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Table 1. SWMM model parameters and descriptions, from James et al. (1998), and the source from which we obtained
values for the Miller Creek model.

Parameter
Group

General Parameters

PCTZER
VAP

Channel/Pipe Data
NPG

GWIDTH
GLEN
G3
GS1
GS2

G6

DFULL
GDEPTH

Subcatchment Data
WIDTH
AREA
%IMP
SLOPE

IMPN

PERVN

‘OS

PDS
SUCT
HYDCON
SMDMAX

BELEV
GRELEV
STG

BC
1W

Al

BI

A2

82

A3

POR
WP
FC
HKSPJ
TH 1

HCO

Percent of impervious area with zero detention storage.
Monthly Evaporation Rates

Type of channel or pipe.

Bottom width of trapezoidal channel, diameter of pipes.
Length of channel/pipe, ft.
invert slope, tUft (dimensionless).
Left-hand side slope, ft/ft.
Right-hand side slope, ft/ft.

Mannings roughness coefficient.

Depth of channel when full, ft.
Starting depth of pipelchanriel, ft.

Width of subcatchment, ft.
Area of subcatchment, acres.
Percent imperviousness of subcatchment.
Ground slope, ft/ft (dimensionless).

Impervious area Manning’s roughness.

Pervious area Manning’s roughness.

Impervious area depression storage, in.

Pervious area depression storage, in.
Average capillary suction, in. of water.
Saturated hydraulic conductivity of soil, in/hr.
Initial soil moisture deficit, vol air/vol voids.

Elevation of bottom of water table aquifer, ft.
Elevation of ground surface, ft.
Elevation of initial water table stage, ft.

Elevation of channel bottom or threshold stage for
groundwater flow
Channel water influence parameter.

Groundwater flow coefficient, in/hr-ft”Bl.

Groundwater flow exponent, dimensionless.

Coefficient for channel water influence, 1n/hrftAB2

Exponent for channel water influence, dimensionless.

Coefficient for the cross product between groundwater
flow and channel water, in/hr-ft2

Porosity expressed as a fraction.
Wilting point expressed as a fraction.
Field capacity expressed as a fraction.
Saturated hydraulic conductivity, inihr.
Initial upper zone moisture expressed as a fraction.

Hydraulic conductivity vs. moisture content curve fitting
parameter

Default value, then used in calibration
90% of Minneapolis evaporation rates

stormsewer maps, first-hand knowledge

some channels measured, stormsewers from City data,
estimated for others.
GIS stream and stormsewer maps
G1S elevation maps, City data for stormsewers
estimated
estimated

estimated based on substrate and roughness values in
Haan et al. (1994)
some channels measured, stormsewers from City data,
estimated for others.
estimated; stormsewers set to 0

Calculated using G1S as described in Fig. 3
GIS subcatchment map
GIS GAP landuse map
GIS elevation map

estimated from GIS anduse, DOQ’s, and value tables
in Haan et al. (1994).
estimated from GIS landuse, DOQs, and value tables
in Haan et al. (1994).

calibration parameter; initial values from tables in
James et al. (1998)
calibration parameter; initial values from tables in
Jamesetal.(1998)
NRCS soil surveys, tables in Rawis et al. (1983)
NRCS soil surveys, tables in Rawis et al. (1983)
NRCS soil surveys, tables in James et al. (1998)

Estimated using techniques in James et al. (1998);
used in calibration.
Estimated using techniques in James et al. (1998).
Estimated and used in calibration

Estimated and used in calibration
Estimated and used in calibration

Calculated as recommended for infiltration and
drainage to adjacent channel in James et al. (1998)
and used in calibration.

Calculated as recommended for infiltration and
drainage to adjacent channel in James et al. (1998)
and used in calibration.

Calculated as recommended for infiltration and
drainage to adjacent channel in James et al. (1998)
and used in calibration.

Calculated as recommended for infiltration and
drainage to adjacent channel in James et al. (1998)
and used in calibration.

Calculated as recommended for infiltration and
drainage to adjacent channel in James et al. (1998)
and used in calibration.
Calculated from Soil Survey size fraction information
and equations in James et al. (1992).
Tables in James et al. (1998)
Tables in James et al. (1998)
NRCS soil surveys, tables in Rawls et al. (1983)
Estimated and used in calibration

Estimated from other models and used in calibration

Variable Code Description Source

PCO Average slope of tension versus soil moisture curve Estimated from other models and used in calibration



CET Fraction of maximum ET rate assigned to the upper zone. Estimated from other models and used in calibration

Coefficient for unquantified losses,

Maximum depth over which significant lower zone
transpiration occurs.

Number of dry days prior to start of storm.
Average individual catchbasin storage volume, ft3.

Dry days required to recharge catchbasin concentrations
to initial concentrations.
For erosion, highest average 30-minute rainfall intensity
during the period modeled.
Street sweeping efficiency (removal fraction) for dust and

REFFDD dirt
KLNBGN Day of year on which street sweeping begins.
KLNEND Day of year on which street sweeping ends.

Dust and Dirt BuUdup (resu(ts not used)
DDLIM Limiting buildup quantity.
DDPOW Power or exponent.
DDFACT Coefficient.
CLFREQ Cleaning interval, days.
AVSWP Availability factor, fraction
DSLCL Days since last cleaning, DSLCL < CLFREQ

Pollutant-Specific Parameters (entered for each modeled pollutant)
Pollutant Buildup
Rate Pollutant-specific buildup rates (several parameters)

Pollutant-specific washoff rate (several parameters)
Initial catchbasin concentration.

Area of subcatchment subject to erosion, acres.

Flow distance in feet from point of origin of overland flow
over erodible areas to point at which runoff enters pipe or
channel.
Soil factor ‘K.
Cropping management factor ‘C’.
Control practice factor ‘P.

Quality Data
Land use classification
Number of catchbasins in subcatchment.

Total curb length within subcatchment (hundreds of feet)
Initial loading, first through last constituent.
Fraction of each landuse in each subcatchment

Estimated from other models and used in calibration

Estimated from other models and used in calibration

Rainfall data
Estimated from other models

Estimated from other models

Measured from rainfall data.

Values taken from table In James et al. (1998)
Estimated
Estimated

Estimated; Dust and dirt not used in model.
Estimated; Dust and dirt not used in model.
Estimated; Dust and dirt not used in model.
Estimated; Dust and dirt not used in model.
Estimated; Dust and dirt not used in model.
Estimated; Dust and dirt not used in model.

Calculated from MPCA data

Minneapolis, MN model
Minneapolis, MN model

values taken from a model for Minneapolis, MN for
N03 and Tot-P; assumed 0 for TSS and TDS.
Minneapolis, MN model

Assumed 0 for TSS, N03, and Tot-P, estimated and
calibrated for TDS.

GIS: Gap land use

GIS: channel and landuse maps
Table in James et al. (1998) for each soil type
Table in James et al. (1998) for each soil type
Table in James et al. (1998) for each soil type

GIS: GAP landuse, DOQ’s, first-hand knowledge
City of Duluth-provided GIS data

GIS: road maps
set to 0
GIS: GAP landuse, DOQ’s, first-hand knowledge

DP

DET
General Quality Parameters

DRYDA”(
CBVOL

DRYBSN

RAINIT

Pollutant
Washoff Rates
CBFACT

CONCRN
REFF

Concentration in precipitation.
Street sweeping efficiency (removal fraction)

Groundwater
Pollutant
Concentrations Groundwater Pollutant Concentrations

Erosion Data (results not used)
ERODAR

ERLEN
SOILF

CROPMF
CONTPF

Subcatchment Surface
KL
BASlNS(N)

GQLEN(N)

PSHED
PLAND



Fig. 2. Comparison of the DNR and NWS hourly precipitation data for two storms in
1997. Minor tics mark hours.
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Fig. 1 1 . Calibration data for quality parameters. MPCA data are loads measured by the MPCA,
and SVVT\/IM data is the resulting loads predicted by SVVMM for the same storm. Only one storm
was available for calibrating commercial areas. Two storms were used for industrial and
residential land uses. Natural areas were calibrated as a percent of residential buildup.
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Fig. 19. Miller Creek watershed with the modeled hydrograph for the Miller Creek outlet to the
St. Louis River for the 2 year, 6 hour design storm event.
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Table 4. Scenario descriptions and details for each of the scenarios presented. The scenario names are
used in the text and figures to identify a specific scenario.

Name Description

Changes were made in the % impervious and % commercial area over the entire basin.
Changes were a 5, 10, and 50% increase, and 5% decrease in the % impeivious and %
commercial. These percentages were added to (or subtracted from) the existing

IMPERV amounts of commercial I impervious areas and taken from the existing natural
/impervious areas. for example, if only 6% of the subcatchment was natural, 5% was
added to the commercial percentage for the 5% increase, but only 6% for the I 0 and
50% increases.

Upper and Middle Basin tributaries (above Chambersburg St) were converted into
stormsewers by: changing channels to pipes, reducing roughness to 0.014 and

TRIBSEW
decreasing length/increasing slope in unchannelized segments. NO changes were
made in the mainstem. Pipes were sized to eliminate surcharging. Time increased an
extra day to accommodate tails of flows, ponds were left in place, and culverts were set
to the same size as pipes.

Detention ponds were added to each modeled Miller Creek tributaries from headwaters
to Chambersburg St. Ponds were exact same size, with same outlet, as exists for the
Miller Hill Mall (basin # 17). Ponds were put in placejust before tub entered Miller

DETPOND Creek, and downstream (and in addition to) any existing features such as natural ponds,
culverts, etc. Stoimsewered sectio’ns had detention ponds added as well. Where
multiple tnbs combined before entering Miller Creek, each tributary had a pond added
PRIOR to thejoining ofthe tributaries (i.e. basins 14,15,16)

Combination scenario, which includes 10% increase in impervious and commercial

COMBO areas, channelized Miller Cr (500 ft fractal; includes resulting slope increases), and
tributaries in upper basin converted to stormsewers (as in TRIBSEW model). Model
output for two days to incorporate longer flow tails.

Combination scenario which includes all COMBO scenario alterations and potential best
management practices (BMP’s): detention ponds at end of all upper basin tributaries,

COMBOBMP increased mainstem channel roughness, increased roughness and storage of
impervious surfaces, and tributary stormsewers roughness increased to 0.0255
(corresponding to the maximum roughness for pipes in Haan et al 1994).

Buildup rates of Tot-P in residential landuses were increased and decreased by 10% (in
RESIDENT QFACT 3 in line J3 of model) for both high-density and low-density residential landuses.

Only Total Phosphorus was affected.
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