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Abstract

Urbanization often produces detrimental impactsemeiving stream ecology
due to an increased volume and velocity of stornofu The hydrologic effects of
urbanization, including: increases in bankfull e¢enncreased flooding, increased
peak flows, decreased baseflow, stream enlargersgagm incision, severe stream
bank erosion, sedimentation, changes in morphologyeased instream sediment
load, increased sediment transport, aesthetic datjon, degradation of designated
uses, and loss of fish populations.

The purpose of this study is to determine how eddht physical
characteristics of a watershed affect the pealhdiges of runoff events produced by
fifty years of continuously modeled precipitatiomhe Runoff and Statistical Blocks
of the EPA Stormwater Management Model (SWMM4.4h)l aainfall from three
climatically different cities were used to generfidav frequency curves that illustrate
changes in subcatchment imperviousness, slopeifiength, and Horton infiltration
parameters. Historical rainfall hyetograph infotima for Fort Collins, Colorado;
Atlanta, Georgia; and Seattle, Washington were usedetermine the effects of
different rainfall patterns in three subcatchmeatsging from 6 to 10 Hectares.

Results indicate urbanization has the greatestapathe peak discharge of
catchment runoff and caused all flow frequency earin all three cities modeled to
shift upward. While changes in slope, runoff ldngand infiltration produced no
alteration in runoff magnitude and frequency fomgostorms (seen through the
convergence of the flow frequency curves), the ichpaf urbanization on the
frequency and magnitude of runoff events was appaneall scenarios run. As the
level of urbanization changed, some response weayalvisible, no matter how the
three other variables were altered.

| ntroduction

Increases in catchment urbanization create dettaheimpacts to the
receiving stream ecosystems through alterationthenriver’s natural flow regime
(Poff et al, 1997). Alterations to the five crdlccomponents of the natural flow
regime—magnitude, frequency, duration, timing, eaté of change—through human
impacts decrease native species’ variation and g®tie propagation of non-native



generalist species. Landuse change, especialynizdtion, alters the magnitude and
frequencies of high and low flows, causing physiotal stress to species adapted to
the altered natural conditions (Poff et al., 1997)he EPA-SWMM 4.4 model was
used in this investigation to determine the genaffgcts urbanization produces on
the magnitude and frequency of discharge from thetehments with three regional
patterns of rainfall.

The Runoff and Statistics blocks of SWMM were udeddetermine the
affects of catchment urbanization, slope, widthg @oil composition on the peak
discharge of watershed runoff. Fifty years ofdmistal rainfall data from three cities
— Atlanta, Fort Collins, and Seattle — were incogbed to account for climate
variations; these data originated from the Natioaeanic and Atmospheric
Administration (NOAA) website. This was done taetenine how alterations in the
model catchment affect the runoff flow frequencyvas. This is important because
the flow frequency curves generated illustrate garteends of how different regions
and physical characteristics of a watershed afieetk runoff discharge. It is also
valuable because less money and effort can betelitdéoward obtaining data that
does not significantly affect the output of the SWivhodel.

Methods

The effects of catchment modifications on the Itesyflow frequency curves
were investigated using a single catchment andptaton data from three different
cities. The model catchment was composed of thubeatchments and subjected to
recorded rainfall patterns from Atlanta, GeorgiartFCollins, Colorado; and Seattle,
Washington.

The general process of this investigation inclutiesl following steps. (1)
Select catchment parameters were changed in thefRoput file and read into the
Runoff Block of the EPA SWMM model. (2) The intack file output from the
Runoff block was then input into the Statisticsddaf the model. (3) Data output
from the Statistics block were used to calculate tieturn periods and peak
discharges of all runoff events. (4) Runoff exaeeses and flow frequency curves
were produced for the catchment. (5) The flow diestcy curves were then analyzed
to determine what physical changes in the waterpheduced what curve features.

Model Catchment

The model catchment used was composed of threeathineents of 6.47,
5.67, and 9.96 Hectares. This catchment was modiden an existing subwatershed
located in the Fossil Creek watershed south of Eolins, Colorado. Currently, the
land use in the area consists of 12.1 Hectaresvefensity residential development
and 10.1 Hectares of pasture land (Rohrer, 20@4j.illustration of this catchment
and its subcatchments appears in Figure 1.

Although located in Fort Collins, Colorado, theatahent describe above was
used in the Atlanta and Seattle simulations as.we€le original areas of the model
watershed, its Manning’'s roughness, and depressiorage were held constant
throughout the study. The SWMM model allows twdueas each for Manning's
roughness and depression storage: one for the gosnareas and one for the
impervious areas. The Manning’s value for the perw areas in this model was 0.25



and the value for the impervious areas was 0.08ues for depression storage were
7.62-mm for the pervious areas and 2.54-mm forittiygervious. Channels, pipes
and flood control devices were not considered is $hudy.
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Figurel. Model Catchment
Catchment M odifications

Four types of catchment modifications were evalliateperviousness, slope,
width, and infiltration. When one of these parasngtwas altered, the others were
retained at their original values. The one exceptio this was the percent
imperviousness of the catchment. Catchment impasviess was changed from the
original values to 5%, 20%, and 40% to represeatetifiects of urbanization. These
changes in imperviousness were applied to the slejkh, and infiltration scenarios.

Modifications in catchment imperviousness were ustd simulate
urbanization of the watershed. Catchment impesness is also known as percent
imperviousness and denoted as WW (3) in the SWMMRLNoff input file. Values
of 10, 20, 30, 40, 50, 60, 70, 80, and 90 percaperviousness were modeled and
their affects demonstrated through flow frequencyves. The original percent
imperviousness for the subcatchments 1101, 12@L1381 were 13.1, 14.0, and 5.0
respectively.

Catchment slope is a measurement of the increasgearease in ground
elevation within the catchment. Slopes considevere 0.01, 0.04, 0.08, 0.12, 0.16,
0.20, 0.24, 0.28, and 0.32-m/m. When one of tihherotour parameters was altered
the slopes of the subcatchments were retainedeat dhiginal values of 0.015 for
subcatchment 1101, 0.013 for subcatchment 12010 &1i® for subcatchment 1301.

The width of the subcatchments refers to the lentthe subcatchment side
perpendicular to the direction of flow of the ruh@figure 2).
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Figure 2. Subcatchment Width




In SWMM all subcatchments are modeled as rectangldsiber, 1998).

Subcatchment areas were held constant during Hrisgb the simulation and the
results are documented based on a width to lengtio of the subcatchment.
Width/length ratios considered for each subcatchmeme 0.1, 0.5, 1, 1.5, 2, 2.5, 3,
3.5, and 4. The widths entered into the SWMM moadete determined from the
equation below. This equation was derived fromaiea of a rectangle and the width

to length ratio.
w=+rA
Where,
w = width, m
A = subcatchment area?m
r = width/length ratio

Catchment infiltration was modeled using the Hoiitdiltration method of the EPA-
SWMM Runoff Block. The general form of Horton’s E&Eafion appears below
(James, 2000). The EPA-SWMM model in its infilioat calculations used an
integral form of this expression.
f=f +(f —f)e"
Where

f = infiltration capacity into the soil, mm/sec

f. = minimum or ultimate value df (att =

), mm/sec

fo = maximum or initial value of (att = 0),

mm/sec

t = time from beginning of storm, sec

k = decay coefficient, séc

All three subcatchments were modeled with homogensail content for each
simulation. The soils considered were alphalplzanip sand, carnegie sandy loam,
dothan loamy sand, fuquay pebbly loamy sand, leefemmy sand, and tooup sand.
The infiltration capacity variables of each soiedisted in Table 1. These values
were converted from data summarized by Bedient-aurtgker (1992.)

Table 1: Infiltration Capacity Valuesfor Soils

SOIL TYPE fe fo k
(mm/hr) (mm/hr) (hrh)

Alphalpha loamy sand 35.6 482.6 0.010636
Carnegie sandy loam 45.0 375.2 0.005456
Dothan loamy sand 66.8 88.1 0.000389

Fuquay pebbly loamy sand 61.5 158.5 0.001306
Leefield loamy sand 43.9 288.0 0.002139

Tooup sand 457 584.5 0.009086




Results and Discussion
Change in Percent I mperviousness

An increase in the percent imperviousness of #iehenent resulted in four
main changes in the flow frequency curve: (1) awana shift, (2) a “smoothing out”
of the curve, (3) a decrease in the space betweeourves, and (4) a decrease in the
curve slope. These trends are illustrated in leig@a and 3b for the Atlanta and Fort
Collins subcatchment 1101. Although only subcatehim1101 is shown all
subcatchments for these two cities depict siméasults. This is true for changes in
slope, width, and infiltration values unless othisenstated.
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Figure 3. Changesin Percent | mperviousness

The upward shift in the flow frequency curve résdlfrom an increase in
peak discharge from the catchment. This runoffeéase was attributed to an increase
in hydraulically connected imperviousness surfageble catchment. The increase in
the hydraulically connected imperviousness surfadethe catchment increased the
peak discharge of runoff by reducing infiltratiomdastorage and providing a channel
of a smaller Manning'’s roughness (0.016 opposd&lab) to convey the flow.

The roughness (small bumps) of the flow frequenaye is due mainly to the
rainfall pattern. This is supported through thenparison of Figures 4, 6, and 9. In
all these figures the general shape of each otyrses were retained. Fort Collins’
curves were always rougher in appearance than tatlgrand Atlanta’s were always
rougher in appearance than Seattle’s.

An increase in percent imperviousness resulted ihecrease in the curve
separation. This decrease in curve separatiocates the effect of urbanization on
the peak discharge decreases as urbanization sesrea A decrease in the slope of
the flow frequency curve resulted from the peakchisges of the smaller, more
frequent storms becoming more similar to the peakhdrges of the larger, less
frequent storms. This was due to the loss of pes/surface to capture runoff.

Changesin Catchment Slope
Variation in catchment slope resulted in four mimlings. First, points of
convergence were observed at 3 exceedances peoyeelanta (Figure 4a) and 0.4



exceedances per year (2.5-yr return period) fot Eotlins (Figure 4b). The larger
runoff events have the most divergence while thallem more frequent events
converge and overlap; this indicates changes ipeslare more important when
dealing with large runoff events opposed to smadings. This appears to hold for all
percent imperiousness cases tested (5%, 20%, &y 40
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Figure 4. Changein Catchment Slope, 20% | mperviousness

The second finding was that as the catchments indxrifrom 5% to 40%),
the curve separation decreased as the catchmem@ sloreased (Figure 5). This
indicates that an increase in percent imperviousneduces the effects of catchment
slope on modeled runoff. Increases in percent impesness also resulted in a
second point of divergence for catchments 1101 E3@il for Fort Collins. This
begins to appear in the 20% imperviousness cade tive divergence of the 0.01
slope curve at around 5 exceedances per year aines more apparent at 40%
catchment imperviousness. Finally, the flow fregrecurves for this scenario did
not “smooth out” like the percent imperviousnessules but retained their shapes
when the catchment percent imperviousness wasduglstant. This reinforces the
prediction that the decrease in curve roughnedsi@sto an increase in hydraulically
connected impervious surfaces.

Unlike the Atlanta and Fort Collin’s cases, Sed&tleurves were the least
affected by all four catchment modifications testéd this scenario, Seattle’s curves



shift up but overlap; this indicates that changesubcatchment slope have little to no
affect on the rate of runoff produced by Seatttaiafall.
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Figure 5. Decrease in Responseto Slope Change with an Increase in Per cent
I mperviousnessfor Fort Collins

Changesin Subcatchment Width
Variation in subcatchment width resulted in threain observations, many

similar to those found in the slope scenario. tFies point of convergence was

observed at 2.5 exceedances per year for Atlangar@6a) and 0.4 exceedances per
year (2.5-yr return period) for Fort Collins. Thiseans that runoff produced by

smaller, more frequent storms are not sensitiveh@nges in subcatchment width.

Changes in subcatchment widths for Seattle prodogezioverlapping curves and no

point of convergence, indicating changes in sulbcaent width are not sensitive

when Atlanta rainfall is considered.

Second, for all cases except Seattle, an incrgassubcatchment width
resulted in a larger peak discharge. This wasusscan increase in width results in a
decrease in runoff length. This decrease in rutesffith decreases the amount of
runoff infiltrated into the ground or stored in degsions. The rate at which this peak
discharge increases decreases as the width ofitlibatshment increases.

Atlanta Fort Collins
Subcatchment 1101 at 20% Imperviousness Subcatchment 1101 at 20% Impervio usness
10 1 =--0.1W/L
— -05W/L
- 7 \55 —10WL
H 01 e
£ £ =, 15WiL
& E,, [
2 : : T 20w,
S s,
i1 k s
] e ! N —25WiL
& 001 I
7 g )
. I . : k! —30WIL
I
04-yr Return Period | | 25.yr Return Period — 35W/L
I
0.01 . . : . 0.001 t t t
0.01 0.1 1 10 10 001 0.1 1 10 100 SRt
Exceedances Per Year Exceedances Per Year
(@ (b)

Figure 6. Changesin Subcatchment Width, 20% I mperviousness



Third, as the percent imperviousness increasedflohe frequency curves
became closer (Figure 7) and shift up; this mehasthe width of the subcatchment
becomes less important as the percent imperviossmas urbanization, of the
catchment increases. For Fort Collins, a pointlisérgence was observed at 20%
imperviousness at about 5 exceedances per yeairéFkb); as in the variation in
catchment slope scenario, this point of divergebeeame more apparent as the
ercent imperviousness increased (to 40%).
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Figure 7. Changesin Subcatchment Width with Changein I mperviousness

Changesin Subcatchment Infiltration
Variation in soil infiltration resulted in threeaim findings. First, in all cases

except Seattle, a point of convergence was obspmesl occurred at about 0.2
exceedances per year (5-yr return period) for Adlgfrigure 8a) and at about 0.1
exceedances per year (10-yr return period) for Eotlins (Figure 8b). This means
variation in catchment soil only affected the lardess frequent runoff events.

Atlanta ) Fort Collins
1 Subrecaichment 1101 ai 20% Imperviousness . Subcatchment 1101 at 20% Imperviousness - Ahlalpta
Joamy sand
e — - Carnegi
= Son ﬁ'\_\ sandy loam
: 2 i
= g u ; — Dothan
) bamy sand
3 01 : :
[ ] Fuyua;
.—: ! é ! p:l:lblyy
5 I 5 001 T bamy sand
& I & I Leefiel
I ! bamy sand
: 5.yr Re turn Period : 10-yr Return Period
0.01 L Lost t 0.001 — Tooup sand
.01 0.1 1 10 100 0.0l 0.1 1 10 1o
Exceedances Per Year Exceedances Per Year
(a) (b)

Figure 8: Changes in Infiltration for Atlanta and Fort Collins, 20%
I mper viousness



Second, of all the soils tested the alphalpha loaamd produced the highest
peak discharges. This was surprising, given itgh hinitial infiltration capacity
(482.6-mm/hr) but was due to its quick rate of egtian. This is illustrated by
considering the area under its infiltration cunkg(re 9). The area under the
infiltration curve for a given time period repretethe water depth infiltrated by the
soil during that time (Viessman, 1995). Comparedhe other infiltration curve
areas, alphalpha’s becomes one of the smallestirf@ intervals greater than 6
minutes (0.1-hr).
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Figure 9. Infiltration Capacity of Modeled Soils

An increase in percent imperviousness again rakbulte a decrease in
separation between the flow frequency curves. Théans that as urbanization
increases, the affects of infiltration decrease tduine presence of pavement (Figure
10).
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Conclusion

Results from the modification of subcatchment inpmrsness, slope, width,
and infiltration indicate that changes in catchmenperviousness result in the
greatest response in runoff. An increase in cagectirpercent imperviousness was
seen to affect the runoff of small, more frequemtoff events while variation in the
other three parameters (slope, width, and infitrgt affected mainly the larger, less
frequent runoff events. In three of the four mmdifions, a point of convergence was
found after which variation in the tested paraméséope, width, and infiltration) no
longer affected the runoff from the catchment. SEhpoints of convergence were 3
exceedances per year for Atlanta and 0.4 exceeslgeceyear for Fort Collins in the
slope scenario, 2.5 exceedances per year for Ateamd 0.4 exceedances per year for
Fort Collins in the width scenario, and 0.2 exceeda per year for Atlanta and 0.1
exceedances per year for Fort Collins in the nafiion scenario. In all scenarios
considered, however, a change in imperviousnesttedsn a decrease in the affects
of the tested parameters. This indicates thatnizbion has the greatest impact on
catchment runoff for all frequencies and sizestafrss for most rainfall patterns.
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