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INTRODUCTION

1.1 PURPOSE

The Stormwater Loading and Management Model (SLAMM) was developed to
provide a means for predicting urban watershed runoff and non-point source
pollutant loadings and to evaluate various stormwater quality management
options. The purpose of this project was to re-calibrate portions of the SLAMM
model using existing and newly-collected data and to provide example
applications of the model to: watersheds typical of those requiring stormwater
management decisions. This effort was part of a larger overall stormwater quality
management assessment of both groundwater pollution associated with the
infiltration of urban stormwater and the source identification of pollutants in
urban runoff conducted by the Wisconsin Department of Natural Resources
(WDNR). "

1.2 SCOPE OF WORK

The scope of work for this project was essentially as described in the Warzyn
proposal to DNR dated April 10, 1991. The project activities were divided into
three general phases: sub-basin data review and verification, SLAMM model
calibration, and use of the calibrated model in example applications to Milwaukee
area sub-basins. Work was conducted over the period of June through December,
1991 at Warzyn’s Madison, Wisconsin Office. The scope of work included
frequent meetings, discussion and data exchanges with WDNR personnel, and, to
a lesser extent, with personnel of the U.S. Geologlcal Survey Water Resource
Division (USGS), Madison, Wisconsin office.

The original scope of work called for calibration of the SLAMM model for runoff,
total suspended solids, and copper and zinc loading rates. However, WDNR later
requested that the zinc loading rate be deleted from the analysis due to various
problems with the available analytical data. In addition, the original scope of
work called for preparation of separate memoranda on each of the three main
phases of project activity. The Phase I memorandum was issued on November
13, 1991. As agreed to by WDNR, this final report.includes the content of the
Phase I Mernorandum and provides a full reporting of the three phases of project
activity.

. [mad-603-34a]
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5

THE STORMWATER LOADING
AND MANAGEMENT MODEL

2.1 GENERAL DESCRIPTION

The SLAMM model was developed by Robert Pitt, formerly of the WDNR and
currently an Assistant Professor in the Department of Civil Engineering at the
. University of Alabama in Birmingham. The model was developed to aid in the
analysis of the effects of land use and stormwater management on urban runoff
quality and quantity. The model requires that the urban watershed be described in
terms of specified land uses and source areas. It then calculates total pollutant
loadings from each area, and provides maximum, minimum, and average values
for those areas. This information can be used to pinpoint cr1t1ca1 nonpomt
pollution sources. :

By using typical land use data, estimates of pollutant loadings can be developed if
no pollution control practices are used. The analyst can then apply different
control pracﬁces to different source areas. From this information, the analyst can
determine control practice effects on loading and runoff quantities, and alter .
specific control practice designs. A control practice design may be analyzed as a
retrofit in an established area or as a new practice to reduce pollutants commg
from developing areas.

A summary of the Land Use Categories, Source Area Characteristics, Pollution
Control Practices and Stormwater Quality Parameters applied in the SLAMM

- model is presented below:

1. Land Uses: .+ Residential - = Institutional

* Commercial * Industrial

* Open Spaces * Freeways
2. Source Areas: * Roofs ‘ * Undeveloped Areas

* Paved Parkmg/Storagc "+ Small Landscaped Areas

* Unpaved Parking/Storage * Other Pervious Areas

* Playgrounds +* .Other Areas

* Driveways - * Freeway Lanes/Shoulders
-SLAMM Model Calibration _ December 27, 1991 ; Final Report
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* Sidewalks/Walks - * Large Turf Areas
* Streets/Alleys | * Large Landscaped Areas

3. Pollution Control Practices:

* Detention Ponds * Porous Pavement
* Infiltration Devices * Street Cleaning
* Catchbasin Cleaning * Grass Swales

- Roof Disconnections * Paved Area Disconnections

4. Stormwater Quality Parameters:

*. Storm Runoff Volume * Dissolved and particle.
* Total Suspended Solids adsorbed loading of
loading contaminants such as
' Cu, Zn, BOD,
or phosphorus

SLAMM allows the model user to apply runoff and pollutant data from urban
non-point studies to determine loadings. To predict runoff, the model uses a
series of storm rainfall/runoff coefficients specific to source area types. The
-model uses a series of particulate solids coefficients to predict solids loadings
based upon land use, source area type, and rainfall depth. SLAMM then
determines dissolved and adsorbed pollutant loadings from the total runoff runoff >
volume, total solids loading, and from pollutant concentrations which depend on
land use and source area. Pollution control practices are modeled using
algorithms which describe how a control practice functions. These algorithms
reduce the suspended solids and pollutant loading predictions, based upon the
specified control practice. SLAMM model documentation is malntamed by

WDNR (WDNR, 1989a b) and by Robert Pitt (Pitt, 1989)
2.2 MODIFICATIONS TO THE SLAMM MODEL

Earlier efforts by WDNR to calibrate the SLAMM Model were only partly

successful. Part of this difficulty was due to errors in several sub-basin input data
files. However, an additional source of the earlier calibration difficulty,
discovered during this project, consisted of a problem in the SLAMM Model data
input routines. One subroutine in the data input portion of the model was
designed to adjust street pollutant loading coefficients if the street characteristics
were changed. However, portions of this subroutine did not operate as originally
designed, and street loading coefficients were not changed automatically with
changes in street description data input. This error was detected and corrected

SLAMM Model Calibration December 27,1991 Final Report
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soon after project work began. The SLAMM model included with this project
report includes this street loadmg coefﬁ01ents input routine corrcctmn

23 SLAMM MODEL UTILIZATION

The executable code for the the corrected (See Section 2.2) SLAMM Model
(designated version 5.3) is included in the diskette contained in Appendix E. Also
included in Appendix E are the calibrated pollutant coefficient files as well as
study area data files for all study area sub-basins used in this analysis.

The SLAMM ModeI is deéigned for use under MSDOS operating systems. A
math coprocessor is recommended for prompt model operation.

[mad-603-34b]
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3

~ MopkeL INPUT

AND CALIBRATION
DATA REVIEW

AND VERIFICATION

3.1 CALIBRATION SUB-BASIN DESCRIPTION

A total of ten urban study area data sets from southern Wisconsin were used to
calibrate the SLAMM model. Six of the study area sub-basins were located in the
Milwaukee urban area, and were investigated and sampled as part of EPA’s
National Urban Runoff Program (NURP) urban stormwater study during the years
1980 - 1982. Two of the Milwaukee NURP sub-basins were resampled by
WDNR and the USGS in 1990 to create additional study area data sets. In
addition, WDNR and the USGS conducted sampling programs for two sub-basins
~ in Madison, Wisconsin during 1991. The general characteristics of the sub-basins
and data used in calibration is summarized in Table 1. The drawings in Appendix
D, supplied by USGS, illustrate the layout of each study area.

The sub-basin areas range in size from approximately 12 to 250 acres, and include
residential, commercial and industrial areas. Most of the sub-basins included
- some type of street sweeping-and/or regular catch basin maintenance, but included
no other stormwater management practices or facilities.

- Data collection for the 1980-1982 Milwaukee NURP study areas is documented in -

the general NURP Project Report (U.S. EPA, 1983). The NURP sub-basin data
supplied for this project by WDNR included runoff, suspended solids and metals
data from 40 to 80 storm events. The NURP data was collected at a single sub-
~ basin outlet point, so the data represents a combination of the responses from the
various land uses-and source areas within the study area. The 1990 restudies of
two of the NURP area sub-basins, the Hastings and Wood Center study areas,
provided data for an additional 13 and 19 storm events, respectively. The WDNR
1991 sampling of the Monroe Street and Syene Road study areas in the Madison,
Wisconsin area included both whole sub-basin and some source area water quality
“sampling. The study area instrumentation and data collection program conducted

SLAMM Model Calibration December 27, 1991 Final Report
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by WDNR during 1990 and 1991 is bemg reported separatcly as part of the
overall WDNR-sponsored project.

3.2 DEVELOPMENT AND VERIFICATION OF
STUDY AREA DATA

The first phase of the project was an evaluation of the format and completeness of
the data used to calibrate SLAMM. The evaluation included a review of the data
for consistency and applicability to the model calibration process, Milwaukee and
Madison site visits, and modifications to the model input data files to accurately
reflect site conditions. The calibration data file creation/correction process was
done in two concurrent steps. One step included site visits to Milwaukee to more
accurately characterize certain sections of those sub-basins. The second step was
to re-measure source areas at each Site from blueprints of original aerial
photographs. New site files were created from the areal and s1te characterization
data developed from these two steps.

The Milwaukee-area site visits were performed by Warzyn and WDNR personnel
to characterize site drainage connections for rooftops and driveways.. The four
sites which contained residential land uses were inspected to evaluate the
percentage of rooftops and (for the Hastings and Burbank sites only), driveways
which were disconnected from the storm drainage system. A fraction of a
driveway or arooftop was defined as disconnected if it drained to a pervious area.
The results of the survey are included in Table 2, and were used to modify the site
data input files. Because of the difficulty in evaluating the fraction of
disconnected sidewalks, it was assumed that 50% of the sidewalks drained to
pervious areas. Area calculations for source areas from each Milwaukee area site
were obtained from digitized 1"=100" aerial photos by USGS personnel.

Surveys of the Syene Road site were also performed by Warzyn and WDNR
personnel. These surveys included basin area delineation and site drainage
connection characterizations. Monroe Street site surveys were performed by
- WDNR personnel. USGS personnel digitized the source areas for both sites.

The SLAMM site description input data files were developed using source area
and impervious area connection data, supplemented with other site
characterization information. This information include soil type, street
characteristics, industrial and commercial rooftop drainage system connections,
and catchbasin and delivery system characteristics. Site description data files for
the Madison and Milwaukee area sites were initially developed by WDNR and
- USGS staff, and were then reviewed and modified where necessary and
‘appropriate by Warzyn and WDNR. . ;
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* Calibration ‘sub-basin input data files used for SLAMM model calibration for each
of the eight calibration study areas is described in the model input files listed in
Appendix A. ‘ |

3.3 RAINFALL DATA

* Rainfall data sets for use with the source area description files in the SLAMM -
model were supplied by WDNR. The data consisted of separate storm
duration/rainfall depth files for each of the calibration study areas. The storm
rainfall depths were obtained from rainfall gages located within each sub-basin.
The storm rainfall data files were reviewed for format and consistency, but were
not checked against external data sources as part of this project. Rainfall data
collection procedures for the NURP study are described in the overall project
report (WDNR, 1983). Rainfall data collection procedures for the 1990
Milwaukee and 1991 Madison area WDNR projects are available from WDNR,
and are in the process of being documented. The rainfall data files used in this
study are included on the diskette in Appendix D. /

34 SUB-BASIN'RUN‘OFF,'SUSPENDED SOLIDS AND
“COPPER LOADING DATA

Collected data from the calibration sub-basin sites was provided to Warzyn by
WDNR. The Milwaukee NURP (1980-1982) data on runoff volume and
suspended solids was taken from EPA project report data summaries. This data
consisted of sub-basin outfall samples only. The 1990 restudy data for the
Burbank and Wood Center NURP sites also described whole sub-basin runoff and
suspended solids data. These 1980-1982 and 1990 data sets represented whole-
storm runoff volume and flow-composite suspended solids data. The procedures
for data collection and analysis for the 1980-1982 NURP studies is available
- (WDNR, 1983), and the procedures for the 1990 re-study is available from
WDNR. ' o ‘

Data for the 1991 study of the Monroe Street and Syene Road sites was provided
by WDNR and USGS. The 1991 study collected both sub-basin outlet and source
area data. Sub-basin outlet data was collected on a flow-proportional basis.
Source area data was collected by using several techniques. Documentation of -
these data collection and analytical procedures is being prepared by WDNR.

The collected whole sub-basin runoff volume, sdspended'solids and copper
loading data for each watershed are included in the detailed calibration

spreadsheet listings presented in Appendix B.

[mad-603-34c]
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SLAMM MODEL CALIBRATION

4.1 CALIBRATION PROCEDURE -

- 4.1.1 General Approach :

All available data from the 1980-1982 NURP study, from the WDNR USGS
studies of 1990 (for Hastings and Wood Center) in Milwaukee, and the 1991 data
for Monroe Street and Syene Road were used in the SLAMM calibration process.
. Due to the relatively small size of the data sets, they were not divided to permit a
verification analysis. -

The general approach to calibration was to start with data sets dominated by one
source area and land use. Runoff volume was the first parameter to be calibrated,
and was followed by suspended solids and, finally, copper. The objective of the
calibration process was to reproduce the total (multi-storm) loading as closely as
possible, rather than model the range of loadings associated with the largest or
smallest storms in the data set. Summary data describing the accuracy of model
calibrations for runoff and suspended solids is contained in Table 3, and for
copper loading, in Table 4,

‘ The calibration data sets did not include every possible combination of land use
and source area. For this reason, only a portion of the runoff, suspended solids
- and copper loading portions of the SLAMM model were calibrated. The source
~areas and land use categories which were calibrated are specified in Tables 5, 6

and 7 for runoff, suspended solids and copper loading, respectively.

More detailed descriptions of the calibration procedures are presented in Sections
4.1.2 through 4.1.4, and detailed descriptions of calibration results for each
calibration study area presented in Section 4.2.

4.1.2 Runoff Calibration ,

To predict runoff, SLAMM assumes that runoff is an incrementally linear
- function of rain depth, for various runoff source areas. Runoff depth is calculated
as a specified fraction of rainfall, with the fraction varying by rainfall depth. A
total of seventeen rainfall-runoff fractions are used in the model over the rainfall
range 0.0 in. to 4.7+ in. The calibration file to predict runoff was developed by .
determining from the data, for the nine specific source areas and three drainage

SLAMM Model Calibration December 27, 1991 Final Report
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area modifiers listed in Table 5, what fraction of rainfall becomes runoff for a
given rainfall depth. These fractions, or runoff coefficients, were entered in the
runoff coefficient file. The model was then run with the runoff coefficient file,

and the resulting model output compared with the observed data. If the residual
runoff totals (observed value less predicted value) were large, modifications were
‘made to the runoff coefficient file, the model was re-run and the results reviewed
again. This process continued until the results could not be improved upon, or
until no additional changes could be made to runoff coefficients without altering
previously established coefficients. The final set of event-by-event comparisons
for each site can be found in Appendix B. The final runoff coefficient file,

MILWO00.RSV, is listed in Appendix A and is 1ncluded on the diskette in
~ Appendix E.

4.1.3 Suspended Solids Calibration : .

The process used in calibrating suspended sohds was similar to the- process used
for runoff depth. As with runoff, SLAMM assumes that suspended solids
concentrations are-an incremental linear function of rain depth, source area, and,
for suspended solids, land use. The initial calibration file used to predict
suspended solids loadings was developed from collected data by determining, for
the specified source areas and land uses listed in Table 6, the average suspended
solids concentration for a source area in a land use, by rainfall depth. These
particulate sclids concentrations were entered in the particulate sclids
concentration file. The model was then run and the resulting output compared
with the observed data. The primary calibration criteria was to reproduce the
suspended solids loading for the entire data record, as described above. If the
residual loading totals were large, then additional modifications were made to the

- particulate runoff concentration file, the model re-run and the results reviewed.
The closure criteria was similar to that for runoff. This process continued until
the results could not be substantially improved or-until no additional changes

“could be made to particulate solids concentration values without altering
previously established values. The final set of event-by-event comparisons for
each site can be found in Appendix B. The final particulate solids concentrations
file, MILWO00.PSC, is listed in Appendix A and is included on the diskette in
AppendixE. "

The delivery parameter file is used to predict the reduction in suspended solids
loading between the source areas and the outfall which occurs primarily during
smaller rainfall events. The model assumes that the efficiency with which the
drainage system delivers suspended solids to the outfall is a function of rain depth
and the overall delivery system slope and roughness. The final delivery
particulate reduction file, MILWO00.PRR, was developed to allow the model to
reproduce as closely as possible the total suspended solids loading from the study
areas. The original pre-calibration delivery file, DELIVERY.PRR, is also
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included on the disk in Appendix E for informational purposes. Use of the

parameters in the original file DELIVERY.PRR results in slight under-prediction

of total suspended solids loading, compared to MILW0O0.PRR. The final

particulate delivery reduction file, MILWO0O0.PRR is listed in Append1x Aandis -

‘included on the dlskette in Appendix E.

4.1.4 Copper Loading Calibration

~To predict loading from other contaminants (such as copper), SLAMM assumes

that these contaminants are released in two phases: a particulate-adsorbed phase,
and a dissolved phase. The particulate-adsorbed phase loading is calculated as a
specified fraction of the total suspended solids loading, and the dissolved phase as
a concentration value. The calibration file to predict these loadings is developed
by determining, for the specified source areas and land uses listed in Table 7, the

“average concentration values by source area for both the particulate and the

dissolved (or filterable) form of the pollutant. Copper data was available for only
the Monroe Stregt and Syene Road sites for only a few storm events (see Table 1).
For dissolved copper, the geometric mean of individual storm source area

~ dissolved copper values was entered into the pollutant value parameter file for

each available source area. For particulate copper, the geometric mean of the ratio
of particulate copper to suspended solids for all storms was entered into the

. pollutant value parameter file for each available source area. After the initial

model run; modifications-were made only to parameters developed from the
Monroe Street data. :

4.2 Calibration Results -

4:2.1 Summary of Results

Overall, the SLAMM model was calibrated to accurately reproduce the collected
data on a total loading basis:  Figures 1, 2 and 3 illustrate the accuracy of observed
vs. modeled results for runoff volume, suspended sohds loadmg, and total copper

~ loading.

The total predicted runoff from the six Milwaukee 1980-1982 NURP sites and the
Monroe Street site were within 15 percent of the observed total runoff and u‘suzﬂly
less than 10 percent. The model underpredicted the Syene Road industrial s1te
total runoff by 28%.

The predicted total suspended solids loading from the six Milwaukee sites was,

-except for the Rustler commercial study area, within 20% of the observed values

before outliers were removed. After selected outliers were removed, the predicted
value for all six study areas except for the Burbank residential site was within
10% of the observed value. The predicted total suspended solids loading for the

VR
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two Madison study areas were within 10% of the observed values. The following
- discussion summarizes the calibration results for each.site.

The predicted total copper loading was, for the residential Monroe Street study
area, within 1% of the observed total copper loading. The model predicted the
total copper loading for the commercial Syene Road study area to within 11% of
the observed loading.

4.2.2 Summary Table Presentation Format

The results of the SLAMM model calibration for each site are summarized in
Tables 3 and 4. Table 3 first lists the number of rainfall/suspended solids events
recorded at each site and the average depth and the coefficient of variation of the
rainfall events for each site. The rainfall information is included to allow the
reader to quahtauvely compare the average rainfall dcpth to the average runoff
depth.

The next three columns in Table 3 summarize the runoff statistics of total depth,
average depth, and the coefficient of variation for each site. Both the observed
~and the predicted values are listed.” The comparison between the observed and
predicted values is illustrated by both the residual value and the percent difference
between the observed and predicted value. The suspended solids loadings, which
are listed in the final three columns, are described in a similar manner.

The statistics in Table 3 are presented for the site data, with and without outliers.

Outliers for the 1980 to 1982 NURP data from Milwaukee were selected, by

inspection, if the residual was large. Outliers for the 1990 Milwaukee data from

Hastings and Wood Center, and the Monroe Street and Syene Road data, were
defined by a residual value to observed value ratio greater than 4.0. By this

definition, there were no residuals for the Syene Road data.

Table 4 surnmarizes the results of the copper calibrations for the Monroe Street
and Syene Road study areas. These tables list the number of events recorded at
each study area and compares the observed and predicted results for total copper
dissolved copper and particulate copper at each study area.

4.2.3 Post Office Study Area

The post office data set is the largest of the data sets. The average runoff depth

was 91% of the average rainfall depth. The percent difference between the

observed and predicted runoff total depth and the runoff average depth was 2% for

both the entire Post Office data set and the data set less one outlier, indicating that

the outlier did not affect model runoff prediction. The coefficient of variation for
“both sets of runoff data were virtually identical.
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The percent difference between the observed and predicted suspended solids total
values and the average suspended solids values was 11%. This was reduced to
0% after the one outlier was removed because predicted suspended solids for
paved areas (the only Post Office source area) were calibrated to exactly match
the observed values once the outlier was removed from the data set. The
coefficients of variation for the suspended solids data sets after the outlier was
removed were virtually identical.

4.2.4 Rustler Study Area

The Rustler data set, which had paved parkmg and flat roof commercial source
areas, contained 68 runoff values and 67 suspended solids values. The average
runoff depth was 87% of the average rainfall depth. The percent difference
between the observed and predicted runoff total depth and the runoff average
depth was 0% for all data, and 1% for the data set less two outliers, indicating that
the outliers did not affect model runoff prediction. The coefficient of variation for
both sets of runoff data were virtually identical.

The percent difference between the observed and predicted suspended solids total
values and the average suspended solids values for all data was 24%. This was
reduced to 4% after two outliers were removed. The coefficient of variation for
the observed data set was greater than the predicted value coefficient of variation,
indicating that there was greater scatter in the observed data than in the predicted
data. :

4.2.5 Hastings Study Area, 1980-1982 Data

The 1980 to 1982 Hastings data set, which has source areas assocmted with
residential land uses, contained 44 runoff and suspended solids values. The
-average runoff depth was 37% of the average rainfall depth. The percent
difference between the observed and predicted runoff total depth and the runoff
average depth was 7% and 9% respectively, for all data, and 8% and 9%
respectively for the data set less one outliers indicating that the outlier only
slightly affected model runoff predlctlon The coefficient of variation for both
sets of runoff data were snmlar :

The percent difference between the observed and predicted suspended solids total
values and the average suspended solids values for all data-was 18%. This was
reduced to 3% and 2%, respectively, after one outlier was removed. The
- coefficient of variation for the observed data set was greater than the predicted
value coefficient of variation, indicating that there was greater scatter in the
observed data than in the predicted data. :
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4.2.6 Burbank Study Area

The Burbank data set, which has source areas assomated w1th residential land
~uses, contained 51 runoff and suspended solids values. The average runoff depth
was 36% of the average rainfall depth. The percent difference between the
observed and predicted runoff total depth and the runoff average depth was 9%
and 8% respectively, for all data, and 8% and 6% respectively for the data set less
three outliers, indicating that the outliers only slightly affected model runoff
prediction. The coefficient of variation for both sets of runoff data were similar.

The model underpredicted the suspended solids total values and the average
suspended solids values for all data by 11%, and overpredicted the total and
average values by 37% after the three outliers were removed. The coefficient of

“variation for the observed data set was greater than the predicted value coefficient
of variation, indicating that there was greater scatter in the observed data than in
the predicted data.

4.2.7 State Fair Study Area

The State Fair data set, which has source areas associated with residential and
commercial land uses, contained 46 runoff and suspended solids values. The
average runoff depth was 67% of the average rainfall depth. The percent
difference between the observed and predicted runoff total depth and the runoff
average depth was 9% and 10% respectively,for all data, and 8% and 7%
respectively for the data set less one outlier, indicating that the outlier only
slightly affected model runoff prediction. The coefficient of variation for both
sets of runoff data were snmla.r

The model underpredicted the suspended solids total values and the average

suspended solids values for all data by 4%, and overpredicted the total and
-average values by 9% after the outlier was removed. ' The coefficient of variation

for the observed data set was greater than the predicted value coefficient of
variation, indicating that there was greater scatter in the observed data than in the
- predicted data.

4.2.8 Wood Center Study Area, 1980-1982 Data

- The Wood Center data set, which has source areas associated with residential,
commercial, and industrial land uses, contained 61 runoff and suspended solids
values. The average runoff depth was 80% of the average rainfall depth. The
percent difference between the observed and predicted runoff total depth and the
runoff average depth was 15% and 14% respectively, for all data, and 15% and
13% respectively for the data set less two outliers, indicating that the outliers only
slightly affected model runoff prediction. The coefficient of variation for both
sets of runoff data were virtually identical.
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The model underpredicted the suspended solids total values and the average
suspended solids values for.all data by 16%, and nearly matched the observed
total and average values after the two outliers were removed. The coefficient of
variation for the observed data set was greater than the predicted value coefficient
“of variation, indicating that there was greater scatter in the observed data than in
the predicted data. ' :

4.2.9 Hastmgs Study Area, 1990 Data

The 1990 Hastings data set, which has source areas identical to the 1980-1982
data set, contained 13 runoff and suspended solids values. The average observed
runoff depth was 48% of the observed average rainfall depth, 11% more than the
‘runoff-to-rain ratio found in the 1980-1982 Hastings data set. The model
underpredicted the total and average runoff depths by 28% and 29% respectively,
for all data, and 3% and 5% respectively for the data set less two outliers. This
indicated that the outliers had an effect on model runoff prediction. The
difference between the coefficient of variation for the complete data set was 0.40,
while the difference between the coefficient of variation for the data setless
outliers was 0.04, indicating that the outliers had a considerable affect upon the
data scatter. This is to be expected in a small data set.

The model underpredicted the suspended solids total values and the average
* suspended solids values for all-data by 61%, and overpredicted the suspended
solids values by 15% after the two outliers were removed. The coefficient of
variation for the observed data set was greater than the predicted value coefficient
of variation for both the full and truncated data sets, indicating that there was
- greater scatter in the observed data than in the predicted data.

4.2.10. Wood Center Study Area, 1990 Data

The 1990 Wood Center data set, which has source areas 1dent1ca1 to the 1980-
1982 data set, contained 19 runoff and 16 suspended solids values. The average
~observed runoff depth was 54% of the observed average rainfall depth, 6% more
than the runoff-to-rain 'ratio found in the 1980-1982 Wood Center data set. The
model overpredicted the total and average runoff depths by 27% for all data, and
24% and 26% respectively for the data set less four outliers. This indicated that
the outliers had little effect on model runoff prediction. The difference between
" the coefficient of variation for the complete data set was 0.06, while the difference
between the coefficient of variation for the data set less outliers was 0.08,
indicating that the outliers had little affect upon the Scatter of the data.

The model overpredicted the suspended solids total values and the average
suspended solids values for all data by 22%, and underpredicted the suspended
solids values by 5% after the four outliers were removed. The coefficient of
variation for the observed data set was greater than the predicted value coefficient
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of variation for both the full and truncated data sets; indicating that there was
greater scatter in the observed data than in the predicted data. :

- 4.2.11 Monroe Street Study Area

The Monroe Street data set contained 10 runoff and 8 suspended solids values.
The average observed runoff depth was 12% of the observed average rainfall
depth. The model overpredicted the total and average runoff depths by 20% and
25% respectively for all data, and 15% and 0% respectively for the data set less
one outlier. This indicated that the outlier had some effect on model runoff
prediction. The coefficient of variation for the observed values was similar to the
predicted value coefficient of variation for both the complete data set and the
truncated data set. This indicated that the predicted runoff scatter was similar to
the observed runoff scatter for both the complete data set and the truncated data
set. ' ' '

The model overpredicted the suspended solids total values and the average
suspended solids values for all data by 4% and underpredicted the suspended
solids values by 9% after the outlier was removed. The coefficient of variation
for the observed data set was greater than the predicted value coefficient of
variation for both the full and truncated data sets, indicafing that there was greater
scatter in the observed data than in the predicted data. ,

- The calibrated model nearly exactly reproduced the observed total copper loading
for Monroe Street. The calibrated model slightly over-predicted the dissolved
copper loading and slightly under-predicted the particulate copper loading. A
complete listing of the copper calibration results at the outfall is included in
Appendix B. ' ’

4.2.12 Syene Road Study Area

- The Syene Road data set contained 11 runoff and suspended solids values. The
average observed runoff depth was 68% of the observed average rainfall depth.
The model underpredicted the total and average runoff depths by 28% and 27%
- respectively for all data. The coefficient of variation for the observed values was
similar to the predicted coefficient of variation for the complete data set,
indicating that the predicted runoff scatter was similar to the observed runoff
~ scatter. No outliers were removed from this data set.

The model overpredicted the suspended solids total values and the average
suspended solids values for all data by 8%. The coefficient of variation for the
observed data set was somewhat greater than the predicted coefficient of
variation, indicating that there was greater scatter in the observed data than in the
predicted data.
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The calibrated model over-predicted the total copper loading at the Syene Road
study area by 11% overall, with over-prediction of dissolved copper loading by
21% and over-prediction of particulate copper loading by 5%. A complete listing
of the copper calibration results at the outfall is included in Appendix B.

[mad-603-34d]
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SL.AMM MODEL
EXAMPLE APPLICATION

5.1 OBJECTIVE AND PROCEDURE

The example apphcatlon of the calibrated SLAMM model is intended to illustrate
the use and output of the model, and also to illustrate several of the significant
features of stormwater runoff quality using the model output. The test sub-basins -
were drawn from the same geographic area as the calibration data, and also
incorporated many of the land uses and source areas which were calibrated in this
project.

The input data for the example applications was generated by WDNR, using
available land use, soils and mapping/aerial photography data. The input data
files were run using the calibrated model by WDNR and Warzyn, and are
presented below with a discussion of results.

5.2 EXAMPLE SUB-BASIN DESCRIPTION

Two example sub-basins in the Menomonee River sub-basin were selected by
"WDNR to provide demonstration applications for SLAMM. These sub-basins are
located in the Lilly Creek sub-basin of the Menomonee River watershed, which is
located in the Village of Menomonee Falls near the Milwaukee County -
Waukesha County border in southeastern Wisconsin. The Lilly Creek sub-basin
has a drainage area of approximately six square miles, of Wthh approximately
50% has undergone some form of development

The two example sub-basins were labeled as LILLYC and LILLYG for use in the
model. LILLYC is a 207 acre mixed-land use sub-basin consisting of
* approximately 44% residential, 6% commercial, 36% industrial, and 14% open
space land uses. LILLYG is a 67 acre residential land use sub-basin.
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5.3 SLAMM MODEL INPUT

The source areas within each land use were determined by applying land use
description base files to measured land use areas for each sub-basin. These files
are based upon average source area characteristics for each land use which were
developed by WDNR, and contain average fractional unit-area and other source
area-specific information needed to create SLAMM site description.data files.
These source area fractional unit-area values for each land use are multiplied by
the measured areas and entered into a site description file for the sub-basin. The
two site description files are included in Appendix C, and electronic copies are
also included on the diskette in Appendix E.

The rainfall data used in conjunction with the site description file for the
demonstration model runs is developed from rainfall data from 1981 collected at
Mitchell Field in Milwaukee. This rainfall data file is included in the diskette in
Appendix E.

5.4 RESULTS OF EXAMPLE APPLICATION

The application of the SLAMM model to the two sub-basins results in predictions
of total runoff, suspended solids loading and copper loading from the sub-basins,
as summarized in Table 8. This table indicates one of the primary uses of the
model: direct prediction of stormwater pollutant loading rates to sub-basin
steams. The loading rates presented in Table 8 would used in the decision-
making process to promote particular retrofit or future development area
stormwater management practice strategies. The model output for all source areas
for each example application is included in Appendix C.

The model output also illustratcs several important features typical of urban
stormwater, as illustrated in Figures 4 and 5. These figures illustrate that, for both

sub-basins, the following are dominant features of stormwater quality:

» Previous areas such as lawns are a large fraction of the sub-basin area, but
~produce very low suspended solids and copper loading.

» Street areas dominate in the production of pollutants, substantially in
excess of their percentage of area in the sub-basins.

* Roof areas (and, to some extent, parking areas) produce substantial runoff,
but much lower suspended solids and copper loading than street areas.

[mad-603-34e]
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6 :
CONCLUSIONS

6.1 SLAMM MODEL ACCURACY

The SLAMM Model, as calibrated in this study, was generally accurate in
reproducing collected data from the ten sub-basin study areas. Runoff depth data
was reproduced to within 15% of the observed-data for all study area sub-basins.
The modeled total suspended solids loading was generally within 20% of
observed data. Modeled total copper loading for the observed storms for the
Syene Road and Monroe Street sub-basins was within 11% of the collected data.
These predictive accuracies are appropriate for planning-level analysis of
stormwater quality.

. 6.2 EXTENT OF CALIBRATION

Not all of the source area and land use stormwater quality generation options
available in SLAMM could be calibrated given the extent of the study area data.
Almost all runoff sources were calibrated, while less than half of the suspended
solids and copper sources were calibrated. None of the stormwater management
practice algorithms were calibrated due to the lack of data for the practices. Thus,
some of the model land use/source area options retain the original parameters
developed by WDNR. Further, due to the limited amount of data, none of the
source area/land use stormwater quality prediction options that were calibrated
were subjected to "blind" verification testing.

6.3 ISSUES TO BE CONSIDERED IN |
THE FUTURE DEVELOPMENT OF THE SLAMM MODEL

Based on the experience gained during the conduct of this project, the following
issues are proposed for consideration as the SLAMM model is further developed.
The first set of issues may be regarded as conceptualization issues, which may
need much expanded data bases for adequate evaluation. These issues include:

 Adsorption of pollutants to suspended solids may be strongly influenced
by the clay mineral and organic matter content of the solids. If data can be
obtained for model development, it may be appropriate to model
suspended solids generation using several size fractions, and possibly
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organic matter content classes. Pollutant absorption .parameters/ could then
be linked to these size and content classes.

* Because of the general lack of data in many locations in the state, a

"~ reduction in the number of pafamcters describing rainfall/runoff and

rainfall/suspended solids generation may be useful. This simplification

. could take the form of two- or three-parameter analytical expression option
in addition to the current procedures. :

* The addition of a description. of the probability distribution of water
quality parameters in the model output would aid the interpretation of
possible variations in water quality.

*  Since runoff water quality from streets is so large a factor in overall sub-
basin response, additional data collection and the refinement of model
algorithms should emphasize street areas. A refinement might include
increasing the responsiveness of the street source areas in the model to

~ traffic volume. '

s Currently, the model allows infiltration rates for pervious areas associated
with A/B soils and pervious areas associated with C/D soils. To increase
runoff prediction flexibility as additional data becomes available, a
modification to the model would be to increase the model runoff
prediction ability by allowing the model to predict runoff based upon
additional series of infiltration rates, and possibly accounting for
antecedent moisture conditions. ' .

* - Add control practices such as swales to individual source areas or land
© uses. : o

e Linkup SLAMM output with an in-stream conéentration prediction model
by creating a SLAMM output format that would be compatible with the
selected in-stream model.

* The balance of the contaminated runoff not accounted for by runoff either
evaporates or infiltrates to groundwater. Therefore, the model might be
useful as an indicator of potential sources of stormwater contamination in
groundwater. ' '

Additional issues are related to the calibration-and verification of the SLAMM
model as it is currently configured. These issues include: °

-* -Updating and upgrading the existing model documentation.
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* The calibration data utilized in this study represents two communities in
~southern Wisconsin. As such, soils, traffic, urban design or municipal
management practices peculiar to the Milwaukee and Madison areas may
be implicitly present in the calibrated parameters. A calibration data base
drawn from a much wider geographic extent would tend to remove the
potential bias in the current calibration. o

. » Additional data is needed to calibrate several land use/source area
combinations. The model should be able to predict contaminant loadings
for such pollutants as zinc, copper, chromium, cadmium, BOD, COD,
nitrogen, phosphorus, suspended solids, and ammonia.

* Calibration of many management practice parameters may be difficult
given the extent of current databases, because there is little data
specifically comparing identical sites with and without management
practices. Consequently, additional data and analysis of these practices
should be performed.

* Development of a large enough databasé to allow independent
calibration/verification analyses would further enhance documentation of

the model.

[mad-603-34f]
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Table 2
Fraction of Roof and Driveway Surfaces not
- Directly Connected to Storm Sewer System,

from Field Observations

Percent of Source Area

Surface not Directly
Study Area Source Area : Connected to Storm Sewers
: Mean Median
Hastings Driveways 37 40
Garage Roofs 87 . 100
Residence Roofs 77 | 100
BurBank Driveways 36 - 40
' ' Garage Roofs 78 100
Residence Roofs 78 ' 100
State Fair Garage Roofs ‘ 24 25
Residence Roofs (entire roof) v 60 70
“Residence Roofs (front half only) 75 80
Wood Center- 'Garage Roofs : 16 S 0
Residence Roofs (entire roof) . 45 50
Residence Roofs (front half only) ) 46 50

Notes:
(1)) Data coﬂcéted from site visits on July 19, 1991 and August 1, 1991
JGV/kmUTAB
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