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METRIC CONVERSIONS

Inch-pound units used in this report may be converted to metric
units by the following conversion factors:

Multiply inch-pound units By To obtain metric units

cubic foot per second (ft3/s) 0.02832 cubic meter per second (m3/s)
foot (ft) 0.3048 meter (m)

square foot (ftz) 0.0929 square meter (m2)

inch (in.) 25.4 millimeter (mm)

square mile (mi2) 2.590 square kilometer (ka)

acres 0.4047 hectares (ha)
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CALIBRATION OF A DISTRIBUTED ROUTING RAINFALL-RUNOFF
MODEL AT FOUR URBAN SITES NEAR MIAMI, FLORIDA

By W. Harry Doyle, Jr. and Jeffrey E. Miller

ABSTRACT

Urban stormwater data from four Miami, Fla. catchments were
collected and compiled by the U.S. Geological Survey and were used
for testing the applicability of deterministic modeling for characterizing
stormwater flows from small land-use areas. A description of model
calibration and verification is presented for:

(1) A 40.3-acre single-family residential area,
(2) A 58.3-acre highway area,
(3) A 20.4-acre commercial area, and

(4) A 14.7-acre multifamily residential area.

Rainfall-runoff data for 80, 108, 114, and 52 storms at sites 1, 2, 3,

and 4, respectively, were collected, analyzed, and stored on direct-
access files. Rainfall and runoff data for these storms (at l-minute

time intervals) were used in flow-modeling simulation analyses. A
distributed routing Geological Survey rainfall-runoff model was used to
determine rainfall excess and route overland and channel flows at each
site. Optimization of soil-moisture-accounting and infiltration parameters
was performed during the calibration phases. The results of this study
showed that with qualifications an acceptable verification of the
Geological Survey model can be achieved.

OBJECTIVES AND INTRODUCTION

The purpose of this report is to present mathematical modeling
results of the rainfall-runoff process for urban stormwater data collected
from January 1974 to June 1978, near Miami, Fla. A distributed routing
rainfall-runoff model developed by Dawdy, Schaake, and Alley (1978) was
calibrated and verified for four urban sites located near Miami in
Broward and Dade Counties, Fla.

The report also describes the procedures used to achieve calibration
and verification. Similar study areas could be modeled following report
guidelines. The four sites were:

(1) A 40.8-acre single-family residential area,

(2) A 58.3-acre highway area,

(3) A 20.4-acre commercial area, and

(4) A 14.7-acre multifamily residential area.

The location of these sites is shown in figure 1.
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Rainfall-runoff data for 80, 108, 114, and 52 storms at sites 1, 2,
3, and 4, respectively, were collected and analyzed, and the results
were stored on direct-access disk files. Rainfall and runoff data are
available at l-minute time intervals. This unique detailed sampling
information provided a significant data base of hydrograph information
for flow that was used for model calibration and verification.

DESCRIPTION OF MODEL

An urban watershed model developed by Dawdy, Schaake, and Alley
(1978) --hereafter referred to as the DSA model--was adopted to route
rainfall runoff to the outlet of each urban site. Modifications were
made to the model (W. M. Alley, written commun., 1978) to accommodate 1-
minute rainfall and runoff data recorded for these sites.

The model uses kinematic wave theory for routing flows over con-
tributing areas through channels and (or) storm sewers that can be
branched to the watershed outlet. A soil infiltratioh and moisture-
accounting procedure (Dawdy and others, 1972) is used to determine the
effect of antecedent conditions on the pervious watershed infiltration
and to compute rainfall excess. The rainfall excess is then routed over
pervious surfaces and two types of impervious surfaces: (1) hydraulically
effective impervious areas (HEIA)--impervious areas draining directly
into the channel drainage system, and (2) noneffective impervious areas
(NIA)~--impervious areas that drain onto pervious areas.

For a given modeling application, the drainage basin can be divided
into as many as four types of segments:

(1) Overland-flow segments,
(2) Channel or pipe segments,
(3) Reservoir segments, and

(4) Nodal segments.

The DSA model was modified to accept as many as 99 total segments which
provides the user a significant amount of flexibility for delineating
the drainage basin. Channel segments are allowed to receive upstream
inflow from as many as three segments, including any of types (2) to
(4). 1In addition, a channel or pipe segment can receive uniformly
distributed lateral inflow from overland-flow segments. The overland-
flow segments receive uniformly distributed lateral inflow from excess
precipitation. The model provides the option to use two types of
reservoir routing (not tested in this report)--linear-storage routing or
modified-Puls routing. It can also accept two types of nodal segments.
These are junctions and input hydrographs.

Kinematic wave theory using a finite-difference solution scheme is
applied to overland flow and channel or pipe routing. Kinematic wave
equations are an approximation of the St. Venant equations in which the
dynamic effects of flood wave movement are neglected. In this approxi-
mation the friction slope is assumed equal to the channel slope.

3



Pipe flow in the model is limited to nonpressurized flow. When the
runoff is greater than the capacity of nonpressurized pipe flow, the
excess water is stored and later released when the runoff is less than
this capacity.

CALIBRATION AND VERIFICATION OF THE MODEL

Highway Site

The same procedure for calibrating and verifying the DSA model was
utilized at each of the four sites. For continuity, the following
detailed discussion will pertain only to the 58.3-acre highway site.
Later sections of this report will summarize calibration and verification
results for the other sites. The highway basin contains a 3,000-foot
highway section and is 36 percent impervious (21 acres) and 64 percent
pervious (37 acres). The impervious area includes 14 acres of roads and
1l acre of roof tops.

Data Management System

Rainfall and stage data were recorded at the highway site for the
period April 1975 through July 1977. Discharge was computed from two
stage readings in a U-shaped constriction and recorded using an urban-
hydrology monitor at the site (Smoot and others, 1974). During the
period of record, 397 rain storms were recorded at 36-second sampling
intervals. Of these, data for 108 were digitized and stored in a data-
management system at l~minute intervals. Storms selected for computer
storage generally exceeded 0.10 in. rainfall. Water-quality samples
were obtained for 42 of the 108 storms, and these data are also stored
in the data base.

The quality of the data was generally good. However, the following
problems could be sources of error: (1) The discharge rating in the
constriction at the outlet for the transition between open-channel flow
and pressure flow is not well defined. This produces slightly questionable
discharges in the 25 to 35 ft3/s range. (2) Delineation of contributing
drainage areas was difficult because of the flat topograpy, however, a
field reconnaissance was made at all sites and the best values obtained.

A data management system was developed to store, edit, and retrieve
the data collected in the Miami urban studie7 (Wilson and others, 1978).
The data base, currently comprising 834 1BMLY 3350 disk tracks, is a
random access file (360/370 direct access) designed as a user-oriented
file for use with Fortran programs. Figure 2 shows the activity flow
associated with acquiring model calibration and verification data from
the data base.

l/The use of the brand name in this report is for identification
purposes only and does not imply endorsement by the U.S. Geological Survey.
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Table l.--Parameters for soil-moisture accounting and infiltration

Soil-Moisture Accounting

Parameters:
DRN--A constant drainage rate for redistribution of soil moisture,
in inches per day
EVC--A pan coefficient for converting measured pan evaporation to
potential evapotranspiration
RR--The proportion of daily rainfall that infiltrates into the
soil

BMSN~--Soil-moisture-storage volume at field capacity, in inches

Infiltration

Parameters:
KSAT--The minimum (saturated) value of hydraulic conductivity, in
inches per hour
RGF--Ratio of suction at the wetting front for soil moisture at
wilting point to that at field capacity
PSP--Suction aé wetted front for soil moisture at field capacity,

in inches of pressure




Table 2.~--Parameter values for soil-moisture accounting and infiltration
at the highway site

Parameter Range of values Initial Optimized
symbol estimate value
Lower Upper
limit limit
DRN 0.1 1.0 0.90 0.90
EVC .5 1.0 0.90 .99
RR .65 1.0 0.90 .71
BMSN 1.0 15.0 14.0 9.3
KSAT 0.01 1.0 0.9 .99
RGF 5.0 20.0 19.0 19.99
PSP 1.0 15.0 14.0 ) 14.8
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Input Data Requirements

The next step (see fig. 2), after selection of calibration storms,
was to use a modified "RRSUMRY" program to retrieve the l-minute unit-
rainfall and unit-discharge data for each storm. Unit data refers to
data collected or measured at specified intervals, for example, 1=
minute, 5-minute, and so forth. This program produces 80-column data
cards in the format required by the model. Daily rainfall and evaporation
data for the entire period were retrieved from the data base by interface

computer programs and used in the moisture-accounting routine of the
model.

Figure 5 shows segmentation of the basin into 35 contributing
areas. The areas ranged in size from 0.175 acres (CA-3) to 8.61l1 acres
(CA-27). Table 3 lists the total, pervious, impervious, and hydraulically
effective impervious areas for each contributing area. Figure 6 shows
the impervious area of each subarea. Also available were topographic
and drainage maps for the basin plus a sewer map documenting pipe lengths,
diameters, and slopes. The model requires individual segment data that
were obtained from these maps. Table 4 lists pipe lengths, diameters,
and slopes used in the calibration.

Physical Representation of the Basin in the Model

The model will allow differentiation of the basin into as many as
99 segments. Three different sets of segments were used for the highway-
site drainage area. One analysis employed a 10-segment representation;
another, 25 segments; and a final analysis, 76 segments. The segments
included all components of the system, such as overland flow segments,
pipe or channel segments, and also junctions. There are no detention
reservoirs in the drainage system. The effort associated with describing
the basin in the analyses increased proportionally as the number of
segments increased. Also, computer costs for the 76-segment representation
were about three times the cost of the 25-segment representation. In
general, the 25-segment analysis produced the best results, with the 76-
segment analysis being the poorest. Figure 7 shows the 25-segment
representation of the basin as chosen for general use in calibration and
verification runs. Flow direction is indicated by the arrowhead symbols.
Figure 7 also shows an. expanded view of the model representation of pipe
7 and catchments J and G.

Calibration Option

The model has a calibration option to adjust the soil-moisture and
infiltration parameters for drainage basins having observed rainfall-
runoff data. The method of determining optimum values is based on an
optimization technique devised by Rosenbrock (1960). The model will
optimize.any or all of seven soil-moisture accounting parameters using
data for designated storms. All seven parameters were optimized for the
28 storms included in the calibration process. Because of the data
measurement errors encountered and the relative unimportance of pervious
area runoff, especially for smaller rainfall amounts, the optimization

11
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Table 3.--List of impervious, pervious, effective impervious, and total
areas for highway site

Total Pervious Impervious Effective

Designation area area area impervious
area
CA-1 0.387 0.320 0.067 0.000
CA-2 .221 .095 .126 .126
CA-3 .175 .175 .000 .000
Ca-4 3.387 2.517 .870 .000
CA-5 . 341 .059 .282 .282
CA-6 .239 .105 .134 .134
ca-7 .212 .061 .151 121
CA-8 2.713 1.466 1.247 .249
CA-9 .683 .325 .358 .358
CA-10 4.799 3.158 1.641 .372
ca-11 .710 .473 .237 .222
CA-12 .719 .569 .150 .150
CAa-13 .443 .314 .126 .126
Ca-14 .193 .055 .138 .138
CA-15 .239 .171 .068 .034
CAa-16 2.058 1.361 .697 .617
Ca-17 .738 .184 .554 .492
CA-~18 . 1.118 .155 .963 .543
CA-19 .941 .637 .304 .273
CA~20 J.329 .506 .823 .490
CA-21 0.941 .789 .152 .152
CA-22 2.427 2.008 .419 . 240
CA-23 3.452 1.742 1.710 .591
CA-24 2.196 1.856 .340 .340
Ca-25 3.313 2.198 1.115 .502
CA-26 3.876 3.113 .763 .519
CA-27 8.611 5.335 3.276 .749
CA-28 4,753 3.221 1.532 .844
CA-29 0.876 .146 .730 .526
CA-30 .646 .400 .246 .215
CA-31 1.993 1.238 _.755 .302
CA-32 1.209 .868 - .341 .279
CA-33 1.238 .627 .611 .397
Cca-34 .572 .508 .064 .038
CA-35 .507 .366 .141 .113
Totals 58.255 37.121 21.131 10.534
Percentage 100.0 63.7 36.3 18.08

13
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Table 4.--Highway site pipe-segment information

Segment Length Slope Diameter
(ft) (ft/ft) (ft)
PO0O3 400 0.001 2.0
P004 350 .001 2.5
PO0O5 250 .001 3.0
PO06 600 .001 3.0
P007 810 .003 1.25
PO0O8 330 .005 2.0
P0O09 555 .005 3.5
PO10 660 .005 3.5
PO11 55 .008 3.5
P012 25 .003 3.5

15
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overland flow segment. This factor plus possible data measurement

errors could be factors in rejecting these four storms. The larger

storms produced the best simulation results in spite of possible discharge-
rating errors. This implies that after soil-moisture requirements are
satisfied, the model reproduces the outflow within the limits of the
criteria given for acceptance. Also, larger storms tend to yield more
uniform rain over the basin.

Verification of Model

Twenty storms were used for verification. These storms were
selected because they also varied from small to large size storms. A
preliminary verification analysis resulted in a recalibration of the
model. The recalibration involved adjustments made to the overland
roughnesses aﬁa_élopes and pipe slopes so that better results would be
‘obtained for modei simulations. Thus, the verification data set influenced
the recalibration process, thereby no longer providing a completely
independent verification of the model. However, the analysis made on
the remaining 59 storms in the data base did provide an independent
verification. After "fine tuning" the model, the SEE for verification
storm volumes and peaks for the 20 selected storms were 0.054 in. and
10.406 ft /s, respectively (table 6). Figure 9 shows six of the verification
storms that were simulated. )

Table 7 presents results for the remaining 59 storms collected at
the hlghway site. The SEE for volumes and peaks were 0.086 in. and
5.791 ft3 /s, respectively. Figure 10 shows 11 of the 59 storms for
which the best simulation results were obtained. Results for twelve
storms were unacceptable which equals 20 percent of the 59 storms. The
percentages of unacceptable results went from 14 to 20 percent as simulations
progressed from the calibration to the verification phase. This is
indicative of true modeling error as one goes from calibrating to
verifying a model.

SINGLE-FAMILY RESIDENTIAL SITE

Physical Representation of the Basin in the Model

Figure 11 shows the segmentation of the 40.8-acre basin into 17
contributing areas. The areas ranged in size from 0.029 acres (CA-14)
to 12.149 acres (CA-1l). Table 8 lists for each contributing area the
total, pervious, impervious, and HEIA areas. Figure 12 shows the
impervious area of each subarea. Also available were topographic and
sewer maps. Table 9 lists pipe lengths, diameters, and slopes used in
the calibration phase. A 25-segment representation (fig. 13) of the
single-family residential site was used in calibration and verification
simulations.
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Table 8.--List of impervious, pervious, effective impervious, and total
areas for single-family residential site

Total Pervious Impervious Effective
Designation area area area impervious
area
CA-1 12.149 6.905 5.092 0.152
CA-2 3.422 1.751 1.579 .092
CA-3 .712 .329 .187 .196
CA-4 .650 .375 .202 .073
CA-5 4.506 2,529 1.809 .168
CA-6 3.666 1.993 1.565 .108
CA-7 3.220 1.989 1.081 .150
CA-8 .119 . 064 .000 .055
CA-9 .042 .029 .000 .013
CA-10 1.605 .823 .561 .221
Ca-11 1.851 1.249 .541 .061
CA-12 1.470 . 864 .512 .094
CA-13 1.533 .848 .561 .124
CA-14 .029 .018 .000 .011
CA-15 .675 .045 . 000 .630
CA-16 3.408 2.079 . 1.182 . 147
CA-17 1.701 .966 | .618 .117
Totals 40.758 22.856 15.490 2.412
Percentage 100.0 56.1 43.9 5.92

\
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Table 9.--Single-family residential site pipe-segment information

Segment Length Slope Diameter
(ft) (ft/ft) (ft)
P00l 336 0.001 1.25
P002 95 .001 2.25
P003 125 .001 2.25
PO3A 101 .001 2.25
P0O04 160 .001 2.25
P005 78 .001 2.25
P0O06 235 .001 3.00
P007 165 .001 2.00
PO08 82 .001 2.00
P009 20 .001 3.50
PO10 110 .0048 3.50
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Rainfall and Soil-Moisture Analysis

Rainfall at three gages and stage data for 231 storms were recorded
at the single-family residential site for the period January 1974 to
September 1975. There are data for 80 storms that have been digitized
and stored in the data base for the site at l-minute intervals. Water-
quality samples were obtained and stored in the data base for 32 of the
80 storms.

Individual storm data for all storms were retrieved ("RRSUMRY,"
example, fig. 3) and observed rainfall (inches) versus observed runoff
(inches) were plotted (fig. 14). The graph was used as a guide and 14
calibration storms were selected. Rainfall for the 14 storms varied
from O. 20 in. to 4.37 in. Measured peak discharges ranged from 0.24 to
37.75 ft /s while measured runoff volumes ranged from 0.003 to 0.800 in.

The slope of the runoff versus rainfall relationship was 0.07 (fig.
14) for storms of less than about 0.8 in. rainfall. As w1th _the hlghway
site the 0.07 slope is approximately equal to the total HEIA area.
Figure 14 shows greater data scatter above 0.8 in. rainfall. Below this
figure the source for runoff is mostly the HEIA while above 0.8 in., a
significantly greater amount of the runoff is contributed from the
pervious part of the basin. Possible sources of error as stated pre-
viously probably account for most of the scatter above 0.8 in.

The seven soil-moisture accounting parameters (table 1) were
optimized for all 14 storm events. Again, the results of the optimization
were difficult to apply. Eight to nine computer simulations were made
varying the seven parameters from low to medium to high to recommended
starting values. As many as 75 iterations were performed on a single
parameter during some of the runs. ' Table 10 shows the final optimized
value for each parameter which was used in calibration and verification
analyses.

Calibration Results

There were three recording rain gages operating in the basin from
January 1974 to September 1975. At least one gage was operating for all
storm events. Missing rain gage data was extrapolated from the nearest
rain gage so that rainfall data was available for all storms at each
gage for the entire period of record. These data were averaged together,
since little aerial variation occurred, and a mean value was used to
represent storm rainfall data for input to the modified DSA model
although the model can accept data from three rain gages.

Initially, there was a timing problem when simulating storm-runoff
data. CAT K, which is CA-15 (fig. 11) is unusual in that 93 percent of
the arta is HEIA, or about one-fourth of the total HEIA for the entire
40.3-acre site is being generated from CAT K. An adjustment was made to
that catchment's overland slope and overland roughness to slow down the
runoff from CAT K. An overland slope of 0.005 and an overland roughness
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Table 10.--Parameter values for soil-moisture accounting and infiltration
at the single-family residential site

Parameter symbol Range of values Optimized value

Lower Upper

limit limit
DRN 0.1 1.0 0.80
EVC .5 1.0 .60
RR .65 1.0 .80
BMSN 1.0 15.0 14.99
KSAT .01 1.0 .62
RGF 5.0 20.0 5.08
PSP 1.0 15.0 1.25
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equal to 0.025 produced the best results for the calibration phase while
a slope of 0.027 and a roughness of 0.015 were used on all other overland
subareas. Many other values for slope (0.005 to 0.027) and rouqhness
(0.015 to 0.025) were tried. The best combination was the 0.027 slope
and 0.015 roughness. Except for CAT K it can be noted that these values
were the same as selected for the highway site. This is expected since
the areas are topographically similar and the runoff is occurring at

both sites on overland-flow sections draining into sewer-collector
systems.

The pipe data (table 9) used for model calibration was adjusted
from actual pipe data. Some of the pipe sections were not round so that
equivalent round pipe diameters were computed and used to satisfy model
requirements. A common pipe roughness of 0.012 was used for all sewer
pipe sections while the slope value was 0.001 for all’ pipes except the
last section at the outlet. Also, an impervious retention value of 0. 02

in. provided the best callbratlon results

Table 11 lists summary statistics for the 14 calibration storms.
The SEE for simulated volumes and peaks were 0.081 in. and 5.358 ft3/s,
respectively.

Observed and simulated data are shown in figure 15 for four of the
best calibration storms. Acceptance criteria as stated previously for

the highway site were used to determine when the model was calibrated.

Verification Results

Fourteen verification storms were selected. The first simulation
produced a successful verification of the model with the SEE for simulated
volumes and peaks of 0.032 in. and 2.389 ft3/s, respectively (table 12).
The SEE for verification plus the average positive and negative errors
were lower than the calibration results. Figure 16 shows some of the
various simulated versus observed storms used for verification. Table
13 lists statistics on the remaining 49 storms in the data base for the
single-family residential site.

COMMERCIAL SITE

Physical Representation of the Basin in the Model

Figure 17 shows the segmentation of the 20.4-acre basin into 25
contributing areas which ranged in size from 0.067 acres (CA-3) to 1.870
acres (CA-13). Table 14 lists for each contributing area the total,
pervious, impervious, and HEIA areas. The commercial site is different
from the other three sites for several reasons. First, it contains a
smaller range of individual subdivided areas, from 0.067 to 1.870 acres.
Second, it contains a very small percentage of pervious area, 2.1 percent.
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Figure 17.--Contributing-areas (CA) map of commercial site.
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Table 14.--List of impervious, pervious, effective impervious, and total
areas for commercial site

Total Pervious Impervious Effective
Designation area area area impervious
area
CA-1 1.747 0.039 1.708 1.708
CA-2 .087 .031 .776 .776
CA-3 .067 -—— .067 .067
CA-4 .647 -—- .647 .647
CA-5 .489 -——— .489 .489
CA-6 .999 -— .999 .999
CA-7 .288 .010 .278 .278
CA-8 .769 .007 .762 .762
CA-9 .931 .027 .904 .904
CA-10 .222 - .222 .222
CA-11 .551 .040 .511 .511
CA-12 1.166 .015 1.151 1.151
CA-13 1.870 .024 1.846 1.8406
CA-14 .560 .031 .529 .529
CA-15 .514 .016 .498 .498
Cca-1 .257 -—- .257 .257
Cca-17
CA-18 1.240 .069 1.171 1.171
CA-19 1.435 —-— 1.435 1.435
CA-20 .609 .020 .589 .589
CA-21 .847 .028 .819 .819
CA-22 1.211 ——— 1.211 1.211
CA-23 1.028 -—— 1.028 1.028
CA-24 .918 .025 .893 .893
CA-25 1.232 .046 1.186 1.186
Totals 20.404 .428 19.976 19.976
Percentage 100.0 2.1 97.9 97.9
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Finally, all the impervious areas are HEIA areas. Figure 18 shows how
the pervious and the HEIA areas are distributed. Additional maps showing
roof drains, sewer inlets, pipes, and basin flow patterns were also
available. Table 15 lists pipe lengths, diameters, and slopes used in -
the calibration phase. A 42-segment representation (fig. 19) of the
commercial site was used in calibration and verification runs.

Rainfall and Soil-Moisture Analysis

Rainfall at one gage and stage data for 284 storms were recorded at
the commercial site for the period May 1975 to June 1977. There - are
data for 114 storms that have been digitized and stored in the data base
at l-minute intervals. Water-quality samples were collected, analyzeq,
and the data stored in the computer for 32 of the 114 storms.

Individual storm data were retrieved from the data base and observed
rainfall (inches) versus observed runoff (inches) were plotted (fig.
20). By using figure 20 as a guide, 14 calibration storms were selected.
Rainfall for the 14 storms varied from 0.19 in. to 4.41 in. Observed
peak discharges ranged from 3.29 to 48.64 ft~/s while observed runoff

volumes ranged from 0.133 to 4.195 in.

The slope of the runoff versus rainfall relationship for all the
data was very close to 1.0. This is expected since 98 percent of the
basin 1s‘HEIA The sllqht ‘offset of the data points to the rlght of the
curve in flgure 20 is due to impervious retention. This effect is shown
in figure 21 for storms less than 1.0 in. The two lines A and B in the
figure represent a lower and higher limit of impervious retention, 0.05
and 0.1 respectively. At point C a value of 0.075 was chosen for the
average impervious retention in the basin. This is higher than values
used at sites 1 and 2, but the roof top drainage systems accent impervious
retention because of very flat surfaces usually coated with an asphalt
and small grain mixture.

Even though the basin contains only 2 percent pervious area, which
will have essentially no significant contribution to the total runoff,
all seven soil-moisture-accounting parameters were optimized for all 14
storm events. Site 1 final optimized values (table 10) were used as
starting values and ‘table 16 shows the resulting optimized values.

Calibration Results

There was only one rain gage in the commercial site study area. If
additional rain gages were available, a verification of areal rainfall
distribution could have been made. :

It was necessary to make a few preliminary calibration runs to

adjust' timing, runoff volume, and peak discharge errors. The 98 percent
HEIA results in little contribution, if any, from the 2 percent pervious
area. In other analyses involving larger pervious areas, the runoff
contribution from these areas created more problems during model calibrgtion.
Again as at sites 1 and 2, the overland slope of 0.027 and roughness

equal to 0.015 were used in the analyses. A common pipe roughness of

0.012 was used and a pipe slope of 0.002 was used for most pipes: Table

53



EXPLANATION:

EFFECTIVE IMPERVIOUS AREA

@ | PERVIOUS
| -
)
-

¢ T . v FEET
© 300

Figure 18.--Impervious and hydraulically connected impervious
areas of the commercial site.
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Table 15.--Commercial site pipe-segment information

Segment Length Slope Diameter
(ft) (ft/ft) (ft)
POO1 80 0.007 3.00
P002 448 .002 2.00
P003 203 .002 1.50
P004 145 .002 1.00
PO05 152 .002 1.00
P006 167 .008 1.00
P007 145 .002 1.5
P008 175 .002 . 1.25
PO09 78 .002 1.00
PO10 559 .002 2.25
PO11 488 .002 1.75
PO12 68 .002 1.00
PO13 240 .002 1.00
PO14 180 .002 1.50
PO15 180 .002 1.00
P0O16 60 .002 1.00
PO17 128 .002 1.00
PO18 160 .002 1.00
P019 188 .002 1.00
P020 180 .002 1.00

P021 146 .002 l.25
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Figure 19.--Forty-two segment representation of commercial site.
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Table 16.--Parameter values for soil-moisture accounting and infiltration
at the commercial site

Parameter Range of values Initial Optimized
symbol value value
Lower Upper
limit limit
DRN .1 1.0 0.80 0.53
EVC .5 1.0 .60 .50
RR .65 1.0 .80 .99
BMSN 1.0 15.0 14.99 9.52
KSAT .01 1.0 .62 .08
RGF 5.0 20.0 5.08 5.01
PSP 1.0 15.0 1.25 1.04
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17 lists summary statistics for the 14 calibration storms. The SEE for
simulated volumes and peaks were 0.082 in. and 6.569 ft3/s, respectively.

Figure 22 shows the five best calibration storms--both observed and
simulated storm hydrographs. Various type storms, small to large and
single and multiple peaks, were analyzed. Results for two storms, 1 and
25, were determined as unacceptable.

Verification Results

Fourteen storms were used for verification. The first run was
successful with the SEE for simulated volumes and peaks equal to 0.171
in. and 7.458 ft3/s, respectively (table 18). None of the 14 verification
storms were determined to be unacceptable. Figure 23 shows four of the
verification storms.

Table 19 lists storm data and statistics on the remaining 84 storms
for the commercial site. The wide variability in storm systems resulted
in larger volume and peak errors than the calibration and verification
analyses. About 20 of the 84 storms are questionable as to acceptance
criteria.

MULTIFAMILY RESIDENTIAL AREA

Physical Representation of the Basin in the Model

Figure 24 shows the segmentation of the 14.7-acre basin into 13
contributing areas. The areas ranged in size from 0.352 acres (CA-2) to
2.798 acres (CA-10). Table 20 lists for each contributing area the
total, pervious, impervious, and HEIA areas. Figure 25 shows the
impervious area of each subarea. Topographic, sewer, and drainage maps
were also available for the site. Table 21 lists pipe lengths, diameters,
and slopes, and figure 26 shows the 28-segment representation used for
the multifamily site during calibration and verification runs.

Rainfall and Soil~Moisture Analysis

Rainfall at two gage locations (for all but three storms which used
data from one gage only) and discharge information for 146 storms were
recorded at the multifamily residential site for the period May 1977 to
June 1978. There are data for 52 storms that have been digitized and
stored in the data base at l-minute intervals. Water-quality data for
16 of the storms are also stored in the data base.

At site 4 the outflow for storms 1 to 32 was monitored by measuring
the water levels in a canal receiving the basin runoff and in an inlet
box 215 ft upstream from the canal. Flow equations describing type IV
culverts (Bodhaine, 1968) were programmed to compute the discharge. It
was found that because water-level differences of .00l ft significantly
affected the computed discharge and the stormwater flow was highly
unsteady, that the type IV steady-state flow equations provided a poor

60



z°61 ot zise S/.3F 69579 syead paandwod
9° 11 6 ] ‘ut z80°0 ssumyoa pajndwo)d
quaoxad juadaxad
I03I9 - S9seD MOT I0110 + sased ybty 23eWT}Sd JO
abeaxaay JO Iaqumnpy abeaxaay Jo xaqump I0II9 paepueils suxo3ls 1
6 - ey ov Ly vb ot - st0°¢ £GC°¢C 91°¢ 0060-¥0V¥0 LL-60-90 ITT
6 - TT°8¢ 66° 1V T - 68C° 1 96¢°1 W't 0891-T9¢CT LL=-%T-%0 O3 LL-ET-VO 00T
8T - 06°6¢ vo°8v zZ + ey S61°v 13 A8 4 0081-0€CT ohrmonaﬁ 03 9L-T0-T1 €8
v - S0°1¢ TT°9¢ € + sve” oge” 14 002T-0L80 9L-60-0T1 08
o¥ + 0S°€T1 09°6 L + [44% EET” ces 05S0-LT¥0 9L-20-80 L9
Z + 06° 0% 00° 0% Z + 98S°T 0ze'1 L9°1 08L0-62V0 9L-L0-LO 19
ST - S0°6T1 ev°ce 6 - 2e0°1 €2T°1 £€T°T 0%¥80-9050 9L-£2-90 65
T - TR 6T°¢ L - STA 9¢T” 44 0960-2990 9.~-TC-S0 189
ee - L6761 vL°sc L - LEYS” Z89° €L 08¥0~-2920 9L-82-20 187
S + T8°¢C vL-te s - LTIL” £EGL” 18° ST160-65¢€0 SL-02-1T 1%
9¢ - o6°v 8T 11 v - LOT~ 18T° 61" S6T0-0600 SL-90-0T 14
8 - 8L°L Lv'8 ST - YA Lyl: 1c* 0T120-8800 SL-SZ-80 LT
<t - v6°6¢t 29°Sy 6 - LLL” ze8” L8" 0060-S¥LO SL-P0-LO 6
98 + 6L°02 0Z°'11 9¢ + vvv-o Zseo €570 0060-G6L0 SL-62-G0 T
(5/¢33) (8/¢33) (ruT) (-uT)
03I O dead O xead X0XX3d JFouna JJounx (*ut)
Jus0I9d POILTNUIS POAIISHO 3IUIDIDJ POIETNWIS PIAISSqO TTRFUTERY TRAIDIUT SWIlL 93ep wWIols uxo3s

*eTd ‘TWeTW ‘©3TS TPTOISUWWOD--S3TNS3I UOTIRIITED [9POW--°LT 9Tdel

61



*33TSs TeIld1dumod ‘¢ IITS 10J SWIOIS UOTIRIQITEB)--°77 21nB1g

SMNOW NI I
0009  0OLSI  OOZPl  ODEEL  OOWZL  OOSML  00ROL OOCS [ 1] 08¢ 000
- - °
, ﬁ
|
|
[}
! T—
-0z
- 0¢
h rou»:t.oo oy
.-—/
b Q3AYISE0
LIl WHOLS
(]
SUNOM NI‘3mL
sy  omt OME  OME OOFZ @ISZ 00ZZ  OM cov'L ooet 000’
A 'y n A A e A
4 0
&3
ad
9
Vi 931newod -9
a3Ay3s80 "
Ll WHOLS
o

QANGI3S W3d 1339 218N NIMOT S

ONOD3S ¥3d 1334 J18ND NI'MOYS

000 1€ oeeZ ooew
e A

SUNOMH NI'JML

oo¢ (2 0089Z O005SZ OO ODECZ QOZZz OOLIZ QOOO
A A e e e e i — “

4

o2
2.1
-ov
{ ]
SUNOH NI"JL
[ 4 S 1) [ 4 1) [ 1} 000 »t [ [ 11} [ 44) [ . 14] oorZT o
2 A - b e - e A A ' A Q
Ol . e e e > = = -
b Ot

6 WHOLS

ot

-ov

ONOJ3IS W34 1334 N3 NI'MOTS

GNOD3S Y34 1334 JIBND NI'MOTS

62



e

8-61 6 9°sT $/c33 8S9°L syead pejndwco
6°€Z 6 9°pT "UF TLTT0 saumyoa pa3Indwod
Jusdxad Juaoxad
I0112 - sased MOy I01319 + sased ybty a3vwI3IsSa jJo
abeaoay 3O zaqumpy abexoay 3o zequmy I0119 pawpuels sSw103S P
1¢ - 68°EE 18°2¥ 6T - .Hmh. 9Z6° £€8° OTTIT-0960 LL=0T=-90 €11
ZT - (420§ vo° LY 6T - ZS0°T 90¢e°1 9T°'T oYY T-£S11T LL-0Z~-S0 G0t
v + sv o1 v8°sT Le + 189° Lev* 8L* 0150-GZT0 9L-TT-0T 18
91 - 12°€2T 8s°LZ 9 + 8veE"T L9Z°1 Lv°1 LT6T~SEVT 9L-6T-80 03 9,-81-80 oL
oz - s8°6C eV LE 1T + 089° z19° e 0¥80-0£90 9L-TT-LO £9
ot + 11°08 EL°SY z + 1€T°C 261°¢ ve-e 09¥1-602T 9L-vZ-90 03 9L-€T~90 09
9 - 8b -8y L9°TS y - 6es°T £€09°'T S9°T 066 T-6L2T 94-80-90 03 9,-L0-90 SS
€T - 8v L 9¢°8 € - 101" votT” 81" 0s¥0-LV€0 9L-T0-90 14
6¢ - 99°0T ve LT 8y - 8ET° voc* (4 ZITTI-¥960 9L~T10~-C0 6t
€T - 98° €€ G8°8€ €E - z9t” LES® 132 0580-2Z¥90 SL-2T-01 6c
ve + €T°09 6v -8V 8 - oTo*¥ 8tV ST v 00ST-¥860 GL-6T~60 03 SL-BT1-60 A4
€ + G8°¢€ gL' € 8v - LTIT® €ce” oz’ SpEO-LYTO SL-6T~LO €T
8t - €T°0T 9¢°91 €€ ~ 161" 1 4:74 8¢° 080T~5£80 SL-02-90 S
LE + v1°6S A AR %7 LT + T161°1 9T10°1 62°1 02ZT-5L60 SL-€0~-90 4
(8/¢33) (s/¢33) (-ut) (*urt)
0319 O 3ead O yead 0119 Jyounx Jjouna (*ut)
JuUeDIBd POIRTNUTIS POAISSAO 3IUSDID PIIJeTNUTS pPoAIdsqO TTeJuTrey TeAISJUT swtl ?3ep wIols wxo3ls

*BPTd ‘TWeTH ‘93TS TeTOIBUOD--S3TNSDI UOTIeDTITAISA [OPOW--°8T OTqel

63



*33TS TeIDdaaumod ‘¢ 3ITS 10] SWAOIS UOTIBITITIDA--°€Z7 2InBT4

SUNON NI'INIL
000SZ 00v¥Z OOBEZ OOZEZ 009ZZ (0ODZZ OOWiZ OOBOZ 0OZOZ QO26L  OOO&L
o — . e prd . i rﬂ o
|
I
]
o
)
o
1 1
)
i
| |
; _.
\ L oc
\ al
Q3AB3580 “.
\‘.
h
Q31NeM0D
r 19
1
N
{
S0l WHOIS
SHNON NI 'IML
a0t Bwou j“ 00002 ‘».z gLrnN jdu §-«n 000 ZZ QJ—« 000 L
[)
-2
F e
L oc
- oy
“7cw>¢wmno
v
SS WHOUIS

GNO23S H3d 433421803 NIMOTY

ANODIS 414 1334 218N NIMO T 4

SUNOM NIIMIL
000Z¢ O00Lif OOZOE 0OCGL O0YB 00S(Z 0039 OOLSL OOBW  OOBEC  00OCZ
" r o = e bl A o
b9
X4
&1
Q31N4W0)
b o2
03A¥3S80
0L WHOUS
. 4
SHNOW Ni'3miL
0008 OOl ooy [ T¥} 0088 0058 ooze ooss 009 s 00ES  000S
A e A . . . I — e re 0
o
!
I
[}
I
\ 4
L
1
I
]
]
: o
Lo
/85.33
»
03AY3ISEO
9% WHOILS

ANOIIS 34 £33 018NI NIMOTY S

aQNOI3S ¥ 3d L334 218N NPMO 3

64



LOT+ €0°2¢T Z8°s 6L [4AN 890° 0z° ST9£-80SE SL~-TZT-01 8c
ve - Ls°L - 86°6 ve 6ST* 602" oz* 028Z-L692C SL-02-0T1 Lz
T + vo°s . Is°v 9% 091° 96¢° vee 0¥S0-18€0 SL-6T-01 9z
6T - 6L°92C 86°C¢t LE ves® ce8” 19° 00ST-T9C1 SL-82-60 03 GL-LZ-60 ve
ve + S9°91 vy ozt 89 8ST" (43 st S6ET-LYVTT SL-6T-60 124
€ + rA ALY 60°0T1 A oLt 991" T 0L60-T980 SL-LT-60 1¢
Z + Lz s¢ oL °ve € va. wes €e” OT1TI-0860 GL-L0-60 014
SS + LZ 61 1S ARAN v8 g8¢" GST* Le” 0ZL0-60S0 SL-90-60 61
8T - S9° 11 9Z°¥1 8 862" YA 8¢" 06£T-S¥ZT SL-TO-60 8T
6T - 174 98 X4 8€°Z¢ (44 oLz obe" sg” STST-S6€ET SL-L0-80 91
€ -+ ET €T Leet 8 081" S6T° 9z° 09€0-0920 SL-¥0-80 ST
ST -~ voce LYy 14 8EV" oLs” £G° 0Z€0-¥1T0 SL~Z0-80 14!
vT + 26°8S 9" 1§ vT ave"¢C SEL T 1 A4 0S0T-£880 SL-TT-LO T
ve + 10°21 ZL 6 S 09T* ZstTe rAA 0€ST~60%T SL-90-L0 ©3 SL-S0-LO 1T
€T - L9°82 LZ Lt te 60S° SoL” 09" 0Z¥0-L0C0 SL-G0-LO 0T
0T - 1130 4 4 Te 6V €T 896° STT T L0°1 0060-6890 SL-Z0-LO 8
ot + 1€°€ vs°¢ 1€ 902" 662" 1€° 08E€T-TZTT SL-92-90 L
T - Sz 9V [4 KA 8 629°1 8LL'T VLT 092T-L¥60 SL-€2-90 9
VT - 69°¥¢ £€8°82 [44 134 69G° vs* 0¥80-5590 SL-LT-90 v
Z9 + Ve 11 oL TT 2ZT°0 OTIT"0 0Z°0 00ZTI-00TT SL-¥0-90 €
(s/¢33) (5/¢33) (-ut) (-ut)
I03X9 0 ead 0 ead I0xx°® F3ounx jjounx (*ut)
Ju20X3d pojeTnUTS pPaAIaSqQ 3JUSDIB8d PIJTNUTS PoaAIasqO TIejured TeAID3UT SuTl 23ep wiols wI03ls

*eTd ‘TWeTW ‘93TS TeTOIdUMOD--S3TNSOI UOT3IROTITIaA Topow HBulurewsdd---g] oTqel

65



0s + 66°9 L9V ve + 8ee” 8LT" Le: 09tvz-sL0Z 9L-TT-90 LS
L+ 8€°9C oL °ve £ + 616" S68° 90°T OvLT-09T1 9L~-TT-90 ©3 9L-0T-90 99
oz - vezy 88°2S ot - LO6" 0T0°T 10°T ovvT-0821 9L-50-90 4]
s - ¥8°1v £0°vP 6 - 41 S0s° GG° 08GZ-~-T9€C 9L-€2-S0 €S
€S + ev-L 88°% 1€ - ovT" 1te ve: 0Zv0-5200 9L-22-50 Zs
6 + Hw.m €0°6 s - sbL® 1474 88" SoLT-scet 9L-9T~S0 ©03 9L-ST~S0 0s
T + 1€°s 8C°S sg - T4 % 00s° i 0060~-¥¥90 9L-€0-S0 6v
z + 6V LT 80°LT ve + LoV 9LE" 1s° 0221~-2860 9L-T0-S0 1514
T + 8 €1 £€9° €T e - 081" €Le 9z ST160-TLLO 9L-T0-S0 LY
€E + 69°12 T€°91 1€ + cee” sbe” 4 0990-TEVO 9L-90-V0 SP
€T + <1°¢ LL°c 8¢ - 9LT" vve: 6z° 020T~95G0 9L-82-20 144
s - £6°¢C 80°¢ ot - ve60° SOt LT 0992~T0SZ 9L-92-20 4 4
Lz + 8T°€T 9€°01 T + o9L* 089° L8 £€590-5020 9L-52-20 184
ST + oct°c c6°1 Lz - €vT” S6T” vee 089T-6T€T 9L-GT-20 03 9L-¥Z-T0 ov
S + 00°2T £v-11 ve - vec: s8g” 8¢g" 0060~-£690 9L-T0-20 8¢t
8 + £€2°0T LS°S T - (42 €81° oz 08L0-T8%50 SL-80-CT LE
8¢T+ VL 6T S9°8 € + I T 80C" ve: 09€0-8%T0 SL-80-C1 9t
VoT+ 9L ¢ Ze*s SLZ+ Iy (V) 0s* ovv1-28C1 SL-V0-TT [4)
ve + 9€°ST1 16°L 96T+ Lt 8%0" T4 080T-SL60 SL-62-0T 1€
ST - ST°S¢C 8G°6¢C 9€ - 8LE"O L850 9t° 0 09Z1-¢211 SL-LT-0T o€
(5/¢33) (s/¢33) (-ut) (-ut) A
I0x1X9 O ead O ead I0IID Jjounx Jyounx (*uT)
JUSDIDg POIRTNWIS POAIDSHO 3JUIDIDG POIRTNUWIS PIAIISAO TTeIuTey TeAISIUT SWIL 93ep wIo3ls wIo3ls

panuT3uUOd--*6T OIqel

66



[T S e

6T + ST LS €18y T + S8L° T voL-1 €6°T 05L0-2800 9L-90-C1 L8
96 + 9L Y 90°¢ e + 86T 8yt 6z° 080T-5690 9L-10-CT 98
£C + S8°€T 0E°"TT g8 + 662° 8LT” 8¢ 09€0-¥8T0 9L-LT~TT 1 4]
s - SE"S £€9°g sz -~ L8T" eve” Lz 080T-0T180 9L-TT-11 S8
z + v°v1 0T°v1 8C - cee” Loe: 1€° 01ZT~L960 9L-8T-~01 [4:]
€C + 69°11 8v°6 Lz + aLZ* L1Z® 9t 09€T-6811 9L-£Z~60 6L
0 BE'EY 8C €V 9T + €9T1°1 000°T 9Z°1 0gsC~L61C 9L-~S1-60 8L
sz - 79°C¢ ZETEY 8 - oLe” 0S0°T 90°1 00Z1-8560 9L-¥1-60 LL
y - 09°Tt s0°21 €T + 10z° 8LT" 9C* OGET-€STT 9L~C1-60 9L
It + Sy 6T 6v°LT IT + €9C° 8€T"’ 6Z° S¥60-86S0 9L~2T-60 SL
ot - ov-ve 0T-G¢t 9€ -~ LotE” LLY® ov-* 0vS0-09¢0 9L~-21-60 L
maw+ ve°zeT 6L°01 ov1+ 06z° A 8€"° 0ZeT-66T1 9L-01-60 €L
<t - oe-ov T10°9% 0C + Z86° 98%* L9 OLTT-ST0T 9L-€C-80 L
9 + SE°¢E 91°¢ T - 661" sse” 6Z° 0Z0T-0%LO 9L-81-80 69
vt - 10°2T 06°¢T 8z - 9CT1”’ bLTe 1z ZhZT-~£50T 9L-1T-80 89
9 - LS°9¢ 08°8¢ cT + 108" etL- 06° 09.2~06%2 9L-T10-80 99
91T+ aL*ve LY TI1 CET+ 1sz° 801~ ge” 0¥80-0990 9L-TE-LO 59
T + 82°9 £I°S sT - €60° vete LT 0LEO0~T6T0 9L-G2-L0 12°)
8 - 98°S1 pTLT 9C - £6€° Tes” 121 2 020T~8%LO 9L-60-L0 29
L9 + SE°PI LS"8 8 + LZEO coe’o ¥v°0 0060-8¥90 9L-6T1-90 8¢
(s/¢33) (s/¢33) (-uT) (ut)
I0x1x3 O yead O yead I0IxId jjounx J3ounx (*ut)
JUSDISd POIBTNUTIS PIAISSOO JUIDIDJ PoOIRTOUIS PIAISSAQ TIRIUTRY TRAISJUT SuT] 93P WIOo3s wxo3ls

penuT3u0)--6T STqel

67



T L6°0¢ ZL-og 8 - 0se"T 91 6v°1 0¥91-0€60 LL-20-90 03 LL-TO0-90 801
VI 65°09 9Z°0L 9 - T1s°1 T09°1 09°'1 08Z1-500T LL-6T-S0 L0T
T 1414 ov° sz s - 80L" 6vL” 08" 00Z1-5060 LL-LT-S0 90T
91 et £8°¢ w - OtT*® Teee” e 0960-5¥90 LL~TT-90 o1
Zs _€S°L 14384 s - vze: 4 4% - 0¥9C-912¢ LL-0T-90 €01
1< I8 1S 9L TV c + z68° LL8" 00°T 0T¥TI-8501 LL~60-50 (40}
S 98°61 $8°02 ¥e - 9ze 96C° (430 STOT-8¥L0 LL-VT-¥0 10T
134 98°¥ 08’8 vy -~ 811" 11e” 1c* 080T-5080 LL~ET-PO 66
8¢ 91° ¥ 9Z°¢ sy - ShT- oz~ 1¢* 08T€-008C LL-9T-20 O3 LL-ST-Z0 86
11 18° 1T z9°01 e - 9ze” 9TV ¥ 080T-L180 LL-%T-20 L6
LT €L°PE v9°62 8 - €vL” 908" s8° 0801-8¢¥0 LL-80-C0 96
6 €9° VT €T°9T 19 - 061" T6v - 8C° 08CT-€££60 LL-TE-TO S6
LT [4 3 04 13 2 44 e - €1z s1e” 62" S6v0-T19€0 LL-6Z-T0 143)
11 06°0€ SS°¥E ST + £€69° €9G° 8L’ 080T-80L0 LL-ST-TO €6
9T 06-¢€c 9 0z 8¢ + z99° 81¢" T A 0¥80-LESU LL-€0~TO z6
9 956°6 v1°01 8z - 811" votr- oz 0Z€T-SE0T 9L-Te-CT 16
L6 S0°¥ 90°¢ bac+ 6LE" LOT" 6¢° 0¥02-059T 9L-¥T-21 STT
88 ¥8°¢ Is°1T poT+ 66¢ " ST 6v° €vo1-vect 9L-%2-CT 03 9L-£2-C¢T 06
S9 8C°6 ¥v9°s 9¢ + (4T 891" og* 09TZ-6£6T 9L~-vT-21 68
LT 9€ "8¢ ST 9% 8 - 628°1 286°1 €6°1 096T-0¢eC1 9L-¥T-CT ©3 9L-€T1-CT 88
(s/¢33) (8/c33) (-uT) (ut)
I01xd O desd O ead Ioxxs J3jouna Jjouna (°ut)
juaoIag PIIRINWIS PaAIdSqQ 3JUSDISJ PIJRTNWIS PIAISISO TTRIUTEY TRAISIUT SWTL 23epP WIO3S wIo3s

panuT3juo)d~-°61 91del

68



S ST 1¢ 6°8¢ €S m\muu 9T1C"° S syead poajndwo)d

g €cC (534 v°09 SE ‘UT 9€TT0 saumToA pa3zndwo)
jusoxad juanxzad
0139 - , sased MOT I0xI8 + saseo ybty 93ewr}sa 3jo
abexaAy Jo Iaqumy abexaay JO Iaqump 103119 paepuels SWIO3S b8
99 + vL 6T ¢6° 1T 9¢ + T€e” Z1e: 44 06L0-9950 LL-0C-90 V1T
v6 + 0Z°9 6T"€ S9C+ Tss~ 16T S9° SZZT-0060 LL-60-90 AN S
ST + T6°CT €C°TT T + 1244 8t¥h*° cs” OSTV-LZLt LL-€0-90 oTT
9T - veE“PbE 06°0¥% < - LYy 1 9Ly "1 €G°T 0SSZ-0%12 LL-T0-90 60T
(s/¢33) (8/¢33) (ut) (-ut) .
I0xId O ead 0 ead (o3 & £ Jjounx Jjounx (°uTt) -
JUS90I9d POIPTNWIS PIAISSHO 3JUSDISd POIBTNUWIS PLOAISSHO T[IeIUuTeY T[RAISIUT SDUTL 93ep wIo3ls uxo3s

panurjuc)d~---61 OTqelL

69



EXPLANATION

® SEWERINLETS
—— CONTRIBUTING AREA DIVIDE
A URBAN HYDROLOGY MONITOR
’1 RAIN GAGE AND NUMBER

L L 1

Figure 24.--Contributing areas (CA) map of multifamily residential site.
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Table 20.--Lists of impervious, pervious, effective impervious, and total
areas for multifamily residential site

Designation Total Pervious Impervious Effective

area area area impervious
area
CA-1 1.157 0.460 0.698 0.415
CA-2 .352 .043 .309 .109
CA-3 1.412 .626 .786 .568
CA-4 1.236 .380 .855 . 459
CA-5 .842 .187 .655 .397
CA-6 .395 .093 .303 .126
CA-7 1.204 .315 .889 .585
CA-8 1.006 .310 .696 .513
Ca-9 .761 .179 .582 .241
CA-10 2.798 .601 2.197 1.380
CA-11 1.049 .524 .525 .374
CA-12 1.452 .287 1.164 .864
CA-13 1.079 .293 .786 .444
Totals 14.743 4.298 10.445 6.475

Percentage 100.0 29.2 70.8 43.9
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400 FEET

r O

— ‘ ' EXPLANATION
.. == DRAINAGE DIVIDE

HYDRAULICALLY EFFECTIVE
G MmpeRrVIOUS AREA

B \MPERVIOUS AREA NOT EFFECTIVE
(] PERVIOUS AREA

Figure 25.--Impervious and hydraulically connected impervious areas of
the multifamily residential site.
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Table 21.--Multifamily residential site pipe-segment information

Segment Length Slope : _Diamétér
(ft) (ft/ft) (ft)
POO1 220 0.005 . 4.00
PO02 32 .030 ° 1.50
POO3 105 .002 1.50
PO04 105 .002 1.50
P005 240 .002 - 3.00
PO06 40 .002 3.00
PO6A 90 .002 1.50
PO07 90 .007 3.00
PO0S 40 .024 2.50
P09 165 .004 2.25
PO10 210 .002 2.00
PO11 165 .002 2.50
P11A 90 .002 2.50
P12A 250 .002 2.25

P13A 150 .002 2.00
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Figure 26.--Twenty-eight segment representation of multifamily residential site.
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approximation of actual discharges during rapidly changing flows. An
alternate method of computing discharge was selected and an electro-
magnetic velocity meter was installed in the storm drain pipe near the
outlet for flow measurements during storms 33 to 52. The meter provided
calibration and verification data for the development of an unsteady
flow model of the storm drain pipe (Land and Jobson, 1979). Discharge
data for storms 1 to 32 were recomputed using the unsteady flow model.

Because data on storms 33 to 52 included flow velocity measurements,
these storms were used for calibration and verification of the stormwater
model. Observed rainfall (inches) versus observed runoff (inches) were
plotted (fig. 27). Nine calibration storms were selected using figure
27 as a guide. Rainfall for the nine storms varied from 0.18 in. to
2.06 in. Observed geak discharges and runoff volumes were in the ranges
of 1.66 to 27.13 ft?/s and 0.061 to 0.712 in., respectively.

The seven soil-moisture-accounting parameters were optimized using
20 iterations and all nine storms. Additionally, parameters KSAT and
RGF were allowed to optimize for 50 more iterations each. Table 22
shows the resulting optimized values used in calibration and verification
analyses.

Calibration Results

Data from two rain gages were averaged for each time increment
during a storm. There was some aerial variation in rainfall, however,
total rainfall amounts were closely related for most storms. Also, this
site was the smallest of the four urban sites (14.7 acres), and the two
gages were both functioning for all storms except three.

Initial calibration runs showed some timing, volume, and peak
discharge errors. This resulted in additional optimization of the soil-
moisture-accounting parameters KSAT and RGF. These two parameters
affect the supply of rainfall excess and influence any simulated peak
discharges and volumes more than any of the other soil-moisture-accounting
parameters. Also, the impervious retention was decreased from 0.05 to
0.02 in.

Again, as at the other sites the overland slope of 0.027 and
roughness equal 0.015 were used in the analysis. Available pipe slope
data (table 21) and roughness values reflective of corrugated and smooth
metal pipes were selected. An adjustment was made to the smallest pipe
slopes (0.001 increased to 0.002 in table 21) to eliminate some of the
timing errors. Final adjustments to slope data are listed in table 21.

Table 23 lists summary statistics for the nine calibration stogms.
The SEE for simulated volumes and peaks were 0.080 in. and 1.491 ft7/s,
respectively. It was noted that the smaller peaks simulated produced
the greatest errors. Digitizing or shift application errors could
produce a change as much as + 1 ft3/s, which would be greater than model
simulation errors for small storms. Figure 28 shows four of the best
calibration storms--both observed and simulated storm hydrographs. No
storms were determined to be unacceptable.
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Table 22.--Parameter values for soil-moisture accounting and infiltration
at the multifamily residential site

Parameter Range of values Initial Optimized
symbol value value
Lower Upper
limit limit
DRN .1 1.0 0.50 0;51
EVC .5 1.0 .70 .51
RR .65 1.0 .90 .73
BMSN 1.0 15.0 5.00 6.80
KSAT .01 1.0 .10 .99
- RGF 5.0 20.0 10.00 . 19.72
" PSP 1.0 15.0 5.00 -4.70
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Verification Results

Eight storms were used for verification. These were the remaining
storms in the 33-52 range for which velocity data were available. The
SEE for volumes and peaks (table 24) were 0.036 in. and 2.086 ft3/s,
respectively. Storm 34 was unacceptable as the peak discharge error
indicates. This storm had the smallest measured rainfall of any of the
calibration or verification storms. Small storms, as shown at the other
three sites, tend to produce largely variable runoff amounts. Figure 29
shows four of the eight verification storms.

Table 25 lists storm data and statistics for storms 1-32. Some of
the storms not listed, such as 4, 11, and so forth, were not included in
the analysis because the data was not ready for use from the data
management system for various reasons. The SEE for volumes and peaks
were 0.449 in. and 5.541 ft3/s, respectively. About 4 of the 20 storms
were unacceptable. This site was more accurately modeled than any of .
the previous three sites probably because the flow data for site 4
included velocity measurements and the unsteady flow analysis, plus the
basin was the smallest in size and had two rain gages.

SUMMARY AND CONCLUSIONS

Deterministic flow model calibration and verification results have
been presented for four urban catchments near Miami, Fla. The sites
were:

(1) A 40.8-acre single-family residential area,
(2) A 58.3-acre highway area,
(3) A 20.4-acre commercial area, and

(4) A 1l4.7-acre multifamily residential area.

One-minute time interval rainfall and runoff data were available
for 80, 108, 114, and 52 storms at sites 1, 2, 3, and 4, respectively.
A preliminary calibration was performed, verification attempted, and a
final model recalibration completed, if necessary. A verification was
performed using a separate set of data in each case.

This study also demonstrated which data need to be collected in
order to define rainfall-runoff processes. Additional information is
needed to define the relationship between soil types and soil-moisture-
accounting parameters. When pervious-area runoff is small as compared
to total basin runoff, data measurement errors can often be larger than
the total effect of pervious area runoff. In this case the optimization
technique provided in the DSA model cannot determine soil-moisture-
accounting parameters with any degree of confidence. This also points
out the importance of an accurate measurement of discharge. Accurate
rainfall data with complete basin coverage are needed for modeling
requirements. It is recommended that every basin have a minimum of
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two rain gages, not only for defining areal variation in rainfall but
also for backup capabilities. The drainage areas should be accurately
delineated, especially the hydraulically effective impervious areas.

A summary of specific sources of errors identified in this study
is as follows:

. Rainfall data errors, including measurement and areal distribution;

1

2. Streamflow data measurement errors;

3. shift application errors when used to compute discharges;
4

. Digitizing errors when preparing the rainfall-runoff data for
computer storage;

5. Varying antecedent soil-moisture conditions from storm to storm;
6. Varying impervious retention;

7. Varying hydraulically effective impervious areas as size of
storms increase;

8. Delineation of drainage areas, impervious areas, and HEIA;

9. Kinematic wave theory neglecting the momentum effects of flow
which are very important where mild slopes are prevalent; and

10. Last, but not least, the errors in the model that result from
the stochastic nature of parametric modeling.

No attempt is made to quantify the actual amount of error that the above
sources contribute to model error. It varies from storm to storm and
from application to application.

The applicability of a verified model of one basin to another has
not been tested at this point in model development. Values for
overland roughnesses and slopes used in the model were the same at each
site and probably reflect inadequacies in the kinematic wave routing method.
This indicates a limited potential for model transferability within the
same geographic area. Although soil-moisture-accounting parameters
determined for each site were inadequate, they were indicative of the
highly pervious, rapidly infiltrating soil found in the study area.
Given a proper analysis of soil perviousness and adjustments to the
kinematic wave routing method, the transferability of the model might
be possible.

The results of this study showed that within the limits given an
acceptable verification of the DSA model can be achieved with adequate
data. Procedures for rainfall-runoff modeling and application of the
DSA model have been developed and the important data collection needs
for modeling purposes have been identified.
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