect of current urban drainage design on the rate and volume 
of stormwater runoff 

2. Our current ability to predict these effects 
3. Problems created by inadequacies in prediction techniques 
4. Storms that exceed the capacity for which a system is designed 
5. Conflicts with environmental considerations 
6. The effects-and effectiveness-of on-site stormwater detention. 

The effect of current urban drainage design on the rate and volume of 
stormwater runoff 

Current urban drainage design includes almost all kinds of drainage 
practices. It covers everything from no specially constructed drainage im
provements-such as the Tampa-St. Petersburg, Florida area, where all 
runoff merely sheet-flows to natural channels or to the Gulf-through the 
rustic built-up road and roadside ditch with culverts system, to the curb
and-gutter street with storm sewer. The first type represents the minimal al
teration of the natural drainage system and has the least impact on flow 
rates and volumes, while the curb-and-gutter with storm sewer type repre
sents the maximum modification to the natural system and has the greatest 
impact on both flow rates and volumes. Since the latter is the more com
monly used urban drainage system, at least in the Houston and Texas Gulf 
coast area, my discussion of current urban drainage design practice is di
rected to this type of system. 

Design practice provides for excavation of the street, spreading the ex
cavated material on the adjacent lots, and grading from the back of the lots 
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to the street to provide for the rapid drainage of storm runoff from the lots 
to the street gutter. Since the top of the curb will be at least six inches below 
natural ground, and the height of fill at the back of the lot is probably a 
foot or more, the average ground slope across the lot will be more than one 
foot in a hundred, or 16/o. Natural ground slopes in the Houston area are 
generally about five feet per mile, or about 0.1%. Thus the lot grading in
creases the slope by a factor of 10, and the velocity of flow off the lot by a 
factor of more than 3. Similarly, the gutter grade of 0.25% is 21h times the 
ground slope, providing a velocity of some six to ten times the overland 
flow velocity under natural conditions because of the increased slope and, 
more importantly, the reduced roughness of the concrete gutter. The storm 
sewer system also provides for similar increases in velocity, while a cleaned, 
rectified channel has velocities of from three to ten times those in un
improved natural channels, depending on whether or not the channel is 
lined. 

The combination of these increased velocities with a more extensive 
drainage network that reduces flow length results in dramatic reduction in 
the time for runoff to occur when an area develops. Studies of stream gauge 
data for Brays Bayou, for instance, show that urbanization, and improve
ments in the efficiency of the drainage systems as well as the lining of the 
main channel, reduced the time required for peak discharge to occur from 
12 hours to about l hour, or a factor of more than 10. Obviously, for even 
the same volume of runoff to occur in a much shorter time, flow rates must 
be significantly increased. Studies in the Houston area indicate that the in
crease in peak runoff rates is at least 2 Yz to 3 times, and may be as much as 
5 to 9 times, depending on the project under consideration and the magni
tude of the storm. 

It is generally believed that when an area is urbanized, not only does 
the peak rate of storm runoff increase many-fold, but the total volume of 
runoff also increases substantially because of an alleged decrease in per
meability when the ground surface is covered with buildings and concrete 
streets and driveways. While there is undoubtedly some increase in volume 
because of this reduction in permeability, the increase is significant only for 
smaller storms, and is relatively unimportant for storms of the magnitude 
of the 100-year frequency event. The reason is that the surface soils in the 
Houston area are primarily heavy clays of low permeability and high swell
ing potential. Therefore, at the beginning of a storm some portion initially 
infiltrates, fills up the pores and induces swelling of the clays, essentially 
cutting off infiltration so that all of the subsequent rainfall runs off. The 
total volume of losses by infiltration may amount to 0.5 to 1.0 inches of 
rainfall. For a small storm, of 2 or 3 inches, this is significant, and a reduc
tion of 50% in the absorption because of urbanization can increase volumes 
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of runoff by 2007o or more. For a 100-year frequency rainfall of 10 or more 
inches, however, the maximum effect would be less than 5%. 

Thus the major effect of development on stormwater runoff is to in
crease the peak runoff rate by providing a more efficient drainage system. It 
is also important to note that nearly the full impact of development is 
realized when the streets, storm sewers, and outfalls are constructed, before 
any housing is built. The provision of roofs, downspouts, and driveways 
over the period of development contributes only minor increases to the peak 
runoff rate and to the total runoff volume. 

Predicting effects of urbanization 
A study performed by Turner, Collie & Braden for Harris County in 

1960 and 1961 resulted in one of the first quantitative estimates of the im
pact of urban development on storm water runoff -an estimate of from 2\11 
to 3 times the undeveloped response for the Houston area. The City of 
Houston and the USGS began a cooperative urban runoff gauging program 
in 1964 to obtain data to quantify this relationship more definitively. Other 
programs, similar but less extensive, were begun in the late 1960s in Austin, 
Dallas, and otqer cities in Texas and the rest of the United States. At a 1965 
conference held by the ASCE Urban Water Resources Research Council, 
which addressed itself to the urban drainage problem, the primary concern 
was the lack of adequate gauging data on which to base estimates or predic
tions of the effects of urbanization. Now, after more than 12 years, lack of 
data is not the problem. The data have been analyzed and many different 
predictive relationships have been developed, ranging from simple noma
graphs to sophisticated mathematical simulation models. The problem, 
simply, is that there is very little consistency in the results obtained from the 
various procedures. Published studies and reports indicate that the effect of 
urbanization is to increase p~ak runoff rates from 1 V4 times to almost 25 
times, a range hardly calculated to inspire confidence in the conclusion. 
Most of the published results seem to relate the effect to percentage of im
perviousness, and not to ground slope or other factors. If imperviousness is 
really the important factor, it is difficult to understand why impervious cov
er in Knoxville, Tennessee, would lead to an increase of 25 times, but in 
Dallas only 1 V4 times, when both have similar slopes and types of drainage 
systems. 

The more sophisticated and elaborate simulation models attempt to 
take into account all of the various physical parameters. Even then, how
ever, variations of 50% to 100% in peak flow rates between models are not 
at all uncommon. This is not to say that the models, some of which are de
scribed in other symposium papers, should not be used. If they can narrow 
the range from a factor of 20 to a factor of 2, it will lead to an increase in 
predictive accuracy by an appreciable order of magnitude, a feat well worth 
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attempting. It should be clear, however, that with such a wide range in pre
dictive accuracy still existing, it is an exercise in futility to spend time, ef
fort, and money arguing about differences in predicted flow rates of 10, 15, 
or even 25%. The problem remains unsolved after 15 years of intensive data 
gathering and analysis, and after the expenditure of millions of dollars for 
computer model development, testing, and verification. The art of urban 
hydrology is still an art, far from an exact science. 

Problems created by inadequacies in prediction techniques 
It is probably self-evident that the problems created by inadequacies in 

prediction techniques relate directly to the regulatory requirements relat
ed to drainage design and floodplain management. In providing for new 
developments, it is necessary to analyze the capacity of existing systems, to 
estimate the design runoff requirements for the new development in order 
to design appropriate improvements and enlargements of the existing sys
tem, to estimate the impact of the development on downstream conditions, 
and to provide appropriate improvements to accommodate the downstream 
changes. 

It can be assumed that the following will occur: 

a) The developer will prefer that the predictions of runoff and down
stream impacts will be at the lower end of the range, to reduce cost 
of downstream improvements and to reduce internal drainage sys
tem costs and right-of-way requirements. 

b) Downstream property owners will assume that the impact of up
stream development will be at least at the upper end of the range, 
and probably in the "catastrophic" area, to require the developer 
to provide for the true effects of his impact, and to assure im
proved drainage situations that the downstream property owners 
would like to have provided for their benefit, at someone else's ex
pense. 

c) Local regulatory agencies, who are faced with requiring adequate 
drainage systems throughout the area, while at the same time en
couraging development and minimizing new problems, will try to 
compromise on some conditions in the middle of the range. 

d) State, and particularly federal, regulatory agencies will tend to use 
predictions toward the high end of the range since they do not have 
to be as responsive to local development and economic pressures 
and, particularly in recent years, must be concerned about being 
safe and protecting themselves from criticism of approving inade
quate facilities, or of improperly identifying regulatory flood
plains or floodways. "Bigger is safer," "higher is better." And it 
is certainly difficult to fault this tendency toward conservatism in 
estimates. 
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Specifically, how significant are the problems created? The following 
illustrations refer to differences in values predicted by Turner, Collie & 
Braden, the USGS (using their predictive equations and nomographs), and 
the Corps of Engineers. These examples are for illustrative purposes only, 
and are in no way intended to criticize or to suggest that any alternative ap
proaches are incorrect. 

Spring Creek-existing conditions, 100-year flood at I-45 gauge 

USGS (FIA) ....................... 58,700 cfs. 
Turner Collie & Braden (TC&B) ........ 75,000 cfs. 
CorpsofEngineers .................. 101,000cfs. 

Brays Bayou-existing development and design conditions
Main Street 

TC&B (100-year) ................... . 
USGS (10-year) .................... . 
USGS (100-year) ................... . 
USGS (500-year) ................... . 
Corps of Engineers (design 10-year) .... . 
Corps of Engineers (design 100-year) 
Corps of Engineers 

34,000 cfs. 
20,500 cfs. 
33,700 cfs. 
44,500 cfs. 

9,760 cfs. 
19,922 cfs. 

(design Standard Project Flood) 29,400 cfs. 
(Corps revised data not available, but reported design 
capacity of 29,000 cfs. is established to be 30-35 year recur
rence interval.) 

Dinner Creek-at mouth (3788 acres) 

Undeveloped 
USGS (100-year) ................... . 
TC&B (100-year) ................... . 
Corps of Engineers 

1245 cfs. 
1060 cfs. 

(preliminary draft of procedures for 100-year) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3525 cfs. 

Developed 
USGS (100-year) ................... . 
TC&B (100-year) ................... . 
Corps of Engineers 

3995 cfs. 
4360 cfs. 

(preliminary draft of procedures for 100-year) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5585 cfs. 
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These data indicate, as noted earlier, ranges on the order of 2 or more 
times in estimates of predicted peak discharge rates. Obviously such differ
ences lead to significant disagreements in floodplain delineations. It should 
be noted that the Spring Creek predictions are based on various statistical 
analysis techniques of the historical record, and are all based on the same 
historical data. With a variation on the order of two times for these data, it 
is certainly not difficult to see why predictions of the impact of urbaniza
tion-with all the unknown factors inherent in such predictions-would 
result in variations of predicted discharges by factors of 2 or more. 

Storms exceeding design storm characteristics 
Urban drainage systems-the curbs and gutters, inlets, storm sewers, 

and outfalls-are designed on the basis of a given storm recurrence interval 
established by the appropriate local regulatory agency. For the Houston 
area, the basis for design is the "City of Houston Curves," which have an 
estimated recurrence interval of two to three years. Thus for storms less 
severe than a 2-3-year event, the system will be functioning at less than 
capacity, and providing adequate drainage. For such a downpour as occurs 
only once in two or three years, the system functions at design capacity and 
again provides adequate drainage. For storms more severe than the 2-3-year 
event, the system will be overloaded to various degrees and will be providing 
inadequate drainage. 

The "design storm recurrence interval" is usually established by 
precedent over a period of years as the most severe rainfall the community 
(or individual developer) feels that it can afford to provide for, consistent 
with the inconveniences and hazards that occur when the design capacity is 
exceeded, and consistent with the need for limited public funds to be ex
pended on other public facilities: in other words, it is a compromise. 

A review of design criteria for a number of areas of the country 
suggests that the design basis is primarily economic-what can the commu
nity afford-and the appropriate design frequency is then rationalized as 
being acceptable to the community. For instance, the 2-3-year design fre
quency rainfall event for Houston corresponds to about a l0-25-year event 
in Dallas, and in excess of a 100-year event in Denver. Correspondingly, 
drainage systems in Dallas are designed to handle a 25-year storm (with 
steeper ground slopes permitting somewhat smaller pipe sizes to accommo
date the slightly greater predicted storm), and for Denver they are planned 
for the lOO-year rainfall. 

Storms producing rain in excess of the amount a system is planned for 
(more than the "design event") result in street ponding and, for severe 
events, yard ponding and flooding. Generally, it is believed that the design 
criteria in Houston are sufficient to limit ponding for the 10-year event to 
the street and gutters and for the 25-year event to yards. Storms in excess of 



URBAN DRAINAGE PROBLEMS l3 

the 25-year event may cause house flooding, although the flatness of the 
terrain will generally permit overland flow and flow down streets toward 
drainage outfalls before the levels rise high enough to flood houses. 

Of course, if the drainage design of the downstream areas does not take 
into account this overland and street flow, then the overland flow can reach 
low areas and so far exceed the capacity of existing inlets, leads, and lateral 
sewers (which are designed for only the 2-3-year event in the local drainage 
area) that extensive flooding occurs. All available data indicate that this is 
precisely what occurred in June 1976 in the flooding at the Medical Center, 
Rice University, and the Contemporary Arts Museum in Houston. The data 
show that Brays Bayou was within its banks, and low enough that the major 
outfall sewer could have handled the 100-year flood flow if it could have en
tered the sewer through the inlets. With the excess flows from the surround
ing area running down the streets, the inlets in the lower areas could not 
accommodate the runoff and it ponded to levels high enough to enter park
ing lot ramps to lower levels. The water entered through these ramps and 
created considerable damage in the Medical Center, the Contemporary Arts 
Museum, the Medical Towers Building, and various structures on the Rice 
University campus. 

If it is desirable to provide protection against flooding for storms in 
excess of the design storm capacity, the street and overland flow conditions 
must be evaluated in design to assure that the overland flow can be accom
modated by downstream facilities without flooding. The computer simula
tion models currently available make such elaborate analyses feasible, al
though not inexpensive. 

Conflicts with environmental considerations 
There are two primary conflicts with environmental considerations 

commonly encountered in the design of urban drainage systems, and these 
are directly involved with the open channel outfall systems more than with 
the storm sewer systems. The first conflict occurs, of course, when an exist
ing small, attractive, natural stream must be straightened, enlarged, and in 
some cases lined with concrete, to provide the depth and the carrying capac
ity to accommodate the increased flow from the storm sewer system. The 
unattractive alteration of the environment that inevitably occurs in such 
cases triggers outraged public reaction. 

It is frequently stated that reservation of the floodplain adjacent to the 
small natural stream would permit the floodplain to handle the flow with
out rectification-presumably, reservation of a floodplain larger than the 
natural floodplain would be necessary to handle the increased runoff from 
developed areas. While this solution might be applicable in certain areas 
where topographic conditions would permit outfall from remote develop
ments to discharge above the bottom of the natural stream, the normal situ-
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ation in the Houston area is that the outfall storm sewer from a develop
ment would reach the natural stream at a level many feet below the bottom 
of the channel, or that the lateral system could not function unless the 
channel is deepened. Deepening can be avoided only by eliminating curb
and-gutter streets and storm sewers, and providing roadside ditch systems. 
But if the ditches are made large enough to handle the flow, they become so 
large and deep that they become serious safety hazards adjacent to the 
streets. 

The second conflict of open channel systems is with erosion and 
channel maintenance after completion of a rectified channel. While mulch
ing and seeding channel side slopes would seem to be the best method of 
providing slope cover and erosion protection, experience has not demon
strated the effectiveness of this method in the Houston area. It is hoped that 
recent approval of an increase in maintenance funds for the Flood Control 
District will permit a much improved maintenance program, permit devel
opment of effective erosion control measures, and provide more attractive 
and environmentally-acceptable channel systems. 

Effects and effectiveness of stormwater on-site detention 
If the provision of curb-and-gutter streets and storm sewers is a prob

lem in increasing system efficiency and increasing peak flow rates to be 
accommodated by downstream facilities, then one way to minimize the 
impact would be to provide detention ponds in the upstream areas to hold 
the rapid runoff and release it at controlled, slower discharge rates. The 
usual concept is to provide sufficient storage and control to negate the 
effects of development, releasing flow at the same rate as undeveloped land, 
thereby eliminating the need for downstream improvements. Because of the 
flat topography and shallow natural stream channels in Houston, any such 
detention ponds would have to be shallow in depth and large in area if they 
were not to require either pumping of outflow or deepening of the outfall 
channel. Further, the local topography is such that all such ponds must be 
excavated, and the spoil moved to some other environmentally acceptable 
locations (if there are such places). Experience to date with the only known 
detention pond in Harris County designed and built for these conditions 
indicates that this is not normally an economical solution. 

Developers of a shopping center site near Webster could not proceed 
with normal channelization because of a downstream cemetery. The 180 
acre site needed a 20-acre detention pond, 6.5 feet deep, to satisfy the reten
tion requirements. In addition to the loss of over 100/o of the land (exclusive 
of channel and street rights-of-way), the pond required the excavation and 
removal of over 300,000 cubic yards of dirt. The estimated project cost of 
some $1.5 million, exclusive of land costs, would represent a cost of some 
$10,000 per acre in excess of normal development costs. Since in residential 
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developments such costs would of necessity be passed on to home purchas
ers, detention ponds could unacceptably increase initial costs for housing, 
as well as future operation and maintenance costs. 

Many other areas which have required such detention ponds, particu
larly those in the humid south, are encountering significant maintenance 
costs and problems, and serious public health implications where mosquito 
control is concerned. Even in dry Denver there is concern about their effec
tiveness for large storms. 

Therefore, while detention ponds represent one weapon in the arsenal 
available to attack urban drainage problems, they should not be considered 
as a panacea, and in no event should they be a "required sole solution," as 
was recently proposed by the Clear Creek Basin Authority. 
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