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. ABSTRACT

The effects of urbanization on streamflow are investigated for two
adjacent similar watersheds located in and near Bryan, Texas. The
Burton Creck watershed is 84 per cent urbanized and the lHudson Creek
watershed is complectely rural, Storms observed within each basin are
used for comparison of pertincnt hydrograph parameters, Simultaneous
events are compared between the watersheds and the urbanization effect
noted, A synthetic precedure for predicting hydrograplhis on both water-
sheds is developed. Reproduction of actual cvents indicates better
results in the rural watershed. There is conclusive evidence that the
urbanization of a watershed decreases timc-to-peak and increases the

peak discharge,
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CHAPTER I
INTRODUCTTION
Need for the Study

The need for more basic studies on the effects of urbanization
on streamflow is urgent, This need was discﬁssed by Smith et al.
(1969) in a progresé report by a task force on the effects of urban
development on flood discharges., In that report the investigators
indicated that studies should be made of runoff from adjacent
similar watersheds, one of which is rural and the other urbanized.
The importance of these studies to this region was brougét te light
in April of 1969 when a flash flood occurred on Rurton Creek in
Bryan, Texas, that caused enough property damage to move the City
of Bryan to review critically the adequacy of drainage within the
.city. ”

The problem cited above is affecting virtually every growing
city in the world., For the United States, Landsberg et al. (1963)
discussed the pattern of growth from 1960-2000. These authors
predict that by 1980 an urban population of 193 x 10% would repre-
sent three-quarters of the inhabitants in the United States and
occupy only 50,000 mi®, By the year 2000 the urban population
should be 279 x 10®, or four-fifths of the total, and occupy only
70,000 mi®, which is 2.4 per cent of the conterminous land mass.
1f the above predictions are assumed to be accurate, the problem

of flood discharge from urban areas will be very localized in an



arcal sense, The concentration of population also will mean conges-
tion of a major part of our econowic wealth, which makes crucial the
solution of the urban flood problem,
The first study in this area was accomplished over 30 yr ago
by Hormer and Flynts (1936). 7hey studied the relationship between
rainfall and runoff over small impervious areas in St. Louls,
Missouri. Since that time, and especially within the last 10 yr,
numerous studies of various types have been prepared. These studies
can pe divided iﬂto two major areas:
1, investigafion of a single urban wafershed, e, g., Chow
(1952), and

2. investigation of a group of urban and rural watersheds of
various sizes within the same geographical area, e,g.,
Van Sickle (1962).

The sipéle watershed inves%igationé follow the watershed as:
urbanization develops. Many of the studies are of a continous type
which examines variations in hydrograph characteristics with
increasing urbanization (Watkins, 1936). Other studies involving
single watersheds examine a short period of record and then develop
equations which predict variations in hydrograph shape, These
studies have revealed that the following modifications occur:

1. a decrease in Time-to-Pealg;

2. an increase in Peak Discharge;

3. a shorter Lag Time;

4

,. a shorter Time-of-Concentration; and

5. an increased effect of Rainfall Intensity. ﬂ



Unfortunately, the availability of adequate data for purposes
of direct comparison presents a majo; obstacle to reseérch. An
ever-increasing supply of data, however, is becoming available;
unfortunatély, the lengths of record are very short so that synthetic
procedures still are required generally (Gray, 1961; Espey et al.,
1965: Willeke, 1966), A review of the literature indicates that
many investigators have found workable solutions to the determina-
tion of storm runoff. However, this review indicates also a need
for basic studies which reveal the actual variation between similar
urban énd rural watersheds, Studies of this type have been prepared
by Sawyer (1961) and Waananen (1961) for fairly iarge watersheds
(10 to 90 mi=),

In this study, the effects of urbanization on runoff were
investigated by utilizing data from two small watersheds in the same
geographical area, one urban and the other rural. |

The objectives of this study were:

1, to increase the basic knowledge of the effects of urbaniza-

tion on streamflow;

2. to examine the effects of urbanization on hydrograph

variables;

3. to examine the effects of rainfall intensity on hydrograph

variables;

4, to compare the results of this study with other investiga-

tions; and

5. to derive an objective procedure for prediction of the



various parameters dffecting hydrograph shape,
These results will be verified as the length of record'increaseg,
The results of this and similar studies will have an economic
impact upon future design requirements for urbanized areas. They
will dictate the design of drainage and channel improvements required

to reduce flood damages to a minimum,
Description of Basins

The two basins investigated were the Burton Creek basin located
within the Cigy of Bryan, Texas, and tﬁe Hudson Creek basin located
in a rural area approximately 3 ml east of the Burton Creek basin,
The physical and areal properties of each watershed are iisted in
Table 1. Figures L and 2 present the pertiﬁent features of the .
watzrsheds, .

Th¢.5011 in both basins is Lufkin—Tabor fine'sandy loam, which
is the most common soil in the area (Soll Conservation Service,
1958). This soil group, as characterized by‘the S50il1 Conservation
Service (see Chow, 1964, p. 12-26), has:

1., a high runoff potential;

2. a low infiltration rate when thoroughly wetted;

3. a high percentage of clay with high swelling potential;

4, near or at the surface a clay pan, or clay layer that is

very shallow, overlain by nearly impervious material; and

5. a very slow rate of water transmission.



Table 1. Description of basins used in this study.

Burton Hudson

Area (acres) 890 1230

(mi?) 1.39 1,98
Impervious Area (acres) 210 None

(per cent) 23.6 None
Length of main stream (mi) 2.41 2.18
Length from centroid of

basin to ocutlet (mi) 1,17 1.15

Slope of main stream (ft/ft) 0.0059 0.0065
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CHAPTER II
DEVELOPMENT AND PROCEDURE
Source, Selection, and Analyses of Data

The instrumentation used in this study became partially
operational in May 1968 through a cooperative program between the
United States Geological Survey (USGS) and Texas A&M UniVersity.'
The entire system was completed in August of the same year,

Burton Creek contains a network of eipht nnn?recording rain
gages and two recording rain gages above the stream gaging station,
Installed at the outlet is a type A-35, watcr-stage recorder, The
recording rain gages arec located near the center (Station h6) éqd‘
in the headwaters (Stafion B-2) of the basin (i'ig. 1). There are
two recording gages at Station 46 that have G-hr and 24-hr recording
periods; Station B-2 has a.gage with 24-hr rccording period.

Hudson Creek also is instrumented with a type A-33, water-
stage recorder. In addition, there is a recording rain gage at the
same location. This basin contains two additional 24-hr recording
gages which are located near the center and in the upper reaches of
the watershed,

The selection of the data was dictated by the occurrence of
simultaneous flood events, Due to the relatively short period of
record, only 19 suitable events were chosen (Table 2). Each flood
event has been identificd by a number and a suffix of either a B

(Burton) or an H (Hudson), Thus, the storm of Mareh 15, 1969, on



Table 2. Selected flood events with simultaneous occurrence over
both the Burten Creek and Hudson Crecl watersheds,

Storm Number Date
01 May 10, 1968
02 May 131, 1968
*03 May 17, 1968
04 May 26, 1968
05 June 1, 1968
06 June 5, 1968
*07 June 23, 1968
“(8 July 9, 1968
09 October 9, 1968
L K| November 26, 1968
*11 -Novenber 36, 1968
*172 February 14, 1969
*13 February 21, 1969
14 March 7, 1969
dek %15 March 15, 1969
16 April 4, 1969
17 April 9, 1969
k%18 Aprilt 12, 1969
=19 May 1, 1969

* Denotes multi-peaked hydrograph on Burton Creck,

%% Denotes multi-pcaked hydrograph on Hudson Creck,
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Burton Creck is 15 B, 7The same storm on the lludson watershed is 15 H,

Preliminary analyscs of the data included the foliowing steps

(storm 15 B is used for illustyation):

1. A computer program was written to convert stage readings in
feet to discharpge in ~ubic feet peor sccond using a rating
table devcloped by the USGS.

- 2. Each individoual hydrograph was plottcd on semilog paper
(Fig. 3). |
3. An hourly recession was computed [(or cach storm,
&, Complex hydropgiraphs were sep;rated into individual hydro-

graphs (Vig. 1).
Antecedent Precipltation index

The amount of moisture in thg soil is of prime importance when
computing or predicting infiltration, dlscharge; and hydrograph
shape, Several methods are used for evaluation of this property.
One method is to use pan-evaporation data Lo arrive at a soil
moisture index (Linslcy et al,, 1958, p. 170). A second mcthod
utilizes the period of rime since the last rainfall, This method
is inaccurate because soil moisture and time do not seem to be
related linearly. In this study, a third method has been employed
that has been termed an Antecedent Precipitation Index (API)

(Linsley et al., 1958). The API for any glven-day is defined by

n
API = ¥ b, P, (1)
t
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where b, is a constant less than unity, P, is the amount of precipi-
tation that occeurred t days ago, and n is an nrbitrariiy selected
number of days. b, commonly is assumed to bhe a function of t (timé),
i.e., b, = b*, where b = a constant (in this study 0,90 was used),
Daily values of API werc calculated using the rainfall record obtained
from the non-recording vain gage at Station 46 in the Burton Creek
watershed. The same API was used for the Hudson basin since the.
basins are only 3 mi apavt., Any error introduced through use of the
same API for both basins probably would be smaller than errors in the
index itself,

The values of API calculated for each storm are listed in
Tables 3 and 4 which include also a list of additional variablgs Fhat
were calculated, Values_from complex events Qere not included in -
these tables. Examples of each calculation and the assumptioﬁg made

with each one are included below.
Hydrograph Analyses

Volume, The volume of each hydrograph was calculated by summing
the 30-min ordinates, This sum when multiplicd by the timec increment
of 30-min gives the volume of runoff in cubic fcet, The basic
assumption used in this summation was that the hydrograph was linear

during the 30-min interval centered at the time of reading,
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{continued)

Table 3.
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Rainfall., 7The rainfall for each basin was determinod by using
the deplth in inches at the recovrding gages that are located near the
center of the respective basins. Although the basins are extremely
small in area, several ischyetal analyses were preparcd for the
Burton Creelk basin which has a fairly dense rain-gage network, Fig, 5
is an example, The results of these analyses indicate some variabil-
ity in areal distribution; however, the variability was not great
generally, Thus, the rainfall at Station 46 was consldered adequate
to use as an average for the basin. The rainfall data recorded at
Station 2 were uséd for the Hudson Creek bésin.

Duration of Rainfall Excess. The duration of rainfall excess

(D} is the total periodof rainfall contributing to runoflf afﬁer_thg
hydrograph begins to rise. The length of this perlod was taken to He
the total number of intervals after the beginning of rise whenr£he
rainfall inténsity exceeded the mecan inéiltration raté. Lf periods of
low intensity occurred after the last period contributing to the
excess, these periods were excluded., This variaﬁle was used to
calculate various relationships which are used and discussed in the
following chapter,

Another parameter related to the period of rainfall excess can
be determined by finding the time to center of rainfall mass, This
parameter is related to hydrograph variables since it takes Into
account the distribution of rainfall intensity. This parameter is

more difficult to determine and was not used in this study,




Figure 5.

Fect

Rainfall analysis for May 10, 1968 on the Burton Creek
watershed,
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Time-to-Peak, Time-to-peak, 7 is defined as the time from the

L

beginning of the rise of the hydrograph to the oc:urrence of'pcak
discharge, The extremely short time-to-peak, particularly in the
urban basin, required that ihe estimate be very accurate, Tor this
reason it was decided arbitrarily that when discharge became equal
to or greater tham 4 cfs, this time marked the bepinning of time-td-
peak,

Lag Time, Lag time, L,, as used in this study, was defined as
the period from the time when one-half the duration of rainfall excess
has occurred to the time when one-half the volume of storm runoff i§~

observed,

Infiltration., In this study, both mass infiltration and mean
infiltration were used in the correlation procedurcs, Mass”infiitra-
tion is defined as the total amount of rainfali that did not appear
as runoff and was lost to surface flow, Mass infiltration was cal-
culated and has been listed in Tables 3 and 4 both as a total amount
and as a percentage loss,

Mean infiltration was calculated from the values determined for
mass infiltration by dividing by the total number of hours in which
rainfall occurred., The resulting averages appear in Tables 3 and 4
and in various graphical relationships in the following chapter;
Because of the method used in determination of the mean infiltrationm
the values computed will be less than obtained from, for example, the
$ index (see Linsley et al., 1958, p. 180). The infiltration values
obtained will be actually less than the maximum rate at which water

can enter the soil in this basin, The maximum rate 18 often called
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the infiltration capacity.

Dimensionless Nydrograph.  Several different methods for comn-
Struction of dimensionless hydrographs are available, Because of
several advantages in analysis, the dimensionless hydrograph procedure
developed by the Burcau of Reclamation (1947) was used in this study,

The abscissa of each hydrograph is expressed as a per cent of
lag time plus one-half the duration (semi-duration) of rainfall
excess (Lg + D/2)., The ordinate is discharge, Q, timecs (L‘ + D/2)
divided by the total volume ol runoff of. the storm. ‘this procedurc

produces a completely dimensionless hydrograph,
Snyder's Technique for Hydrograph Synthesis

One of the earliest techniques for synthesization of unit~
hydrographg was developed by Synder (1938). Since both discharge
and rainfall are available, if was possible to calculate the Snyder
coefficients for both basins,

The basic equations developed by Snyder are:

T, = Cy(L L_,)0-2 (2)
and
Q, = 640 C, A/Tp, (3)
where
T, = time-to-peak (hr), as defined previously,
L.,= length from center of basin on the main strcam to the outlet

(mi) a

L = length of the main stream (mi),
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C, = a cocfficient which represents differcnces in slope and

channel storage hetween drainage basins,

Q

peak of the wunit hydrograph (¢fs),

A .

area of the watershed (mi®), and
640 C = a coefficient which represents the effccts of such
factors as channel storage on the flood wave.
The two constanfs C, and 640 C  were calculated for eaqh sﬁorm.
These values have been plotted later for purposes of comparison

with those presented by Hudlow (1966).
The Rational Formula

Among the most widely used equations in drainage design is the
"so-called" rational formula. The rational formula is defined as:

i - Q, = CIA, ' (4)

Q, = peak discharge (cfs),

I = rainfall intensity (in./hr),
A = drainage area (acres), and
C = a coefficient that expresses the portion of the rainfall

which ;uns off and also includes the elfects of overland
flow.

The equation states that the rate of runoff is related lincarly
to the rate of supply. This is dependent, of course, on whether the
intensity of rainfall affects C. A range of values of the coefficient
C was calculated from observed data., These computations revealed

the effects of soil meoisture and rainfall intensity.
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CHAPTIER ITI
FRESENTATION AND D1SCUSS LON OF RESULTS

The analyses of data were carried out as intracorrelation of
hydrologiec parancters within each watershed and cross correlation of
similar paramelers between the watersheds,

The quick response of the Burton Creek watershed to rainfall-
made the separation of complex hydrographs very arbitrary, As a
result, only storms with single pcaks were used, There was a total
of 11 such events on Burton Creck. The basic data for the various
parameters sclected and vsed in the various correlations are listed
in Table 3.

Sixteen of the 19 cvents on ljudson Creck were not complex,

The first six events listed in Table 2 are not usable for most
calculations because rainfall instrumentation had not been installed.
The hydrologic data obtained for Hudson Creck, and used in the
correlations, appear in Table 4,

Cross correlation between the watersheds was possible on only
four events due to either complex hydrographs or lack of adequate

rainfall data, .
Intracorrelation

A plot of APL vs dimensionless hydrograph peak was prepared to
determine if there is any effect on this paramcter due to the

antecedent soil moisturce., The plot for Burton Creek of these two

variables shows only a slight tendency for the dimensionless hydrograph
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peak to decrease as APT increasces (Fig, 6). In addition, the plot for
Hudson Creek of the same variables also indicates lithn, if any,
relationship (Fig, 7). Storm numbers 1, 2, t, 5, and 6 were included
in Fig. 7 since rainfall data arc not required to determine the pealc
of the dimensionless hydrograph. The dimensionless hydrograph peaks
on Burton Creeck have a maximum range of 0.94, from 0.63 to 1.57,
while the range of peaks on lludson Creek was 0,72, from 0,63 to 1,35,
This effect may be due partially to the large impervious area in
the urban watérshed which affects infiltration, The rural bésin
apparently has a more uniform infiltration rate, in an areal sense,
irrespective of the API. The impervious area and area inugrass
lawns in the urban watershed may caﬁse large variations in infiltra-
tion throughout the Burtom Creck basin which affect the volume of
runoff. The volume, in turn, affects the peak of.the dimensionless
hydrograph;

Plots of lag time, Lgs vs time-to-peak, T,, appcar in Fig, 8
for Burton Creek and Fig. 9 for Hudson Creeck, In the rural basin,
T, is approximately equal to L, until T, becomes greater than 200 min,
when the difference between L, and T  increcases markedly. This
apparent effect may be due to rainfall duration and intensity, High
intensities associated with a short period of rainfall cxcess have a
L, and T  that are almost equal. Long pcriods of rainfall excess
with generally low intensitics show larger differences, The Burton
Creek plot exhibits the same general trend, but to a lesser degree,

Because of the shorter time-to-peak on the urban watershed, the

resulting lag times have a wider range of variability, apparently



50—
— G2
4.0 Os
Cis

- 3.0
e
e
p—
=
W
-t

2.0f-—

17
¢ Cs
(oL ]
Q4
1.0}—
Cile
o 1
09
0.50 1.00 1.50
Dimensionless lHydrograph Pealk
Figure 6., Antecedent precipitation index versus dimensionless

hydrograph peak for Burton Creek,

29



5.0
Q7
1 6
On
—~ 3.0
<
ﬂ
‘\-/
-
By
<4
019
2.0~ Os
17
s
C4
C1ac1a
1.0
012
Ce
‘el
O9
1 | [
0.60 0.85 1.10 1.35 1.60
Dimensionless llydrograph Peak
Figure 7. Antecedent precipitation index versus dimensionless

hydrograph peak for Hudson Creek.



250p— 02
1]
200{— ¢
=
<)
-
E 010
g 150:— Os
o
£
&0
3]
=
Q4 : 09
100+—
Ore D&
Obis O
sol
50 160 150
Time-To-Peak (min)
Figure 8.

Lag time versus time-to-peak for Burton Creek,

k)



Q7
500} —
Cn
400F-—
~
.E Oz
E 300—
[a}]
19
&0 (94
3 M
8
2001— ©
ofwols
Q9
100}—
| | | l [ l ]
100 200 300

Time-To~Peak (min)

Figure 9. Lag time versus time-to-peak for Hudson Creek.



33

due to the effects of the imperﬁious aresas,

The relationship between mean rainfall intensity and mean
infiltration shows a high degree of correlation on both Burton Creek
(Fig. 10) and Hudson Creek (Fig., 11). This relationship agrees with
that found by Scully and Bender (1969), Their results show that
average rainfall equalled average infiltration for intensities less
than 0.5 in,/hr with the infiltration rate decreasing to 0.9 in./hr
with a rainfall intensity of 1.5 in,/hr, Theilr study was carried
out on a small watershed in Iowa City, Iowa, The mean infiltration
rate on Hudson Creek is 50 per cent of the rainfall intensity while
on Burton Creek the mean infiltration is 56 per cent of ﬁeap intensity,
Examination of the soil cover on both basins indicates that the
pervious areas of Burton may have a higher water holding capagity.
than (ludson, TFor this reason the infiltration rételon the lawns in
the urban watershed actually may be greater for the same rainfdll
intensities,

A plot of APL vs mean infiltration produced the expected results,
viz,, as the API increases the infiltration rate decreases rapidly.
The rural watershed shows the best relationship (Fig. 12), This
plot indicates very low infiltration rates for API grcater thén
3.0. Unfortunately, the points are rather widely scattered about the
line of best fit. Burton Crecek (Fig. 13) also produced a similar
relationship; however, the results are not as good. This variability
may be explained by the surface detention caused by grass lawns in
the pervious areas of the basin and by the rather large impervious

area which produces runoff irrespective of the API,
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A plot which related méan rainfall intensity to peak discharge
per unit area proved reasonably successful for the urban basin
(Fig. 14). lowever, this relationship was nolb evident in the rural
basin (Fig. 15), The correlation of these variables again indicates
the importance of the impervious arca in the urban watershed, With
an increase in the rainfall intensity on Burton Creek there is an‘
increase in peak discharge per unit area, A major portion of this
increase apparently comes from the impervious arcas,

A plot of APL vs the coefficient € in the rational formula
indicates a high degree of carrelation for the rural basin (Fig. lé);
With low values of AP, C also is small. Since C is ; measure of
the relationship between runof € peald produced hy no infiltration and
the actual peak, the soil meoisture will be critical in its..computation,
particularly on the rural watershed., The urbau watershed (Fig, 17)
did not show this excellent relationship., This lack of correlation
is again attributed to the impervious area and to the surface
detention by the lawns in the urban watershed!

Values of the Snyder coefficient C, were computed for each
flood event. The range of values of the cocfficient C, was plotted
versus the square root of the slope, /8, for each basin (Fig, 18)
and compared with the work of Hudlow (1966), The rural basin has
values of C, varying from 0,67 to 3.10, which plot above the line of
best fit obtained by lludlow, The urban basin had values ranging from
0.24 to 1.75, which fall generally below the line of best fit, The
plots indicate that there is considerable variability from basin to

basin and also that the coefficient varies over a wide range from
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storm to storm within each basin,

The relationship of Snyder's Coefficient, C., and a parameter
which is related to basin characteristics, C, (L LCI)O'GIA, is”
plotted in Fig. 19 and also compared with the work of Hudlow (1966),
All but two cases for the urbim watershed fell ncar or below the line
of best fit in the comparison while all of the calculated points from‘

the rural basin were above the line of best fit,
Cross Correlation

Cross éorrelations made of the Four storms with single peaks'
inmediately show the effects of the impervious arca in the urban
watershed (Table 5), A striking difference is cvident in the rainfall
variability betwecen the two basins, In ail but one of thé sfqrms
used, the rainfall amount in the rural basin was grcater'fhan the
urban’Easin to the west, This feéture is due apparently to a biased
selection of data which were used in the study. Climatology should
show no significant statistical difference over a long period of
record.

Comparison of the physical characteristics of the watersheds
reveals that Burton Creek has an elongated, elliptically-shaped area
while Hudson Creelc is more circular. The change in elevation from
the headwaters to the outlet in both basins is 75 £t with the main
stream on Burton Creek 0.2 mi longer; however, it has a drainage
area that is only 70 per cent of the area of liudson Creek,

The most important effect of urbanization is the decrease in

lag time, Carter (1961) found that for a watershed that was
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partially sewered the lag time decreased 60 per cent while in a
basin that was completely sewered the lag time decreased by 80 per
cent. In the present study, the four events analyzed indicate a’
docrease of mean lag time of 43 per cent., During one of the events
investigated the API was 0.16 in. anc the lag time in the urban
basin was 137 min. 'This was almost twice as long as the lag times
for the otlher three evehts, which had higher API indexes, With this
event eliminated, the decrease in lag time would be greater than Ehe

60 per cent level found by Carter,

A recent study by llarris and Rantz (1964) on a small watershed

=

n Clara County, California, indicated an increase in runoff yield
due to urbanization, All of the storms examinced show that the
percentage infiltration in the rﬁral basin is equal to or higﬁerhphan
the urban basin., This agrees in principle with the fact that an
increase in urbanization increases the runoff yield of the basin.
Constants of ground water recession computed for both basins
show consistently higher values Jor the rural basin, This may be
due partially to the fact that the ground water in the urban arcas
tends to remain high due to extensive watcering of lawns during the

summer months,
Application of An Averaged Unit Hydrograph to Actual Events

An averaged unit hydrograph was determined for each basin and
used to reproduce actual storm events, The following steps were

taken in their construction:
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1. Dimensionless hydrographs obtained from each storm were

averaged for cach basin,

2. A 30-min unit hydrograph was constructed for each basin fr;m

| the nveragcdldimonsionloss hydrographs using mean lag times
ol 196 win for ludson Creck and 02 min for Burton Creele,

The average dimnensionless hydrograph for Burton Creek (Fig. 20)
has a peak of 0,30 centered at 100 per cent of (L‘ + D/2). Tor |
lludson Creeck (Fig. 21} the peak was 0,92 contered at 95 per cent,

The 30-min unit hydrographs for each basin appear in ¥ig, 22,
Bur%on Creek, and TFig., 23, Hudson Creek., The efégcts of urbanization
are observed rcadily when one examines the magnitude of the peak
discharge and the time to peak, fludson Creck has a unit hydrograph
peak of 325 cfs at 210 wmin while Burton Creck hﬁn a peak of 470 cis-
at 85 min,

The adequacy of these hydrographs Qas tested by the reproduction
of actual eﬁcnts. The followiné steps were followed:

1. 30-min rainfall intensities were determined for ecach storm,

2, With a known API, either Fig, 12 or Fig. 13 was used Lo find

the appropriate mean infiltration rate.

3. This mean vate was subtracted from the various rainfall

intensities and applied to the unit hydrograph.

The Burton CreekAreproductions generally were very good (Figs.
24 and 25 are reproductions of Ltwo selected events),  In general,
the time-to-peak was very good; howevér, the hydrograph peaks on
both reproductions were somewhat higher than the actual peak, The

volumes under both the predicted and the actual curves were also
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nearly equal,

The Hudson Creek reproductions, Fig., 26 and Fig. 27, also gave
good results with both time-to-pecak and peak discharge,

Both basin reproductions had the recession portion of the
hydrograph slightly steeper than the actual hydrographs, When the
dimensionless hydrographs were averaged, a constant recession was,
of course, determined, lApparently this average recession was a bit
‘steep to yield excellent reproductions for these spring and early

sunmer. events,
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CHAPTER TV
CONCLUSIONS AND RECOMMENDATIONS

Conclusions

The following conclusions can be inferred from this study:

1.

2.

Urbanization decreases the lag time and time-to-peak.

The use of a single rain gage in basins smaller than 2 mi®
apparently yields rainfall values that are adequate for
hydrograph analysis in the central Texas area.

The basin constants dete;mined from the various techniques
of hydrograph analysis are as varjable from gtorm to storm
within a basin as between basins.

The dimensionless ﬁydrograph technique appears to be a
satiéfactory method for hydrogréph synthesis for both the
smail urban and rural b;sins.

Surface detention by lawns in the urban basin is apparently
an important factor in the determination of the total runoff,
From the data analyzed, there was no seasonal effect
detectable in the streamflow in either basin.

The unit hydrograph peak for the rural basin, expressed in
cfs per square mi, was only 49 per cent of the urban peak
which indicates the effects of the large impe;vious area.
The difficultities encountered in the use of the rational
formula are revealed. 1In the rural area C is very dependent

upon API. The urban basin did not exhibit this tendency.
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Recommendations

Some areas, suggested by this study, for further research are:

1. Continu;tion of analyses of data of the type used in this
study to improve the unit hydrographs and thus the predic-
tion method,

2, Application of the derived unit hydrograph procedurés to
similar basins, -

3. A study estimating the temporal distribution of infiltration
caﬁacity from rainfall-runoff data available on the two .

watersheds,
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