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1.0  Executive Summary 

This report describes the results of the hydrologic, hydraulic, and surface water quality modeling 

analyses completed by Barr Engineering Co. for the Airport South Drainage District (ASDD) within 

the City of Bloomington. Previous modeling analyses completed for the ASDD include an 

XP-SWMM hydrologic and hydrologic model (originally developed and calibrated in 1998, and 

updated in 2002 and 2005) and a P8 water quality model (completed in 2003). As part of this project, 

the previously-developed models have been verified and/or updated to reflect the most current land 

use conditions and available data. 

The ASDD is located in the northeastern corner of the City of Bloomington, bounded by Interstate-

494 (I-494) to the north, Trunk Highway (TH) 77 (Cedar Avenue) to the west and the Minnesota 

River to the south and east (see Figure 2-1). The approximately 1,000-acre drainage district is a 

composite of commercial, industrial, residential, recreational, and conservation land uses, including 

portions of the Minnesota Valley National Wildlife Refuge and adjoining bluff land area. The ASDD 

receives stormwater inflows from the adjacent Smith Pond Drainage District, located west of TH 77 

and south of I-494 

The hydrology and hydraulics of the ASDD was modeled using XP-SWMM, Version 6.0, which uses 

rainfall and watershed information to generate runoff that is routed simultaneously through 

complicated pipe and overland flow networks. The water quantity modeling was used to help assess 

the flow patterns within the complex storm sewer network in the ASDD. The model was also used to 

evaluate the capacity of the existing storm sewer systems and assess whether the systems meet the 

desired level of service and protection. Surcharged conditions resulting from the 2-, 10-, and/or 100-

year frequency events were identified for portions of the ASDD storm sewer network. The XP-

SWMM model was also used to predict flood elevations of ponding basins and identify areas of 

inundation, such as streets and parking lots, from the 100-year frequency event. As future 

redevelopment occurs within the ASDD, the hydrologic and hydraulic modeling results can be used 

to identify and further refine stormwater management improvements. 

In 2002, the City of Bloomington initiated the Bloomington Airport South District Storm Water 

Treatment Feasibility Study (SRF, 2002), which 1) evaluated the effectiveness of storm water 

treatment systems existing at the time, and 2) assessed future treatment strategies to maintain or 

improve the quality of water being discharged to Long Meadow Lake, part of the U.S. Fish and 
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Wildlife Service National Wildlife Refuge. The P8 model originally developed for the feasibility 

study was updated as part of this project to reflect the current conditions within the ASDD, including 

additional on-site stormwater treatment systems and recent upgrades to Pond C. The model was 

converted to the most recent P8 version (Version 3.4) and used to 1) estimate the quantity and quality 

of the surface runoff in the ASDD, and 2) evaluate the removal efficiencies of the existing water 

quality treatment systems for an ‘average’ climatic year and the 2-year, 24-hour Soil Conservation 

Service (SCS) Type II storm event. 

Since much of the ASDD developed well before the era of water quality treatment requirements, 

stormwater runoff from portions of the area has historically received little or no water quality 

treatment prior to discharge into downstream Long Meadow Lake. However, the City’s 

implementation of onsite water quality treatment requirements for more recent development and 

redevelopment projects and construction of regional water quality treatment basins have resulted in a 

reduction in ‘untreated areas’ and improvements in the quality of water discharged to Long Meadow 

Lake. The P8 modeling results indicate that through on-site and regional Best Management Practices 

(BMPs) and naturally occurring wetlands, approximately 52% of the annual total phosphorus and 

80% of the total suspended solids loads generated from the Smith Pond and Airport South Drainage 

Districts are removed prior to discharge to downstream Long Meadow Lake.  
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2.0  Background and Purpose 

This report describes the results of the hydrologic, hydraulic, and surface water quality modeling 

analyses completed by Barr Engineering Co. for the Airport South Drainage District (ASDD) within 

the City of Bloomington. Previous modeling analyses completed for the ASDD include an 

XP-SWMM hydrologic and hydrologic model (originally developed and calibrated in 1998, and 

updated in 2002 and 2005) and a P8 water quality model (completed in 2003). As part of this project, 

the previously-developed models have been verified and/or updated to reflect the most current land 

use conditions and available data. 

The ASDD is located in the northeastern corner of the City of Bloomington, bounded by I-494 to the 

north, Trunk Highway (TH) 77 (Cedar Avenue) to the west and the Minnesota River to the south and 

east (see Figure 2-1). The approximately 1,000-acre drainage district is a composite of commercial, 

industrial, residential, recreational, and conservation land uses. The developed portions of the 

drainage district include high-density retail development such as the Mall of America, a large number 

of hotels due to the proximity to the Minneapolis-St. Paul International Airport (MSP), high-density 

office and mixed-use space, and a low density residential land use area in the southern portion of the 

district. The ASDD also encompasses portions of the Minnesota Valley National Wildlife Refuge and 

adjoining bluff land area. 

2.1 Drainage Patterns 
Stormwater runoff from the Airport South Drainage District is conveyed from the area through a 

complex storm sewer network that has been repeatedly modified and improved in the past fifty years 

as development and redevelopment has occurred in the area. There are several locations throughout 

the Airport South storm sewer network where flow is redirected to alternate trunk storm sewer 

systems during large, high-flow runoff events. The main flow redirection junctions are identified in 

Figure 2-1. Stormwater runoff from the ASDD ultimately drains to Long Meadow Lake, located 

within the Minnesota River floodplain, through four outfalls that are operated and maintained by the 

City of Bloomington (see Figure 2-1). 

The northeastern corner of the ASDD drains to the 80th Street trunk storm sewer system, which 

discharges to the north side of Long Meadow Lake via a 48-inch reinforced concrete pipe (RCP). The 

drainage area to the 80th Street system generally consists of commercial land use (hotels, office 
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space, parking facilities). Runoff from this area receives limited water quality treatment prior to 

being discharged to Long Meadow Lake. The City recently installed an in-line underground 

stormwater treatment structure just east of 80th Street to remove pollutants from the runoff during 

low flow runoff events. 

The Ceridian storm sewer outfall is located to the southwest of the 80th Street outfall and also 

discharges to Long Meadow Lake (Figure 2-1). The 36-inch corrugated metal pipe (CMP) system 

conveys runoff from the Ceridian property, the Health Partners redevelopment site, and an adjacent 

residential area. Runoff from a large portion of the drainage area receives onsite stormwater 

treatment, but no regional treatment is provided prior to discharge into Long Meadow Lake. 

The Hogback trunk storm sewer is a large system that drains stormwater runoff from primarily high-

density commercial and industrial areas within the ASDD, including a significant portion of the 

runoff from the Mall of America site. The storm sewer system consists of a 72-inch RCP system that 

conveys stormwater to the steep, unnamed ravine, with a 54-inch RCP located within the ravine, then 

a 72-inch outlet to Hogback Ridge Pond. The Hogback Ridge Pond, which is operated and 

maintained by the U.S. Fish and Wildlife Service (USFWS), ultimately discharges to Long Meadow 

Lake through a control structure located on the southwest side of the pond. 

Pond C is a large regional stormwater detention pond located at the base of the bluff, just east of 

TH 77 (Cedar Avenue). Pond C receives stormwater from a significant portion of the ASDD, 

including portions of the commercial area surrounding the Mall of America, the residential area south 

of the Mall of America and generally west of Old Shakopee Road, drainage from TH 77 (Cedar 

Avenue) and inflows from the neighboring Smith Pond Drainage District located west of TH 77. 

Discharge from Pond C is conveyed to Long Meadow Lake through a 54-inch RCP. 

2.2 Water Quality Treatment 
In 2002, the City of Bloomington initiated the Bloomington Airport South District Storm Water 

Treatment Feasibility Study (SRF, 2002), which 1) evaluated the effectiveness of storm water 

treatment systems existing at the time, and 2) assessed future treatment strategies to maintain or 

improve the quality of water being discharged to Long Meadow Lake, part of the U.S. Fish and 

Wildlife Service National Wildlife Refuge. The feasibility study included the ASDD and the adjacent 

Smith Pond and Wright’s Lake drainage areas to the west. The study evaluated several regional water 

quality treatment scenarios to assess future treatment opportunities, and made recommendations for 
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stormwater treatment improvements. Among the recommendations were to upgrade Pond C, a 

regional stormwater treatment pond located just northeast of the TH 77 Bridge crossing the 

Minnesota River, within the Minnesota Department of Transportation (Mn/DOT) right-of-way. The 

City of Bloomington completed the recommended upgrades to Pond C in 2007. 

The previously developed P8 model was updated to reflect the current conditions within the ASDD, 

including additional on-site stormwater treatment systems and recent upgrades to Pond C. No 

changes were made to the portions of the model representing the Smith Pond Drainage District. The 

model was converted to the most recent P8 version (Version 3.4), to simulate the quantity and quality 

of the surface runoff in the ASDD and evaluate the average annual removal efficiency of the existing 

water quality treatment systems. The runoff quality and system treatment efficiencies were also 

evaluated for the 2-year, 24-hour Soil Conservation Service (SCS) Type II storm event. 
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3.0 Methodology for Hydrologic/Hydraulic Modeling 

3.1 XP-SWMM Computer Model  
The US E.P.A.’s Storm Water Management Model (SWMM), with a computerized graphical 

interface provided by XP Software (XP-SWMM), was used to model the hydrology and hydraulics of 

the ASDD. XP-SWMM uses rainfall and watershed information to generate runoff that is routed 

simultaneously through complicated pipe and overland flow networks. The model can account for 

detention in ponding areas, backwater conditions, surcharging of manholes, and backflow through 

pipes, all of which do occur within the study area. XP-SWMM Version 10.6 was used to 

simultaneously model the storm sewer and overland flow systems within the ASDD.  

3.2 Hydrologic Modeling  
Generation of storm water runoff was simulated using the SWMM Runoff Non-linear Reservoir 

Method in the XP-SWMM software. This method simulates hydrologic processes to determine the 

amount of rainfall that will infiltrate, evaporate, or remain on the ground surface and the amount of 

rainfall that will leave the watershed as runoff throughout the duration of a precipitation event. To 

predict the rate and volume of stormwater runoff from a watershed, it is necessary to develop input 

parameters to describe the physical characteristics of the watershed that impact the hydrologic 

processes. These input parameters are developed for each sub-drainage basin and are used to generate 

inflow hydrographs at various points in the stormwater system. Three major types of information are 

required by XP-SWMM for hydrologic modeling: (1) watershed data, (2) inputs regarding hydrologic 

processes, and (3) rainfall data. The methodologies used to develop the main hydrologic input 

parameters for these categories used are described in the following sections. 

3.2.1 Watershed Data  
Examination of the watershed characteristics for the study area involved assessments of topography 

and drainage patterns, soil types, land use and residential density, and the impervious fraction of the 

land in the watershed. ArcView geographic information system (GIS) software was used extensively 

in assessing the watershed characteristics.  
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3.2.1.1  Verify Existing and Delineate Additional Sub-Drainage Basins 

The accuracy of hydrologic and hydraulic modeling is highly dependent upon the quality of the data 

input to the model. As such, it is important to delineate the contributing areas (sub-drainage basins) 

using the best information available, including topographic data and storm sewer information. The 

sub-drainage basins from previous modeling efforts were evaluated and revised based on the digital 

two-foot contour interval topographic data (1995, updated in 2005), 2006 orthophotography, and 

digital storm sewer system data. Significant revisions were made to the sub-drainage basins 

throughout much of the study area, based on the availability of digital storm sewer mapping for both 

the public and private storm sewer systems and updated topographic information. Sub-drainage 

basins were delineated at a scale that represents the direct drainage area to low points in the streets 

and other ponding areas (such as wetlands, ponds, parking lots), and at key connections to the storm 

sewer system. In areas where the direction of flow was not clear based on the digital topographic 

data, sub-drainage basin delineations were field verified. The delineated sub-drainage basins are 

shown in Figure 3-1. 

Other revisions made to the delineation of sub-drainage basins reflected recent changes in land use 

based on 2006 orthophotography, as-built construction plans, or other development documents 

provided by the City of Bloomington. Examples of these areas include the Metropolitan Airports 

Commission (MAC) Runway Protection Zone (RPZ) area (north of American Boulevard and west of 

24th Avenue), the IKEA retail development, the Minnesota Department of Transportation (Mn/DOT) 

Hiawatha Light Rail Transit (LRT) corridor, and the Bloomington Central Station redevelopment 

project. The Bloomington Central Station redevelopment project encompasses approximately 54 

acres and includes the area known as the “Health Partners Campus”. The Bloomington Central 

Station redevelopment is being completed in a phased approach. The XP-SWMM model and related 

sub-drainage basin delineation have been updated to reflect completion of Phase 1 of the 

redevelopment, which represented ‘existing conditions’ at the time of the model development. 

3.2.1.2 Land Use / Imperviousness 

The imperviousness of a watershed is a key parameter in predicting the amount of runoff generated. 

The quantity of runoff generated from different land uses varies based on the imperviousness of the 

land. Land use characterized by high imperviousness (e.g., commercial areas) will generate higher 

runoff rates and volumes than land uses with lower imperviousness (e.g., residential areas).  
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The percentage of impervious area was estimated for each individual sub-drainage basin as an input 

parameter for the hydrologic model. The imperviousness of each sub-drainage basin was estimated 

using land use data for existing (2007) conditions. The 2007 land use used for the modeling update 

was originally developed for the City of Bloomington Nondegradation Loading Assessment Report 

(Barr Engineering Co., 2007). This land use layer was created based on 2007 parcel-based land use 

provided by the City of Bloomington. This land use layer was verified against the 2006 aerial photo, 

and for areas in question, the land use was field-verified and adjusted as necessary. The 2007 land 

use data includes the following categories: agriculture, commercial, developed park, forest, 

grassland, high-density residential, highway, industrial, institutional, low-density residential, 

medium-density residential, and water/wetland.  

The existing (2007) land use information was used to estimate the total amount of impervious area 

within each sub-drainage basin as well as the amount of directly-connected impervious area. The 

directly-connected impervious fraction consists of the impervious surfaces that are “connected” 

directly to stormwater conveyance systems, meaning that flows do not cross over pervious areas. The 

total impervious and directly-connected impervious percentages used for the ASDD are consistent 

with the values applied for the Nine Mile Creek/Bloomington Use Attainability Analysis (UAA) (Barr 

Engineering Co., 2001).  

The impervious percentages by land use as developed for the Nondegradation Loading Assessment 

Report (Barr Engineering Co., 2007) were not used for this study, with exception of the impervious 

percentage for agricultural land use. This was because the percentages by land use were typically 

lower than the values assumed in the Nine Mile Creek/Bloomington UAA. The values used in the 

Nondegradation Loading Assessment Report were based on a city-wide analysis comparing the City’s 

land use coverage with the 2002 Metropolitan Council imperviousness coverage for the Twin Cities 

metro area. However, land use within the ASDD is generally very dense with large amounts of 

imperviousness. Therefore, the higher impervious percentages for each land use were applied and 

verified through the calibration process (see Section 3.4). 

Table 3-1 summarizes the Existing (2007) Bloomington land use categories within the ASDD and the 

associated total impervious and directly-connected impervious percentages.  
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Table 3-1 Percent Imperviousness by Land Use 

Land Use 
Total Impervious 

Percentage 
Directly Connected 

Impervious Percentage 
Agriculture 9 0 
Commercial 90 80 
Commercial- Mall of America 100 100 
Developed Park 2 0 
Forest 2 0 
Grassland 2 0 
High Density Residential 70 40 
Highway 50 50 
Industrial 90 80 
Institutional 40 20 
Low Density Residential 40 20 
Medium Density Residential 55 30 
Open Water 100 0 
 

3.2.1.3 Watershed Width and Slope 

The SWMM Runoff Non-linear Reservoir Method was used as the hydrograph generation method. 

This method computes outflow as the product of velocity, depth and a watershed width factor. The 

watershed “width” in XP-SWMM is defined as twice the length of the main drainage channel, with 

adjustments made for watersheds that are skewed (i.e., the areas on both sides of the main drainage 

channel are not equal). This factor is a key parameter in determining the shape of the hydrograph for 

each watershed and is often used as a calibration parameter. To determine the width parameter, the 

main drainage channel for each watershed was digitized in ArcView and a customized ArcView 

script was used to calculate the width based on the skew of the drainage path within the 

subwatershed. This methodology for calculation of the ‘width’ parameter is consistent with the 

approach used in the other areas modeled by Barr Engineering Co. within the City of Bloomington.  

The subcatchment slope should reflect the average slope of the individual sub-drainage basin. The 

average slope (ft/ft) for each sub-drainage basin was calculated in ArcView Spatial Analyst using a 

digital elevation model (DEM) developed from the City’s 2005 digital two-foot contour interval 

topographic data. The DEM data is in a grid format and the area-weighted average slope was 

calculated by measuring the differences in elevation between each grid cell within each individual 

sub-drainage basin.  
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Calculating average subcatchment slope using a DEM in ArcView greatly minimizes the amount of 

effort required to generate this watershed input. Generally, this methodology results in estimated 

average slopes for sub-drainage basins that are consistent with slopes calculated manually based on 

the measured elevation difference divided by the length of flow. However, in some cases where 

significant elevation changes occur within portions of a sub-drainage basin (e.g., retaining walls 

around parking lot perimeters), the area-weighted average slope can become skewed by the large 

differences in elevation between grid cells. In these cases, the calculated average slope for a sub-

drainage basin can be unrealistically high. 

3.2.1.4 Soils 

The soil characteristics of a watershed can play a significant role in the amount of stormwater runoff 

generated. Soils with a high infiltration capacity (well-drained, sandy soils) have a low runoff 

potential, while soils with a low infiltration capacity (poorly drained, clayey soils) will generate more 

runoff. Soils data for portions of the ASDD was obtained through the Hennepin County Natural 

Resources Conservation Service (NRCS) Soils GIS database. This database includes the soil names 

and the hydrologic soil group (HSG) designation, which classifies soils into groups (A, B, C, and D) 

based on the infiltration capacity of the soil (well drained, sandy soils are classified as “A” soils; 

poorly drained, clayey soils are classified as “D” soils). However, much of the study area is classified 

as ‘urban’ or ‘undefined’ soils in the database and has not been assigned an HSG designation. For 

this portion of the study area, soil characteristics were assigned based on review of soil boring logs 

obtained by the City of Bloomington during the development or redevelopment process and verified 

through model calibration (see Section 3.4). The predominant soil types in the study area are SCS 

Type A (sandy) and B (sandy loam). 

3.2.2 Assumptions for Hydrologic Processes 

3.2.2.1 Infiltration 

Infiltration was simulated in the XP-SWMM models using the Horton Infiltration equation. This 

equation is used to represent the exponential decay of infiltration capacity of the soil that occurs 

during rainfall or snowmelt events. The soil infiltration capacity is a function of the following 

variables: Fo (maximum or initial value of infiltration capacity), Fc (minimum or ultimate value of 

infiltration capacity), k (decay coefficient), and time. These infiltration parameters are used for the 

generation of runoff from the individual sub-drainage basins. 
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The actual values of Fo, Fc, and k are dependent upon soil, vegetation, and initial moisture conditions 

prior to a rainfall or snowmelt event. Because it was not feasible to obtain this detailed information 

for each sub-drainage basin through field samples, infiltration assumptions were made based on the 

soil types throughout the study area. Composite infiltration parameters (Fo and Fc) were calculated 

for each sub-drainage basin based on the fraction of each soil type within each individual sub-

drainage basin. Global databases containing the infiltration parameters for each sub-drainage basin 

were developed and imported into the XP-SWMM model. 

The values of Fo, Fc, and k applied for each Hydrologic Soil Group are summarized in Table 3-2. 

These values were selected based on the calibration results presented in the Nine Mile 

Creek/Bloomington UAA and modified for Type A and Type B soils based on the model calibration 

(see Section 3.4). Note that the ASDD is predominantly Type A and Type B soils. 

Table 3-2 Horton Infiltration Parameters 

Hydrologic Soil 
Group Fo (in/hr) Fc (in/hr) k (1/sec) 

A 6 0.7 0.00139 
B 6 0.7 0.00139 
C 2.0 0.1 0.00115 
D 1.0 0.03 0.00115 

 

The Fo and Fc values were determined for each sub-drainage basin by calculating a weighted average 

based on the given soil groups within each basin. 

Global databases with the infiltration parameters for each sub-drainage basin were developed and 

read into the model. Each infiltration global database was assigned the same name as the respective 

sub-drainage basin. 

3.2.2.2 Depression Storage 

Depression storage represents the volume (in inches) of storage on the land surface that must be 

filled with rainfall prior to the occurrence of runoff. This parameter characterizes the loss or "initial 

abstraction" caused by such phenomena as surface ponding, surface wetting, interception and 

evaporation. The model handles depression storage differently for pervious and impervious areas. 

The impervious depression storage is replenished during dry simulation periods by evaporation. The 

water stored as pervious depression storage is subject to both infiltration and evaporation. Therefore, 



 

P:\Mpls\23 MN\27\2327I40 Airport South 
Modeling\WorkFiles\Report\Bloomington_Airport_South_Report_Final.doc 13 

 

separate depression storage input values are required in XP-SWMM for pervious and impervious 

areas. Depression storage inputs were set within the general range of published values. Based on the 

model calibration discussed in Section 3.4, an impervious depression storage of 0.05 inches and a 

pervious depression storage of 0.20 inches were used in the XP-SWMM model. XP-SWMM also 

uses a “Zero Detention Storage” parameter to account for areas that generate immediate runoff (i.e., 

water surface areas). This parameter was estimated for each sub-drainage basin by dividing the water 

surface area by the directly connected impervious surface area. 

3.2.2.3 Overland Flow Roughness 

Overland flow is the surface runoff that occurs as sheet flow over land surfaces prior to concentrating 

into defined channels. A modified version of Manning’s equation is used to calculate the rate of 

overland flow in XP-SWMM. A key parameter in the Manning’s equation is the roughness 

coefficient, which accounts for the surface friction that occurs as water flows across different land 

surfaces. The shallow flows typically associated with overland flow result in substantial increases in 

surface friction. As a result, the roughness coefficients typically used in open channel flow 

calculations are not applicable to overland flow estimates. These differences can be accounted for by 

using an effective roughness parameter instead of the typical Manning’s roughness parameter.  

Typical values for the effective roughness parameter are published in the HEC-1 User’s Manual, 

September 1990 and in Engineering Hydrology: Principles and Practices (Ponce, 1989). The 

overland flow roughness values for pervious and impervious areas were used as adjustment 

parameters during the calibration process. The overland flow roughness for pervious and impervious 

areas that resulted in the best fit to the observed calibration data were 0.20 and 0.04, respectively. An 

area weighted pervious roughness was determined for each sub-drainage basin in the study area by 

weighting the pervious area and unconnected impervious area.  

3.2.3 Rainfall Data  

Rainfall data was collected for the model calibration process from a continuous-recording tipping 

bucket rain gauge located within the ASDD. The gauge measured rainfall in 5-minute intervals for a 

time period between May and July 1998. The rainfall data for five storm events within this time 

period were input into XP-SWMM to simulate the runoff from these events and calibrate the 

predicted flows with observed flows from within the watershed. See Section 3.4 for additional 

information on the calibration process. 
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After calibration of the model, rainfall hyetographs were used as inputs to the XP-SWMM models to 

predict flood elevations for the 2-, 10-, and 100-year frequency, 24-hour precipitation events (2.75. 

4.15, and 6.0 inches, respectively). The hypothetical SCS Type II 24-hour rainfall hyetograph was 

used for each of the frequency events. Rainfall amounts for the modeled events were obtained from 

the U.S. Department of Commerce’s Technical Paper No. 40 – Rainfall Frequency Atlas of the 

United States (TP40). 

3.3 Hydraulic Modeling  
The stormwater runoff hydrographs generated by the XP-SWMM ‘Runoff Mode’ are routed through 

the storm sewer, ponding, and overland flow network in the ‘Hydraulics Mode’ of the model. XP-

SWMM has advanced hydraulic capabilities and can handle complex hydraulic situations such as 

large drainage networks, detailed hydraulic structures, natural channel stream flow, detention in 

ponding areas, backflow in pipes, surcharging of manholes, and impacts of tailwater conditions on 

upstream storage or flows. The XP-SWMM hydraulics model allows manhole surcharging (water 

flowing out of a storm sewer manhole as opposed to flowing into a manhole). In addition, 

XP-SWMM assumes that this water disappears, or is ‘lost’ from the system, when it exceeds the 

respective spill crest elevation unless accounted for by the user. 

To prevent stormwater from being ‘lost’ from the system, the ASDD was modeled using a two-tiered 

hydraulics network, one network of storm sewers and the other a network of overland flow paths 

(generally representing street flow and/or natural drainage ways). These two networks were generally 

connected by manholes, except when the overland flow paths represented natural drainage ways such 

as ditches or ravines. Upon surcharging of a manhole, stormwater is conveyed through the overland 

flow network to a downstream storm sewer inlet or ponding area.  

The data required and assumptions made for the hydraulic modeling in the ASDD are summarized in 

the following subsections. 

3.3.1 Storm Sewer Network  

The storm sewer network modeled in XP-SWMM was generally limited to the City’s trunk storm 

sewer system, and excluded most smaller storm leads and private systems. The City of Bloomington 

provided detailed information for the City’s trunk storm sewer system in GIS format, including pipe 

size, type, length, invert elevations and top of casting elevations. Although the top of casting 
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elevations for the catch basins and manholes of the trunk storm sewer were provided in the GIS 

database, many of the reported top of casting elevations conflicted with the available topographic 

information, varying by as much as several feet in some cases. Consequently, the top of casting 

elevations used in the XP-SWMM model were based on the corresponding elevation from the GIS 

digital elevation model. All nodes and links representative of manholes, catch basin manholes, and 

pipes were labeled according to the City’s labeling convention in their GIS database. All elevations 

entered into the model are in feet above Mean Sea Level (MSL), based on the NGVD 29 datum. A 

roughness coefficient (Manning’s “n”) for all concrete pipes was assumed to be 0.013 (the typical 

design value). Roughness coefficients for other pipe materials were based on the guidance in Open 

Channel Hydraulics (Chow, 1959). 

In portions of the ASDD, the privately-owned parking lots contain a notable amount of flood storage. 

In such cases, the sub-drainage basins were delineated to these low areas and the private storm sewer 

systems and leads that connect these areas to the City’s trunk system were also included in the XP-

SWMM modeling. The GIS information available for the small storm sewer leads and privately-

owned systems was generally limited to spatial information, and detailed attribute information was 

not provided. If pipe size information for these systems was available, the associated invert 

elevations were estimated based on the invert elevations of the downstream trunk system and a 

reasonable pipe slope (0.1%). If pipe size was not available in the GIS database, the information was 

obtained from as-built plans provided by the City. 

Although the private storm sewer systems were generally not modeled in detail, the City requested 

that the Mall of America system be modeled in detail. This request was in response to recent flooding 

that has occurred at several locations within the Mall of America property, most notable the 

Hiawatha LRT Station in the southeast corner of the site. Information for this storm sewer system 

was obtained from as-built plans provided by the City from the Mall of America and the Mn/DOT 

Hiawatha LRT Project. 

The outlets from ponding areas were modeled based on as-built information provided from the City. 

Outlets from ponding areas that may be inlet-controlled were modeled in XP-SWMM assuming a 

groove end projecting pipe inlet condition. This model condition allows XP-SWMM to determine the 

controlling flow condition in the outlet pipe (i.e., is the flow in the pipe controlled by the inlet size, 

barrel capacity, or tailwater conditions) and accurately estimate the water surface elevation of the 

pond. The normal water level (NWL) for each ponding basin was set at the outlet control elevation or 



 

P:\Mpls\23 MN\27\2327I40 Airport South 
Modeling\WorkFiles\Report\Bloomington_Airport_South_Report_Final.doc 16 

 

at a downstream control elevation, with exception of the large infiltration basin in sub-drainage basin 

APS-42, which functions as an infiltration basin. Appropriate manhole junction losses were entered 

into the model based on the storm sewer configuration for each node included in XP-SWMM. 

Manhole junction losses were estimated based on the methodology presented in Modern Sewer 

Design (American Iron and Steel Institute, 1980) or other suitable references. 

3.3.2 Overland Flow Network 

As previously mentioned, the XP-SWMM model incorporated a two-tiered routing system: a network 

of storm sewers and another network of overland flow paths (generally representing street flow 

and/or natural drainage ways). The following stepwise procedure was used as a guide for the 

overland flow network data entry at selected locations until water that was otherwise lost from the 

system is “captured.” Varying levels of these steps will be iteratively implemented to “capture” the 

water at any one given location. 

1) Adding storage to modeling nodes (manholes) based on the two-foot topographic information 
to account for surface ponding in streets, parking lots, etc. 

2) Addition of overland flow paths with the following characteristics 

a) Overland flow along streets 

i) Trapezoidal channels with 

(1) Bottom width = approximated based on street width 

(2) Side slopes = 1H:1V 

(3) Manning’s “n” for the surface flow channels set equal to 0.014 for flow down 
paved streets  

(4) Channel depth = 1 foot 

b) Natural overland flow paths 

i) Trapezoidal channels with 

(1) Bottom width = variable based on topographic information 

(2) Side slopes = variable based on topographic information  

(3) Manning’s “n” where overland flow is clearly over vegetated areas or onto 
boulevards a Manning’s “n” of 0.03 will be used 

(4) Channel depth = 1 foot 

3) Increasing overland flow depth, if consistent with the topographic information 

4) Raising the spill crest elevation if the nearby pond’s water surface exceeds the node spill 
crest elevation and the storage is accounted for at the storage node (pond) 
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5) Route the water out of the system if indicated on storm sewer maps or as-built drawings (i.e., 
a possible out of district overflow location) 

6) Activate “Ponding Allowed” in the model for a given node if indicated by the street and 
manhole rim elevations but not reflected on the two-foot topographic information 

3.3.3 Inflows from the Smith Pond Drainage District 

The Smith Pond Drainage District is located south of Interstate-494 and west of TH 77, adjacent to 

the ASDD. The Smith Pond Drainage District covers approximately 1,700 acres and includes Smith 

Pond and Wright’s Lake. There are several locations where flows from the Smith Pond district flow 

into the Airport South storm sewer system. These locations are shown in Figure 3-1 and discussed 

briefly below.  

3.3.3.1  82nd Street Inflow 

There is a 42-inch RCP trunk storm sewer system along 82nd Street in the Smith Pond Drainage 

District that connects with the TH 77 system. Flow through this storm sewer connection is controlled 

by a special regulator structure that restricts flows from the Smith Pond drainage area during times of 

high flow in the TH 77 storm sewer system. For the Airport South modeling update, inflow 

hydrographs generated from the previously developed Smith Pond XP-SWMM model were imported 

into the updated Airport South XP-SWMM model to represent predicted flows through the regulator 

for the 2-, 10-, and 100-year frequency, 24-hour events. 

3.3.3.2  Wright’s Lake Outlet 

Wright’s Lake is located directly west of TH 77 and north of 86th Street, within the Smith Pond 

Drainage District. The lake receives discharge from the upstream Smith Pond as well as local 

drainage. The Wright’s Lake outlet is located on the east side of the lake and connects to the TH 77 

trunk storm sewer system, which eventually drains to Pond C. The original outlet from Wright’s Lake 

was a 36-inch CMP. A 1978 hydrologic and hydraulic analysis completed by Barr Engineering Co. 

for the Smith Pond-Wright's Lake storm sewer system recommended installing a larger-capacity 

outlet (30-inch weir into a 60-inch RCP) from Wright's Lake, which would result in a 100-year peak 

discharge of approximately 260 cfs and a reduced 100-year flood elevation to 810.8 ft MSL (Barr 

Engineering Co., 1978). The report indicates that Mn/DOT agreed to provide a 60-inch outlet pipe 

from Wright's Lake and as-built plans dated October 29, 1980 from the City of Bloomington indicate 

that this recommendation was implemented.  
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As-built construction plans from a subsequent project on TH 77 indicate that changes were made to 

the TH 77 storm sewer system, in that a portion of the 60-inch system that served as the outlet from 

Wright's Pond was removed and replaced with a 48" RCP. As such, it appears that the current outlet 

capacity from Wright's Lake is limited by the 48" RCP, which differs from the recommended outlet 

capacity in Barr's 1978 study. 

For the Airport South modeling update, inflow hydrographs generated from the previously developed 

Smith Pond – Wright’s Lake XP-SWMM model were imported into the updated Airport South XP-

SWMM model to represent predicted discharge for the 2-, 10-, and 100-year frequency, 24-hour 

events. Based on the existing Smith Pond – Wright’s Lake XP-SWMM model, the peak discharge 

from Wright’s Lake from the 100-year frequency, 24-hour event is approximately 140 cfs and the 

high water elevation in Wright’s Lake exceeds 812 ft MSL. Review of the digital two-foot 

topography for this area indicates that Wright’s Lake would likely overflow to TH 77 at an 

approximate elevation of 811 ft MSL, which is not accounted for in the existing Smith Pond – 

Wright’s Lake XP-SWMM model. The existing model also does not ‘capture’ stormwater that 

surcharges from the modeled storm sewer system, thus a significant volume of runoff from the Smith 

Pond drainage area (319 acre-feet for the 100-year event) is not accounted for (i.e., ‘lost’ from the 

system).  

As a result of the modeling deficiencies mentioned above, there is significant uncertainty in the 

outflows from Wright’s Lake predicted in the Smith Pond – Wright’s Lake XP-SWMM model. The 

absence of an overflow conveyance from Wright’s Lake to TH 77 and the loss of significant runoff 

volumes from the system make it difficult to confidently predict the high water elevation in Wright’s 

Lake and associated outflows to the ASDD. Since revisions to the Smith Pond – Wright’s Lake XP-

SWMM model to correct the aforementioned deficiencies would require effort well beyond the scope 

of this project, City staff has indicated that the Airport South model updates should proceed based on 

the predicted outflow hydrographs from the existing Smith Pond-Wright’s Lake model. As such, the 

modeling results for the TH 77 storm sewer network and the downstream Pond C should be 

considered with caution. 

3.3.3.3  90th Street Inflow 

The 90th Street storm sewer in the Smith Pond Drainage District consists of parallel 42-inch RCP and 

66-inch RCP trunk storm sewer systems that combine into one 66-inch RCP system near the west 

side of the TH 77 and Old Shakopee Road intersection. For the Airport South modeling update, 
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inflow hydrographs generated from the previously developed Smith Pond XP-SWMM model were 

imported into the updated Airport South XP-SWMM model to represent predicted flows through the 

parallel storm sewer system for the 2-, 10-, and 100-year frequency, 24-hour events. 

3.3.4 Tailwater Effects  

Stormwater runoff from the ASDD ultimately drains to Long Meadow Lake, which is located within 

the Minnesota River floodplain. The outfalls to Long Meadow Lake were modeled in XP-SWMM as 

free outfalls (i.e., no tailwater effects). The Minnesota Department of Natural Resources (DNR) 

Ordinary High Water Level (OHWL) for Long Meadow Lake is 695.5 ft MSL, which is below the 

outfall from the Hogback Ridge ponds. The downstream invert elevations of Pond C, 80th Street and 

Ceridian outfalls are slightly below the Long Meadow Lake OHWL, so the outfall pipes may be 

partially submerged at times. However, the submerged conditions are unlikely to have a significant 

impact on the discharge capacity.  

The Lower Minnesota Flood Plain Study, completed by the U.S. Geologic Survey, Army Corps of 

Engineers and the Lower Minnesota River Watershed District in 2004, indicates that the 100-year 

flood elevation for the Minnesota River at the Long Meadow Lake area is approximately 714 ft MSL. 

At this flood elevation the entire Long Meadow Lake and adjacent Hogback Ridge ponds and Pond C 

would be inundated by approximately 18 feet of water. However, the hydrologic conditions that 

would result in the Minnesota River reaching the predicted flood levels are not synonymous with the 

‘critical’ conditions that would result in peak flood elevations in the ASDD. As such, the flood levels 

reported in this study reflect flood conditions based on locally ‘critical’ events.  

3.4  Model Calibration  

An XP-SWMM model of the ASDD was originally developed in 1998 by Montgomery Watson. At 

the time, the model was calibrated based on stormwater monitoring data collected from two gauges 

located in small isolated watersheds in the ASDD between June 20 and July 14, 1998. As part of this 

project, Barr re-evaluated the calibration to verify that the results from the updated XP-SWMM 

model closely represent runoff conditions observed during the 1998 monitoring period. The XP-

SWMM model was re-calibrated to ensure that the parameters revised since development of the 

previous Airport South XP-SWMM model result in a good fit with the observed data, including 

imperviousness assumptions and sub-drainage basin delineations. The calibration process included 

modifications to numerous hydrologic parameters to accurately represent 1998 observed runoff 
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volumes, peak runoff rates, and runoff timing. The results of the calibration are described in further 

detail below. 

3.4.1 Calibration Sites 

Monitoring gauges were installed at two locations within the ASDD to collect continuous flow data. 

The two locations were selected to represent areas of varying development conditions. A flow meter 

was installed within a 36-inch RCP storm sewer located beneath Metro Drive, just north of 

80th Street (Figure 3-2). The tributary area to this flow monitoring gauge is approximately 22 acres 

and is predominantly commercial land use with high imperviousness. A second flow meter was 

installed in a 27-inch RCP storm sewer located in a residential area near the intersection of 88th Street 

and Old Shakopee Road (Figure 3-2). The tributary area to this flow monitoring gauge is 

approximately 29 acres and is comprised of low- and medium-density residential and institutional 

land uses. 

3.4.2 Calibration Data 

Based on information provided in a memorandum to the City of Bloomington regarding the XP-

SWMM Model Calibration, Montgomery Watson indicated that the monitoring gauges were installed 

in early May 1998 and removed in late July 1998 (Montgomery Watson, 1998). The gauges recorded 

flow depth and velocity at 5-minute intervals. Flow rates were then calculated based on the recorded 

velocity and flow area.  

During the flow monitoring period, a continuous recording rainfall gauge was used to collect 

precipitation depths at 5-minute intervals. The rainfall gauge was located in the right turn lane island 

at northbound Old Shakopee Road and Killebrew Drive (southeast of the Mall of America).  

Based on the Montgomery Watson memorandum, the gauges captured five runoff events for which 

there was good flow data at both flow gauge locations and good rainfall data. The five rainfall events 

used for calibration represent a wide range of rainfall magnitudes, durations and intensities, as 

summarized in Table 3-3. Figures 3-3 through 3-7 show the distribution of rainfall for each event. 

The mix of land use types for each of the calibration sites, combined with the variety of storm events 

monitored, provides a means for calibrating the model based on the variability of the observed 

stormwater monitoring data. Additional information on the data used for calibration can be found in 

the Montgomery Watson December 2, 1998 memorandum (Appendix A). 
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Table 3-3 Summary of Calibration Rainfall Events 

Event Date Rainfall Depth (in.) 
Rainfall Duration 

(hrs:min) Peak Intensity (in./hr) 
June 20, 1998 0.54 1:45 2.2 
June 24, 1998 0.99 6:55 1.2 
June 25, 1998 0.45 0:50 2.5 
June 26, 1998 3.01 7:40 4.1 
July 14, 1998 1.38 4:40 1.3 

 

3.4.3 Calibration Method 
Multiple calibration model runs were conducted using variations of numerous hydrologic parameters 

with the goal of closely matching the observed and modeled runoff hydrographs for each storm event 

at each calibration site. Modeling results indicated that with exception of the June 26, 1998 storm 

event, the intensities of the rainfall events used for calibration were not high enough to generate 

runoff from the pervious areas of the calibration watersheds (all rainfall upon pervious areas was 

intercepted, infiltrated and/or stored onsite). As such, the calibration process focused heavily on 

adjustment of hydrologic parameters affecting runoff from impervious areas, such as the percentage 

of impervious area, impervious depression storage, and the impervious roughness coefficient. The 

runoff hydrographs were insensitive to adjustments in the width parameter. Modeling results 

indicated that the intensity of the June 26, 2008 storm was high enough to generate runoff from the 

pervious areas. This storm event was used to calibrate several hydrologic parameters affecting runoff 

from pervious areas, such as infiltration parameters, pervious depression storage, pervious roughness 

coefficient, and the percentage of impervious area.  

The calibration process focused on comparison and calibration of the observed and modeled runoff 

hydrographs for each representative storm at each calibration site. The comparison of observed and 

modeled runoff was focused on verifying/calibrating peak runoff rates, timing, and the general shape 

of the hydrographs. The results of the hydrograph calibration are discussed in further detail below. 

The calibration process also included evaluation of the runoff volume. Observed and modeled runoff 

coefficients were calculated for each storm event at each calibration site. The runoff coefficients 

were calculated from the fraction of rainfall measured/modeled as runoff using the equation: 

Runoff Coefficient = Measured/Modeled Runoff Volume/(Total Rainfall * Drainage Area) 
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3.4.4 Calibration Results 
Comparisons of the observed and modeled hydrographs from the two calibration sites are shown for 

each rainfall event in Figures 3-8 through 3-12. Overall, the modeled hydrographs reflect a good fit 

with the monitored runoff. In some cases, the modeled hydrographs do not reflect the same shape as 

the observed hydrograph or are ‘missing’ runoff peaks or troughs throughout the storm events, in 

comparison with observed conditions. This is likely a result of variation in the amount and timing of 

precipitation that occurred at each calibration site in comparison to the recorded precipitation at 

Killebrew Drive and Old Shakopee Road, as the spatial variability in rainfall patterns can be 

significant at times.  

The Nash-Sutcliffe efficiency index is a widely used statistic for assessing the goodness of fit of 

hydrologic models. The Nash-Sutcliffe coefficient of efficiency (Ef) was calculated for each storm 

event at the two calibration stations to evaluate the goodness of fit of the modeled hydrographs with 

observed conditions. The Nash-Sutcliffe coefficient of efficiency equation is shown below: 
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Where,  

 iŶ  and iY  = predicted and measured flow values, respectively;  

 Y  = mean of the measured flow values; and  

 n = sample size. 
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The results are summarized in Table 3-4. In general, the calculated efficiency indexes indicated a 

good fit between observed and modeled conditions. Low values of Ef can be the result of model bias 

in the calibration, with bias resulting from either differences in the magnitude of flow or time offset 

for time-dependent models (McCuen et al, 2006). Low values of Ef can also be sensitive to 

parameters such as sample size, time period, or outliers in observed flow.  

Table 3-4 Nash-Sutcliffe Efficiency Indexes for Model Calibration 

88th Street Calibration Site Metro Drive Calibration Site 
Storm Event Efficiency Index (Ef) Efficiency Index (Ef) 
June 20, 1998 -0.85 0.82 
June 24, 1998 -1.11 0.64 
June 25, 1998 0.78 0.93 
June 26, 1998 0.54 0.57 
July 14, 1998 0.54 0.75 

 

As mentioned above, the calibration process also included evaluation of the runoff volume. 

Monitored and modeled runoff coefficients were calculated for each storm event at each calibration 

site. Table 3-5 summarizes the runoff coefficients for observed conditions and the calibrated model 

results. In general, the overall modeled runoff coefficients closely matched the runoff coefficients 

from observed conditions. 

Table 3-5 Runoff Coefficients based on Observed and Modeled Conditions 

 88th Street Calibration Site Metro Drive Calibration Site 

Storm Event 
RO Coeff. 

[Monitored] 
RO Coeff. 

[XP-SWMM] 

% Difference 
[XP-SWMM – 
Monitored] 

RO Coeff. 
[Monitored] 

RO Coeff. 
[XP-SWMM] 

% Difference 
[XP-SWMM – 
Monitored] 

June 20, 1998 0.13 0.21 38 0.63 0.70 10 
June 24, 1998 0.18 0.22 19 0.61 0.73 16 
June 25, 1998 0.18 0.21 15 0.62 0.69 10 
June 26, 1998 0.20 0.29 30 0.71 0.81 12 
July 14, 1998 0.14 0.23 36 0.68 0.75 10 

Average = 0.17 0.23 28 0.65 0.74 12 
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The final calibrated hydrologic parameters were selected through comparison of the observed and 

modeled hydrographs from multiple calibration model runs using variations of numerous hydrologic 

parameters. The five storm events used for calibration represented a wide range of rainfall 

magnitude, intensity, and duration. As such, the hydrologic parameters associated with the ‘best fit’ 

often varied for each storm event and/or calibration site. The hydrologic parameters that were 

selected resulted in the best fit to observed conditions for the most storm events and calibration sites. 

The final calibrated hydrologic parameters and the ranges of values evaluated for each parameter 

during the calibration process are summarized in Table 3-6. 

Table 3-6. Hydrologic Calibration Parameters 

Calibration Range
Calibration Parameter Min Max 

Final Calibration 
Values 

Depression Storage, Pervious 0.1 0.20 0.20 
Depression Storage, Impervious 0.0 0.20 0.05 
Overland Flow Roughness, Pervious 0.10 0.35 0.20 
Overland Flow Roughness, Impervious 0.01 0.10 0.04 
Initial Infiltration Capacity (Fo), Type A Soils 5.0 6.0 6.0 
Ultimate Infiltration Capacity (Fc), Type A Soils 0.38 0.70 0.7 
Decay Coefficient, Type A Soils 0.0008 0.00139 0.00139 
Initial Infiltration Capacity (Fo), Type B Soils 3.0 6.0 6.0 
Ultimate Infiltration Capacity (Fc), Type B Soils 0.23 0.7 0.7 
Decay Coefficient, Type B Soils 0.0008 0.00139 0.00139 
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4.0  Methodology for Water Quality Modeling 

In 2002, the ASDD and the adjacent drainage areas to the west (Smith Pond and Wright’s Lake) were 

modeled as part of the Bloomington Airport South District Storm Water Treatment Feasibility Study 

(SRF, 2002). The drainage districts were modeled using the P8 Urban Catchment Model (Program 

for Predicting Polluting Particle Passage thru Pits, Puddles, and Ponds), which is a model used for 

predicting the generation and transport of stormwater runoff and pollutants in urban watersheds. The 

model tracks the movement of particulate matter (fine sand, dust, soil particles, etc.) as it is carried 

along by stormwater runoff traveling over land and pavement.  Particle deposition in ponds along the 

way is also tracked, so that the model can estimate the amount of pollutants—carried by the 

particles—that eventually reach a water body. 

The previous modeling effort evaluated the effectiveness of the stormwater treatment systems in 

place during the year 2000 (existing conditions), as well as 2020 (future) development conditions, 

assuming construction of NURP ponds in the areas of proposed redevelopment.  Additionally, the 

feasibility of several regional water quality treatment scenarios was evaluated to assess future 

treatment opportunities, in an effort to maintain and improve the quality of water being discharged to 

Long Meadow Lake (part of the U.S. Fish and Wildlife National Wildlife Refuge).  

The previously developed P8 model was updated to reflect the revised drainage areas and recent 

development and redevelopment that have occurred within the ASDD. Additional on-site stormwater 

treatment basins were included in the P8 model, with model input parameters based on the 

design/as-built drawings and/or two-foot topographic data. The model was converted to the most 

recent P8 version (Version 3.4), to simulate the quantity and quality of the surface runoff in the 

ASDD and evaluate the average annual removal efficiency of the existing water quality treatment 

systems. The runoff quality and system treatment efficiencies were also evaluated for the 2-year, 

24-hour SCS Type II storm event. 

The previously developed P8 model included the Smith Pond Drainage District located west of 

TH 77, which is tributary to the ASDD. There were no changes made to the model input parameters 

or water quality treatment systems in these drainage districts as part of the water quality model 

update. 
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4.1 Determination of Watershed Characteristics 
Examination of the watershed characteristics for the ASDD involved evaluation of soil types, land 

use, and the impervious fraction of the land in the drainage district. For the drainage areas to the west 

of TH 77 (i.e., those outside of the ASDD), the watershed characteristics from the original existing 

conditions model (SRF, 2002) were used. 

4.1.1 P8 Drainage Basins 

The sub-drainage basin delineations completed for the XP-SWMM modeling were used as a base for 

the P8 water quality modeling. Because the P8 water quality modeling does not require the same 

level of detail as the XP-SWMM analyses, many of the XP-SWMM sub-drainage basins were merged 

into larger P8 drainage basins. The P8 drainage basins are shown in Figure 4-1, along with the 

locations of the Best Management Practices (BMPs) and other water bodies that were included in the 

updated P8 model. The arrows in Figure 4-1 show the general drainage patterns within the ASDD. 

4.1.2 Land Use – Existing Conditions 

The existing (2007) land use used for the modeling update was originally developed for the City of 

Bloomington Nondegradation Loading Assessment Report (Barr Engineering Co., 2007). This land 

use layer was created based on 2007 parcel-based land use provided by the City of Bloomington. 

This land use layer was verified against the 2006 aerial photo, and for areas in question, the land use 

was field-verified and adjusted as necessary. The 2007 land use data includes the following 

categories: agriculture, commercial, developed park, forest, grassland, high-density residential, 

highway, industrial, institutional, low-density residential, medium-density residential, and 

water/wetland. For P8, the forest and grassland areas were recategorized into a natural land cover 

classification. 

This land use information was used to estimate the total amount of impervious area within each P8 

drainage basin as well as the amount of directly-connected impervious area. The directly-connected 

impervious fraction consists of the impervious surfaces that are “connected” directly to stormwater 

conveyance systems, meaning that flows do not cross over pervious areas. The total impervious and 

directly-connected impervious percentages were based on values estimated for the Nine Mile 

Creek/Bloomington Use Attainability Analysis UAA (Barr Engineering Co., 2001), with the exception 

of the agricultural land use category, which was based on the impervious percentage calculated for 

the Nondegradation Loading Assessment Report (Barr Engineering Co., 2007). 
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4.1.3 Curve Numbers 
The pervious curve number (a measure of how easily water can percolate into the soil) was also 

determined for each P8 drainage basin within the ASDD. Data from the Hennepin County Soils 

Survey (NRCS, 2004) was used to determine the hydrologic soil group (HSG), which serves as an 

indicator of a soil’s infiltration capacity. However, since Bloomington is an older, fully-developed 

city, soils throughout much of the area are typically classified as “undefined” or “urban” soils and 

have not been assigned a HSG. 

To estimate the HSG for areas not classified in the soil survey, the City provided soil boring log 

information obtained during development and redevelopment projects completed within ASDD. Each 

of the soil boring logs was reviewed, and in general, soil types throughout the drainage district were 

classified as silty and sandy soils. Therefore, SCS Type B (moderate infiltration rate) soils were 

assumed for those soils not classified as part of the county soil survey. This is consistent with HSG 

assigned in areas that were classified as part of the county soil survey (SCS Types A and B).  

A pervious curve number was selected for each P8 drainage basin based upon soil types, land use, 

and hydrologic conditions (e.g., if soils are Type B and pervious areas are comprised of grassed areas 

with 50% to 75% cover, then a Curve Number of 69 would be selected). An overall composite 

pervious curve number was determined by weighting the areas for the given soil groups within each 

drainage basin. This composite pervious curve number was then weighted with indirect (i.e., 

unconnected) impervious areas in each P8 drainage basin as follows: 

4.2 Drainage Patterns 
The stormwater management system within the ASDD is a complex network of storm sewer, natural 

channels, and ponding basins. To assist in identifying the drainage patterns within the district, the P8 

drainage basins have been summarized into drainage ‘regions’ based on outfall and color coded 

accordingly (see Figure 4-1).  

Much of the northern portion of the ASDD is served by a complex storm sewer network, with several 

locations in which flows are split in multiple directions, depending on the amount of flow through the 

( )Area PerviousArea Impervious Indirect
Number)] Curve (Pervious*  Area) [(Pervious +(98)] * Area]  Impervious [(Indirect = WCN

+
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system (i.e., low flows are conveyed to one trunk system and a portion of the high flows are 

conveyed to a different trunk system). The locations of the ‘flow splitters’ that were modeled in P8 

are shown in Figure 4-1. The P8 drainage basins that are tributary to these flow splitters are 

identified in Figure 4-1 in a hatched pattern. The flow splitters were modeled using general devices. 

Stage-discharge relationships for these devices were developed based on the flows predicted in XP-

SWMM for the 2-year frequency, 24-hour event. The areas of the general devices were selected such 

that the percentage of flow volume being discharged in each direction closely matched that simulated 

in XP-SWMM.  

4.3 Pollutant Removal Device Information 
The P8 water quality model can predict pollutant removal efficiency for a variety of treatment 

practices such as detention ponds and infiltration basins. The model can also be used to simulate 

pollutant removal from alternative BMPs such as underground treatment devices. The modeled 

treatment practices are referred to in the P8 model as pollutant removal ‘devices’.  

4.3.1 Ponds 

Water quality ponds (also called detention ponds, stormwater ponds) are the most common BMP 

within the ASDD. The “dead” storage volume (storage below the normal water level) is an important 

factor in the pollutant removal efficiency of water quality ponds. As such, it is important to represent 

this volume as accurately as possible. Digital two-foot topographic data was used in conjunction with 

as-built development plans to develop the storage volumes for the ponds being modeled in P8. No 

bathymetric data was readily available for Little Bass Pond (APS-156) and Big Bass Pond (APS-69), 

located within the Minnesota Valley National Wildlife Refuge. Therefore, field surveys were 

performed for these ponds to determine the dead storage volume and outlet configuration. 

Information on the pond outlet configurations were obtained from the City’s GIS storm sewer 

database and/or as-built development plans. Because P8 has a limited capacity to model complex 

outlet structures, outlet rating curves were developed based on the XP-SWMM model results for 

select outlet structures. Pond storage and outlet information for waterbodies to the west of TH 77 

(Smith Pond and Wright’s Lake) were used from the original existing conditions P8 model developed 

by SRF in 2002. 
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4.3.2 Infiltration Basins 
Several infiltration basins within the ASDD were modeled in P8, including the bio-infiltration basins 

at the IKEA site and the large infiltration basin located in the northeast quadrant of the intersection 

of 24th Avenue and Old Shakopee Road (APS-42). The infiltration basins were modeled as detention 

pond ‘devices’, with an assumed infiltration rate of 0.5 inches/hour, based on the predominance of 

Type A soils within the ASDD. 

4.3.3 Underground Stormwater Treatment Structures 

Underground stormwater treatment structures are proprietary treatment devices often used when site 

constraints prevent the construction of conventional BMPs such as ponds or infiltration basins. City 

staff has indicated that numerous underground treatment structures have been installed on private 

sites throughout the ASDD. However, a complete inventory of the number and locations of these 

devices has not been developed and the private underground stormwater treatment structures were 

generally not included in the P8 model.  

An underground treatment structure was installed by the City of Bloomington in 2005 to treat a 

portion of the flow through the 80th Street trunk storm sewer system. This system has been included 

in the updated P8 model. An underground treatment system installed at the IKEA site was also 

included in the updated P8 model.  

4.4 P8 Model Parameters 

The P8 model requires a variety of inputs beyond the watershed characteristics and pollutant removal 

device (ponds, etc.) characteristics. P8 also requires hourly precipitation and temperature data for 

either a single storm event or for a long-term climatic period. Additionally, pollutant characteristic 

information is needed. This pollutant and particle information is typically based on national average 

information unless more local data is available. The parameters selected for the P8 model are 

discussed in the following paragraphs. P8 parameters not discussed in the following paragraphs were 

left at the default setting. As mentioned previously, Version 3.4 of the P8 Model was used for the 

updated modeling. 
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4.4.1 Precipitation and Temperature Data 
P8 reads hourly precipitation and daily average temperature data from a data file for a continuous 

simulation of watershed hydrology and the buildup/washoff of water quality constituents. Hourly 

rainfall data and daily temperature data from the National Weather Service Station at the 

Minneapolis/St. Paul International Airport was used for the water quality modeling.  

• MSP4907.PCP. The precipitation file MSP4907.PCP is comprised of hourly precipitation 
measured at the Minneapolis–St. Paul International Airport were used for the period between 
1949 and the end of October 2007. 

• MSP4907.tmp. The temperature file was comprised of daily average temperature data from 
the Minneapolis–St. Paul International Airport during the period from 1949 through 2007. 

4.4.2 Time Step, Rainfall Breakpoint, Snowmelt, & Runoff Parameters 

• Time Steps Per Hour (Integer)— 6. Selection was based upon the number of time steps 
required to eliminate continuity errors greater than two percent. 

• Growing Season AMC—II = 0 and AMC—III = 100. These parameters were originally 
selected during the development and calibration of the P8 model for the 
NMCWD/Bloomington Use Attainability Analysis (2001). Selection of these factors was 
based upon the observation that the model accurately predicted runoff water volumes from 
monitored watersheds when the Antecedent Moisture Condition II was selected (i.e., curve 
numbers selected by the model are based upon antecedent moisture conditions). Modeled 
water volumes from pervious areas were less than observed volumes when Antecedent 
Moisture Condition I was selected, and modeled water volumes exceeded observed volumes 
when Antecedent Moisture Condition III was selected. The selected parameters tell the model 
to only use Antecedent Moisture Condition I when less than 0 inches of rainfall occur during 
the five days prior to a rainfall event and to only use Antecedent Moisture Condition III if 
more than 100 inches of rainfall occur within five days prior to a rainfall event. 

4.4.3 Particle File Selection 

• NURP50.PAR. The NURP50 particle file was used for the updated P8 model, which is 
consistent with the previous P8 model developed for the ASDD. The NURP50 particle file 
was developed as part of the Nationwide Urban Runoff Program (NURP), a research program 
conducted by the U.S. Environmental Protection Agency, and provides default parameters for 
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several water quality components, based upon calibration to median, event-mean 
concentrations reported by NURP (Athayede et al., 1983). 

4.4.4 Devices Parameter Selection 

• Detention Pond— Permanent Pool— Area and Volume— The surface area and dead 
storage volume of each detention pond were determined. Where available, Barr used outlet 
stage-discharge relationships or other rating information and pond volume information 
developed for the hydrologic/hydraulic modeling or from field surveys. If limited information 
was supplied, Barr assumed an average depth and estimated the surface area (based on digital 
two-foot topography) to determine the pond permanent pool volume. 

• Detention Pond— Flood Pool— Area and Volume— The surface area and storage volume 
under flood conditions (i.e., the storage volume between the normal level and flood 
elevation) were determined. The areas and volumes were estimated based on information 
developed for the hydrologic/hydraulic modeling (from digital two-foot topography, as-built 
development plans, or field survey). 

• Infiltration Rate (in/hr)— Infiltration rates were only entered for infiltration basins (not for 
detention ponds). An infiltration rate of 0.5 inches/hour was used based on area soil 
conditions. 

• Detention Pond— Orifice Diameter and Weir Length— The orifice diameter or weir length 
was determined from field surveys or as-built development plans for each detention pond. 

• Detention Pond or Generalized Device— Particle Removal Scale Factor— Particle 
Removal Scale Factor— 0.3 for all ponds less than 2 feet deep and 1.0 for ponds 3 feet deep 
or greater. For ponds with normal water depths between 2 and 3 feet, a particle removal 
factor of 0.6 was selected. For devices acting as flow splitters, the particle removal factor was 
0.0. 

• Pipe/Manhole— Time of Concentration— The time of concentrations for each 
pipe/manhole device were originally maintained from the previously developed P8 model. 
These values were typically less than 0.25 to 0.5 hours. However, these values resulted in 
computational errors in the new version of the P8 model. To avoid computational errors, the 
times of concentration for all pipes were revised to 0.5 hours.  
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4.4.5 Watersheds Parameter Selection 

• Pervious Curve Number— An overall composite pervious curve number was determined by 
weighting the areas for the given soil groups within each P8 drainage basin. This composite 
pervious curve number was then weighted based on the indirect (i.e., unconnected) 
impervious areas in each drainage basin, based on the assigned land use type, as outlined in 
Section 5.1. 

• Indirectly Connected Impervious Fraction – The parameter is a new addition to P8 
Version 3.4. This value was set to 0 for all P8 drainage basins to be consistent with the 
previous P8 modeling completed for the Smith Pond Drainage District and other areas of the 
city. The areas of indirectly connected imperviousness were accounted for by weighting the 
pervious curve number as described above. 

• Connected Impervious Fraction—The direct or connected impervious fraction for each 
subwatershed was determined. Connectivity estimation of the various impervious surface 
types was accomplished by associating each surface type with a land use category. See 
Section 4.1.2 for additional information. 

• Swept/Not Swept—An “Unswept” assumption was made for the entire impervious watershed 
area. A Sweeping Frequency of 0 was selected.  

• Depression Storage— 0.06 inches for all P8 drainage basins, based on the 
NMCWD/Bloomington Use Attainability Analysis (2001). 

• Impervious Runoff Coefficient— 0.95 for all P8 drainage basins, based on the 
NMCWD/Bloomington Use Attainability Analysis (2001). 

4.4.6 Passes through the Storm File 

• Passes through Storm File— The number of passes through the storm file was determined 
after the model had been developed and a preliminary run completed. The selection of the 
number of passes through the storm file was based upon the number required to achieve 
model stability. Multiple passes through the storm file were required because the model 
assumes that dead storage waters contain no pollutants. Consequently, the first pass through 
the storm file results in lower pollutant loading than occurs with subsequent passes. Stability 
occurs when subsequent passes do not result in a change in pollutant concentration in the 
pond waters. Five (5) passes through the storm file resulted in model stability for this model. 
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5.0  Results and Conclusions 

5.1 Hydrologic/Hydraulic Modeling Results and Discussion 
Table 5-1 lists the modeled results for 2-, 10-, and 100-year frequency, 24-hour storm events for the 

ASDD based on existing (2008) land use conditions. The column headings are defined as follows: 

Sub-drainage Basin Data 

• Subwatershed/Node ID – Sub-drainage basin and XP-SWMM node identification label. 

• Manhole ID – The manhole ID used in the City’s GIS database that corresponds to the 
Subwatershed/XP-SWMM Node ID  

• Sub-drainage Basin Area – The drainage area (in acres) in a given sub-drainage basin. 

• Percent Impervious– The percentage of the sub-drainage basin area that is considered to be 
directly connected impervious area, based on an areal weighting of the land use within the 
given sub-drainage basin. 

• Sub-drainage Basin Peak Runoff Rates – These three columns list the peak runoff rates in 
cubic feet per second (cfs) for the respective sub-drainage basins for the SCS Type II 2-, 10-, 
and 100-year frequency, 24-hour storm events. Note that the reported values reflect the peak 
runoff rate from the direct drainage area only, and do not include flows from upstream sub-
drainage basins. 

Ponding Basin /Inundation Area Data 

• Type- Description of the type of ponding basin or area (i.e., pond, infiltration basin, wetland 
or inundation area). Note that for the areas identified as 100-year inundation areas but not 
ponding basins or wetlands, only the 100-year high water level has been reported in 
Table 5-1. 

• Peak Outflow– These three columns list the peak discharge rate (cfs) from selected ponding 
basins for the SCS Type II 2-, 10-, and 100-year frequency, 24-hour storm events. The peak 
outflow rates reflect the combined discharge from the basin through the outlet structure and 
any overflow device (e.g., an overflow grate or embankment). In several instances, such as 
ponds APS-42 and APS-75, the backflow into the detention area exceeds the outflow 
magnitude (i.e., there is a greater inflow rate than discharge outflow rate). 

• NWL – Normal water level in the basin (in feet, Mean Sea Level) based on the control 
elevation of the outlet pipe or structure. 
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• 100-Year HWL – The high water level (HWL) in the given basin or inundation area as a 
result of runoff from the SCS Type II 100-year frequency, 24-hour storm event. 

• 100-Year Live Storage – The maximum volume (in acre-feet) of water that is stored above 
the normal water level in the ponding basin for the 100-year frequency, 24-hour event. The 
volumes listed are based on the average end area calculation method. 

Figure 3-1 illustrates the XP-SWMM hydrologic/hydraulic modeling results for the ASDD. The 

information depicted on the figure assumes existing (2008) development conditions, as described in 

Section 3.2.1. Figure 3-1 illustrates the ASDD boundary, sub-drainage basin boundaries and labels, 

modeled storm sewer networks, streets, surcharge conditions for the XP-SWMM nodes, and 

inundation areas.  

5.1.1 100-Year Inundation Areas 
As mentioned above, Figure 3-1 depicts the ‘100-year Inundation Areas’ throughout the ASDD. The 

inundation areas, shown in blue hatching, represent the approximate areas of inundation for the low 

areas and ponding basins based on the City’s two-foot topographic data and the predicted water 

surface elevations for the 100-year frequency, 24-hour SCS Type II storm event. The flooded areas 

shown are generally ponding basins, but also include low areas such as parking lots and roads. The 

predicted 100-year high water elevations for the inundation areas are summarized in Table 5-1. 

5.1.2 Surcharged Conditions 
An XP-SWMM node (generally representing a manhole/catch basin or ponding basin) was 

considered surcharged if the hydraulic grade line at that node breached the ground surface. 

Surcharging is likely the result of limited downstream capacity or tailwater impacts. The detention 

areas were assumed to be surcharged if the modeled hydraulic grade line exceeds the basin’s control 

elevation (NWL). Figure 3-1 shows that several XP-SWMM nodes are predicted to experience 

surcharged conditions during the 2-year, 10-year and 100-year frequency, 24-hour storm events 

(shown in red). Many other XP-SWMM nodes are predicted to experience surcharged conditions 

during the 10-year and 100-year frequency, 24-hour storm events (shown in orange). These manhole 

and catch basin locations (shown in red and orange) are much more likely to experience inundation 

during the smaller, more frequent storm events of various durations and should be further evaluated 

for potential corrective measures. 
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5.1.3 Mall of America 
As discussed in Section 3.3.1, the Mall of America storm sewer system was modeled in detail to 

assess recent flooding that has occurred at several locations within the Mall of America property, 

most notable the Hiawatha LRT Station in the southeast corner of the site. Model results indicate that 

surcharged conditions can be expected to occur during the 10- and 100-year frequency, 24-hour 

rainfall events for several areas within the Mall of America site, including sub-drainage basins 

APS-92, APS-172, and APS-175 (see orange nodes in Figure 3-1). Surcharged conditions can be 

expected for several other sub-drainage basins within the Mall of America site for the 100-year 

frequency, 24-hour event (see yellow nodes in Figure 3-1). The predicted inundation areas as a result 

of the 100-year, 24-hour rainfall event for these sub-drainage basins are also shown in Figure 3-1. 

5.1.4 Infiltration Basin at Mall of America Recreational Vehicle Parking Lot 
(APS-42) 

The infiltration basin located within the Mall of America Recreational Vehicle Parking Lot was 

modeled as being dry prior to a storm event. The basin receives stormwater runoff only from its 

direct drainage area (Sub-drainage District APS-42) under normal circumstances. XP-SWMM 

modeling predicts zero discharge from the basin during a 2-year frequency, 24-hour event 

(Table 5-1), indicating that the runoff from the direct drainage area is not sufficient to fill the basin to 

levels that result in a discharge from the outlet structure. During large storm events, the basin 

receives backflow from the City’s trunk storm sewer system, thus providing regional stormwater 

detention. During the 10- and 100-year frequency, 24-hour events, the peak flows from the basin are 

negative (Table 5-1), indicating backflow from the City’s trunk storm sewer system. 

5.1.5 Inflows from the Smith Pond Drainage District 

As mentioned in Section 3.3.3, there is significant uncertainty in the predicted Wright’s Lake 

outflows from the Smith Pond – Wright’s Lake XP-SWMM model, due to the absence of an overflow 

conveyance from Wright’s Lake to TH 77 and the loss of significant runoff volumes from the system 

(surcharged water was not ‘captured’). As such, it is important to note that the peak outflows, the 

100-year high water levels and live storage results reported in Table 5-1 for the downstream Pond C 

(APS-74) should not be considered accurate and should be referenced with caution. Similarly, the 

XP-SWMM modeling results presented in Figure 3-1 for the storm water system downstream of the 

inflows from the Smith Pond Drainage District, such as inundation areas and surcharged conditions, 

should be considered approximate and should be referenced with caution. 
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5.2 Water Quality Modeling Results and Discussion 
When evaluating the results of the P8 modeling, it is important to consider that the results provided 

can be assumed to be more accurate in terms of relative differences than in the absolute values 

reported. The model will predict the percent difference in phosphorus reduction between various 

BMP options in the watershed fairly accurately. It also provides a realistic estimate of the relative 

differences in phosphorus load and runoff volume from the various P8 drainage basins and major 

outfalls from the ASDD. However, since runoff quality is highly variable with time and location, the 

phosphorus load estimated by the model for a specific drainage area may not necessarily reflect the 

actual load, in absolute terms. Various site-specific factors, such as lawn care or street sweeping 

practices, illicit point discharges and erosion due to construction are not accounted for in the model. 

The model provides values that are considered to be typical of the region, given the land uses 

identified for the watershed in question. 

The ASDD was divided into P8 drainage basins to facilitate hydrologic and phosphorus modeling 

(Figure 4-1). The P8 drainage basins for the Smith Pond and Wright’s Lake areas are not shown in 

Figure 4-1, but remain consistent with the P8 modeling completed in 2002. Storm water and 

phosphorus contributions were estimated from each P8 drainage basin using the P8 model. 

5.2.1 Areal Phosphorus Loading 
Figure 5-1 illustrates the areal phosphorus loading (lbs./acre/year) simulated by the P8 model for 

each P8 drainage basin under existing land use conditions. The color of each P8 drainage basin 

represents the phosphorus load being generated from each P8 drainage basin. As shown in 

Figure 5-1, the highest areal phosphorus loading occurs from the areas with the highest 

imperviousness (extent of hard surfaces such as buildings, and parking lots), such as the Mall of 

America site and other commercial areas within the drainage district. Impervious areas tend to collect 

dust, debris, lawn clippings and chemicals, automobile fluids, and trash, which are conveyed to the 

storm sewer system during runoff events. Note that the areal phosphorus loading represents the 

amount of pollutant generated and does not account for the pollutant removal achieved by stormwater 

BMPs. 

5.2.2 Pollutant Removal Effectiveness 
Much of the ASDD developed well before the era of water quality treatment standards and 

requirements. As a result, stormwater runoff from portions of the drainage district receives little or 
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no water quality treatment prior to discharge into downstream Long Meadow Lake. The City’s efforts 

to implement onsite water quality treatment requirements for more recent development and 

redevelopment projects and construction of regional water quality treatment basins have resulted in a 

reduction in ‘untreated areas’ and improvements in the quality of water discharged to Long Meadow 

Lake. 

The sediment and phosphorus removal efficiencies of the stormwater BMPs within the ASDD vary 

based on numerous factors, including the size and type of BMP, the volume and flow rate of storm 

water treated, and design details of the BMP. For water quality treatment ponds, design factors such 

as the size, shape, and outlet configuration can impact the pollutant removal effectiveness. The 

phosphorus removal efficiency of a pond or other BMP can also depend upon the sediment particle 

distribution of the inflowing storm water. Storm water that has been treated in upstream water quality 

ponds tends to have a higher fraction of soluble phosphorus, as much of the particulate phosphorus 

has already been settled out. Soluble phosphorus can be extremely difficult to remove through 

conventional BMPs, and therefore in some cases, the predicted removal efficiency of a pond can be 

negatively impacted by inflow from upstream BMPs with high fractions of soluble phosphorus. This 

effect can be especially pronounced with water quality treatment ponds located at the downstream 

end of a series of treatment ponds.  

Table 5-2 summarizes the predicted total suspended solids and total phosphorus removal efficiencies 

for an ‘average’ climatic year and for the 2-year frequency, 24-hour event.  

The P8 results indicate that the average annual Total Suspended Solids (TSS) removals range from 

eight percent (underground treatment structure) to nearly 100 percent (ponds/wetlands in the 

Minnesota River Valley that do not receive stormwater runoff from upstream drainage basins). The 

predicted removal efficiencies for the 2-year frequency, 24-hour event are generally lower than the 

annual averages. This outcome is consistent with the notion that BMPs are generally more effective 

in treating runoff from the smaller, more typical rainfall events than large storm events.  

The P8 results indicate that the average annual Total Phosphorous (TP) removals for the BMPs and 

natural wetlands within the ASDD range from one percent (underground treatment structure) to 

96 percent (ponds/wetlands in the Minnesota River Valley that do not receive stormwater runoff from 

upstream drainage basins). The predicted removal efficiencies for the 2-year frequency, 24-hour 

event are also generally lower than the annual averages. 
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Through on-site and regional BMPs and naturally occurring wetlands, results from the P8 model 

indicate that 52% of the annual total phosphorus load generated from the Smith Pond and Airport 

South Drainage Districts is removed prior to discharge to Long Meadow Lake. Approximately 80% 

of the annual total suspended solids load is removed upstream of Long Meadow Lake. 

5.3 Conclusions and Recommendations 

5.3.1 Water Quantity (Hydrology & Hydraulics) 

5.3.1.1 Storm Sewer System Level of Service 

Level of service is defined as the capacity provided by a drainage system to remove runoff and 

prevent significant interference with normal daily transportation, commerce, or access that might 

result from a rainstorm. For example, gutters might run full, but when the runoff arrives at a catch 

basin it would enter the catch basin and be carried away by the storm sewer. Intersections would not 

flood, and public infrastructure would operate normally. The current standard of practice is usually 

that conveyance systems be designed for the “10-year” storm event, which means that there is 

roughly a 10% probability in any year that the system will be overtaxed and unable to meet these 

criteria. In many communities, older systems were designed for smaller storm events such as a “2-

year” event or a “5-year” event. Intersection flooding is common in these areas. 

The XP-SWMM modeling results indicate surcharged conditions for some manholes/catch basins 

within the modeled storm sewer system for events as frequent as a 2-year event (shown in red, 

Figure 3-1). Most of these manholes/catch basins shown in red are associated with ponding basins 

(where flood levels beyond normal water levels are expected) or located within parking lots. Parking 

lot storage can be an effective way to detain stormwater in large storm events. However, as 

redevelopment occurs in these areas, the City may wish to evaluate the desired frequency of 

surcharging in these parking areas, as well as the depth of ponding, to avoid significant damage to 

vehicles parked in the inundated lots. 

The XP-SWMM modeling results indicate surcharged conditions for some manholes/catch basins for 

the 10-year event (shown in orange, Figure 3-1). Many of these surcharged manholes are located 

within the roadways of the drainage district, indicating that the trunk storm sewer does not provide a 

10-year level of service in these areas. As redevelopment occurs in the area or roadway 

improvements are completed by the City or other entities (state or county), consideration should be 

given to reducing or eliminating the surcharged conditions for a 10-year frequency event. 
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5.3.1.2 Storm Sewer System Level of Protection 

Level of protection is defined as the capacity provided by a municipal drainage system to prevent 

property damage and assure a reasonable degree of public safety following a rainstorm. For example, 

runoff might bypass a catch basin and collect in low-lying areas such as intersections, but would not 

cause flood damage to structures. Accumulated water might temporarily interfere with traffic or 

access, but public infrastructure should operate normally. The drainage system must have the 

capacity (in terms of pipe capacity and overland overflow capacity) to limit the flood elevation to 

acceptable levels for an event representing the protection criteria. 

A 100-year frequency event is usually recommended as a standard for design of ponding basins, thus 

providing a 100-year ‘level of protection’ to adjacent property owners. Federal and state programs 

use criteria based on an event with 1% probability to define the floodplain along rivers and streams, 

and cities and other drainage authorities commonly extend this standard to other areas. The criterion 

for level of protection has broader application, as well. In addition to ponding areas, lakes, and 

streams, this criterion should be applied to all locations served by the drainage system where there 

are depressed intersections or other areas subject to temporary, unplanned flooding. 

Figure 3-1 shows the approximate areas of inundation predicted for the 100-year frequency event. In 

general, the inundation areas represent ponding basins or natural depressions in the landscape, and 

significant inundation within the roadways was generally not predicted. However, the extent of 

inundation at the intersection of 80th Street and 28th Avenue is notable for the 100-year event. As 

redevelopment of this area occurs, it is recommended that the City evaluate options to reduce the 

extent of ponding at this intersection during large storm events. 

100-year inundation areas are also identified in Figure 3-1 for several parking lot areas, including the 

parking areas and driving lanes surrounding the Mall of America. It is recommended that the City 

compare the predicted 100-year flood levels with the low entry elevations of structures nearby the 

inundation areas, to evaluate the potential for property damage. 

5.3.1.3 Inflows from Smith Pond Drainage District 

As previously noted, there is significant uncertainty in the predicted Wright’s Lake outflows from the 

Smith Pond – Wright’s Lake XP-SWMM model, due to the absence of an overflow conveyance from 

Wright’s Lake to TH 77 and the loss of significant runoff volumes from the system (surcharged water 

was not ‘captured’). As a result, the peak outflows, the 100-year high water levels and live storage 



 

P:\Mpls\23 MN\27\2327I40 Airport South 
Modeling\WorkFiles\Report\Bloomington_Airport_South_Report_Final.doc 53 

 

results reported in Table 5-1 for the downstream Pond C (APS-74) should not be considered accurate 

and should be referenced with caution. Similarly, the XP-SWMM modeling results presented in 

Figure 3-1 for the storm water system downstream of the inflows from the Smith Pond Drainage 

District, such as inundation areas and surcharged conditions, should be considered approximate and 

should be referenced with caution. It is recommended that the City consider updating the Smith Pond 

– Wright’s Lake XP-SWMM model to improve the accuracy of flood level predictions for 

waterbodies within the Smith Pond Drainage District and improve the accuracy of flows to the 

ASDD. 

5.3.2 Water Quality 
Because much of the ASDD developed well before the era of water quality treatment standards and 

requirements, stormwater runoff from portions of the drainage district receive little or no water 

quality treatment prior to discharge into downstream Long Meadow Lake. However, the City’s 

efforts to require onsite water quality treatment for more recent development and redevelopment 

projects and construction of regional water quality treatment basins have resulted in a reduction in 

‘untreated areas’ and improvements in the quality of water discharged to Long Meadow Lake.  

Results from the P8 modeling indicate that approximately 52% of the total phosphorus load and 80% 

of the total suspended solids load generated from the Smith Pond and Airport South Drainage 

Districts are removed prior to discharge to Long Meadow Lake, based on existing land use 

conditions. Review of the predicted pollutant removal efficiencies indicates that infiltration BMPs 

are the most effective in removing both total suspended solids and total phosphorus from the 

stormwater runoff. Infiltration BMPs are especially fitting for the ASDD due to the sandy soils and 

the proximity to the airport (where standing water may encourage waterfowl populations). It is 

recommended that the City continue to encourage and/or require implementation of infiltration BMPs 

as the study area continues to redevelop. In addition, it is recommended that the City seek additional 

opportunities for infiltration BMPs when evaluating City-sponsored projects within the drainage 

district such as street reconstruction. 



2-Year (cfs) 10-Year (cfs) 100-Year (cfs)
2-Year 

(cfs)

10-Year 

(cfs)

100-Year 

(cfs)

APS-1 85M27-1-PVT13 4.4 1.1 1 7 16

APS-10 85A05-1-PVT10 12.1 80.5 21 37 56 Pond 1 8 16 808.0 812.8 2.3

APS-101 02J24 6.1 79.9 11 19 29

APS-102 02S15 5.9 40.0 6 15 26

APS-103 01T18 7.2 80.0 14 23 34

APS-104 01T26 2.4 80.0 5 8 11

APS-105 01R26 2.1 80.0 4 7 10

APS-106 01V26 1.8 80.0 3 6 9

APS-107 02J25 1.2 80.0 2 4 6

APS-108 01W39-1-PVT08 4.3 80.0 8 13 20

APS-109  1.6 79.8 3 5 8 100 Year Inundation Area 806.9

APS-11  30.0 74.4 52 93 141 Pond 26 45 79 803.3 808.1 3.6

APS-110 01H17-1-PVT01 9.5 80.0 18 30 45 100 Year Inundation Area 820.4

APS-111
1

01T08 17.2 55.6 24 51 78 100 Year Inundation Area 808.0

APS-112 01I07-1-PVT04 6.9 80.0 13 22 33

APS-113 01L26 3.3 67.9 5 10 15

APS-114 01T10-2-PVT56 16.5 80.0 30 52 78

APS-115 01H22 2.7 59.4 4 8 13

APS-117 01J17 4.5 80.0 9 14 21

APS-118 01M24 5.8 80.0 11 19 28

APS-119 01K07 2.0 80.0 4 7 10

APS-12 85L09-1-PVT05 6.1 41.0 7 17 27 100 Year Inundation Area 819.3

APS-120  5.9 22.9 3 9 19 100 Year Inundation Area 813.2

APS-121 02P15 9.4 80.0 18 31 45

APS-122 02Q14 8.0 79.1 15 26 38

APS-123 02R05 6.7 80.0 13 22 32

APS-124 04I52 5.0 39.2 6 14 22

APS-125
1

02A06 6.7 55.5 10 20 31 100 Year Inundation Area 806.0

APS-126 02U05 2.9 50.0 4 8 13

APS-127 01T10 2.5 80.0 5 8 12

APS-128 02K15 3.4 78.8 7 11 16

APS-129 02L08 2.7 80.0 5 9 13

APS-13 85L09 4.9 75.0 9 15 23

APS-130  2.7 41.9 3 8 12

APS-131  2.4 40.0 2 6 10 100 Year Inundation Area 809.7

APS-132 02T02 5.2 40.4 5 13 22

APS-133 02T15 15.4 37.2 14 36 64 100 Year Inundation Area 806.6

APS-134 02M05 4.1 55.5 6 12 19

APS-135 04N52 0.6 30.1 1 2 3

APS-136 04T50 1.7 32.2 2 5 7

APS-137 02T08 3.8 40.0 4 10 17

APS-138
1

02H05 6.0 55.4 9 18 27 100 Year Inundation Area 805.8

APS-139 02M02 2.2 50.0 3 6 10

APS-14 85L13 1.9 80.0 3 6 9

APS-140 02S06 0.9 50.0 1 2 4

Ponding Basin (and Inundation Area) Data

Table 5-1                                                                                                                                    

XP-SWMM Modeling Results for the Airport South Drainage District

100-Year 

Live 

Storage 

(ac-ft)

Sub-drainage Basin Peak Runoff Rates Peak Outflow
NWL 

(msl)

100-Year 

HWL (msl)

Sub-drainage Basin Data

Percent 

Impervious 

(%)

Sub-drainage 

Basin Area 

(ac)

Type

Subwatershed / 

Node ID
Manhole ID
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(cfs)

Ponding Basin (and Inundation Area) Data

Table 5-1                                                                                                                                    

XP-SWMM Modeling Results for the Airport South Drainage District

100-Year 

Live 

Storage 

(ac-ft)

Sub-drainage Basin Peak Runoff Rates Peak Outflow
NWL 

(msl)

100-Year 

HWL (msl)

Sub-drainage Basin Data

Percent 

Impervious 

(%)

Sub-drainage 

Basin Area 

(ac)

Type

Subwatershed / 

Node ID
Manhole ID

APS-141
1

02X02 1.6 50.0 2 5 7 100 Year Inundation Area 804.4

APS-142
1

 3.4 49.9 4 10 15 100 Year Inundation Area 795.2

APS-143 23E16 5.8 21.5 3 6 12

APS-144
1

23G05 7.9 40.5 8 21 34 100 Year Inundation Area 803.8

APS-145 23N11 12.4 20.8 7 21 43 100 Year Inundation Area 808.2

APS-146 23S03 6.4 49.6 9 19 29

APS-147
1

24B07 3.9 50.0 5 11 18 100 Year Inundation Area 797.2

APS-148
1

23U07-1-PVT02 3.8 35.3 4 10 17 100 Year Inundation Area 806.5

APS-149 23R16-1-PVT01 1.3 40.1 1 4 6

APS-15 85Y11 3.1 73.1 6 10 14

APS-150 23N15 2.2 20.0 1 3 6

APS-151
1

 3.1 50.0 4 9 14 100 Year Inundation Area 796.8

APS-152 23W07 1.8 50.0 3 5 8 100 Year Inundation Area 796.5

APS-153 23W08 1.4 50.0 2 4 6

APS-154 24K13 2.1 36.2 3 6 9

APS-155
1

23D03 3.5 50.0 5 10 16 100 Year Inundation Area 804.3

APS-156  7.8 34.8 7 20 33 Pond/Wetland 2 70 150 704.0 706.7 7.3

APS-157 01N39 2.2 74.5 4 7 10

APS-158 01V26-1-PVT19 1.5 80.0 3 5 7

APS-159 01V26-1-PVT06 1.7 100.0 3 5 8

APS-16 23S16 2.3 32.7 2 5 10

APS-160 01V26-1-PVT03 0.7 70.0 1 2 3

APS-161 01Z26-3 5.6 100.0 12 18 27

APS-162 02J25-1-PVT49 9.7 100.0 20 31 46 100 Year Inundation Area 805.6

APS-163 02J25-1-PVT19 5.2 100.0 10 15 23 100 Year Inundation Area 822.7

APS-164 02J25-1-PVT25 0.9 100.0 2 3 5

APS-165 02J25-1-PVT01 1.7 100.0 4 6 8

APS-166 02J25-1-PVT04 5.4 100.0 10 17 25

APS-167 02J25-1-PVT11 1.8 90.0 4 6 9

APS-169 02J25-1-PVT40 5.4 85.0 10 17 26

APS-17 86G02-1-PVT17 4.6 81.2 9 15 22

APS-170 02J25-1-PVT31 3.5 100.0 7 11 16

APS-171 02J25-1-PVT42 3.8 100.0 8 12 18 100 Year Inundation Area 805.6

APS-172 02J25-1-PVT44 3.8 95.0 8 13 19 100 Year Inundation Area 805.6

APS-173 01T10-1-PVT19 2.0 100.0 4 7 10 100 Year Inundation Area 823.0

APS-174 01T10-1-PVT04 2.5 95.0 5 8 12

APS-175  01T10-1-PVT14 2.4 90.0 5 8 11 100 Year Inundation Area 820.2

APS-18 02C52 3.5 79.9 7 11 17

APS-19 01G43-1-PVT02 5.0 80.0 10 16 24 100 Year Inundation Area 810.2

APS-2 85L24 3.2 74.5 6 10 15

APS-20 01M48-1-PVT06 5.9 80.0 12 19 28 100 Year Inundation Area 806.7

APS-21 01M47 1.3 80.0 3 4 6

APS-22  3.7 79.6 7 12 18 100 Year Inundation Area 809.3

APS-23 01G48 3.7 80.0 7 12 17

APS-24 01L52-1-PVT04 2.8 80.0 6 9 14
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XP-SWMM Modeling Results for the Airport South Drainage District

100-Year 

Live 

Storage 

(ac-ft)

Sub-drainage Basin Peak Runoff Rates Peak Outflow
NWL 

(msl)

100-Year 

HWL (msl)

Sub-drainage Basin Data

Percent 

Impervious 

(%)

Sub-drainage 

Basin Area 

(ac)

Type

Subwatershed / 

Node ID
Manhole ID

APS-26 01G52-1-PVT01 1.8 80.0 4 6 9

APS-27 01G43 0.6 80.0 1 2 3

APS-28 85G04 1.4 80.0 3 4 6

APS-29 01M40 2.3 79.1 5 7 11

APS-3 85L24-1-PVT06 2.7 80.6 5 9 13 Pond 4 5 7 800.0 802.1 0.3

APS-30 01M51 6.7 79.7 13 21 32

APS-31 01L52 1.5 79.9 3 5 7

APS-32 01M43 2.4 80.0 5 8 11

APS-33 01N47 6.2 80.0 11 19 29

APS-34 01M38-1-PVT03 30.1 0.2 2 25 68

APS-35 01G42 4.5 82.3 9 15 22

APS-36 01M29 3.7 80.0 7 12 18

APS-37 01V39-2-PVT03 1.1 80.0 2 3 5

APS-38 01R39-1-PVT04 3.1 80.0 6 10 15 100 Year Inundation Area 808.1

APS-39 01M32-1-PVT02 3.3 80.0 6 11 16

APS-4 85L21 3.5 80.0 6 11 17

APS-40 01P39-1 3.8 80.0 7 12 18 100 Year Inundation Area 808.3

APS-41 01V31 5.0 80.0 9 16 24

APS-42  30.4 82.1 56 96 144 Infiltration Basin 0 -8 -18 794.2 803.2 10.4

APS-43 02J39 4.1 79.9 8 13 20

APS-44 01Z39 5.2 80.0 10 17 25

APS-45 01Z28 3.8 80.0 7 12 18

APS-46 01Y27-1-PVT12 5.3 80.0 10 17 25 100 Year Inundation Area 807.7

APS-47 01Z31 4.9 80.0 9 15 23

APS-48 01M30 1.8 72.4 3 6 8

APS-49 01M38 1.2 63.8 2 4 5 100 Year Inundation Area 809.7

APS-5 85L19-1 11.4 79.5 21 37 54

APS-50
2

01M31 1.4 70.6 3 5 7 100 Year Inundation Area 809.8

APS-51 02B39-1-PVT05 6.9 80.9 13 22 33 Pond 2 3 4 808.5 812.1 1.4

APS-52 01Z35-1-PVT08 2.9 80.0 6 9 14

APS-53 02I45 5.7 39.9 6 15 25

APS-54 01V39-1-PVT01 8.0 80.7 14 25 38 Pond 10 13 19 801.9 813.2 0.6

APS-55 02M29 15.6 19.7 7 19 40 100 Year Inundation Area 806.7

APS-56 23U03 2.8 44.3 3 7 11

APS-57 02F46 3.3 80.0 6 11 16

APS-58 02J39-1-PVT05 2.2 80.4 4 7 11 Pond 3 4 5 808.5 811.4 0.3

APS-59  6.3 34.6 6 16 27 Pond 4 8 11 803.5 807.0 0.9

APS-60 01M41 8.1 41.7 8 17 30

APS-61 23A32-1-PVT15 10.8 80.1 21 35 51 Pond 20 31 42 796.0 801.3 0.6

APS-62 23A28 1.7 23.6 1 3 6

APS-63 02W27-1 9.3 26.2 6 14 27

APS-64 02Q26 1.5 3.2 1 4 6

APS-65 23L40 77.9 35.1 85 184 314 Wetland 4 12 24 702.0 704.3 22.3

APS-66 23L43 0.6 47.6 1 2 3 Pond 249 253 256 696.0 704.3 1.2

APS-67 23V36 11.3 93.1 25 38 55 Pond 9 11 13 696.0 704.1 56.6

APS-68 23E41 29.7 0.0 4 43 99
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XP-SWMM Modeling Results for the Airport South Drainage District

100-Year 

Live 

Storage 

(ac-ft)

Sub-drainage Basin Peak Runoff Rates Peak Outflow
NWL 

(msl)

100-Year 

HWL (msl)

Sub-drainage Basin Data

Percent 

Impervious 

(%)

Sub-drainage 

Basin Area 

(ac)

Type

Subwatershed / 

Node ID
Manhole ID

APS-69  9.9 51.6 17 30 46 Pond/Wetland 1 2 3 701.4 702.0 2.0

APS-70 24A15 3.2 25.1 2 7 13

APS-71 24M19 10.8 47.7 14 32 49

APS-72 24O18 1.7 50.0 3 5 8

APS-73 24Q18 1.2 50.0 2 4 6

APS-74
1

 25.8 42.7 40 76 117 SW 101 135 168 708.5 727.4 252.7

APS-75
1

 11.8 61.4 21 37 55 Pond -9 -48 -393 698.5 704.1 18.5

APS-76 23R19 2.4 20.0 2 6 10 Depression 2 6 17 783.9 789.8 0.9

APS-77 23Q23 6.4 19.8 3 9 20

APS-78 23R02 2.0 30.5 2 5 9

APS-79 23S20 1.0 20.0 1 2 4

APS-8 85L20 2.5 80.0 5 8 12

APS-80  0.9 40.0 1 3 4 100 Year Inundation Area 810.1

APS-81  3.2 20.0 2 6 11 100 Year Inundation Area 810.8

APS-82 23I16 10.5 20.0 5 16 33

APS-83 02R24 4.0 49.0 5 11 18

APS-84 23I20 1.5 19.6 1 4 6

APS-85 23L22 10.7 19.3 5 17 35

APS-86 23N17 6.0 20.1 3 9 19

APS-87 23B23 1.9 29.8 2 4 8

APS-88 23N22 5.3 20.4 3 9 18

APS-89 23A16 7.1 28.0 5 16 29

APS-9 85M15 7.1 79.6 14 23 34

APS-90 23W13 2.2 45.0 3 6 10

APS-91 23N19 2.0 20.0 1 5 8 100 Year Inundation Area 801.0

APS-92 01V26-6 1.6 85.0 3 5 8

APS-93 01R23 23.5 80.0 27 50 84 100 Year Inundation Area 816.0

APS-94 02J25-1-PVT55 8.9 100.0 18 29 42 100 Year Inundation Area 805.8

APS-95 02J26 1.7 80.0 3 5 8

APS-96 01Z26 1.0 80.0 2 3 5

APS-97  01T10-1-PVT22 4.6 84.9 9 15 22

APS-98 02N15 2.6 80.0 5 8 12

APS-99 02N27-1-PVT04 4.0 0.5 1 6 13

2
 100 year inundation elevation is from manhole 01M35.

1
 Basin Data results may be inaccurate due to uncertainty of predicted inflows from the Smith Pond-Wright 's Lake XP-SWMM model.
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Table 5-2 Pollutant Removal Efficiencies

OVERALL 80 52 69 31

204-SP Pond 76 45 65 24

303b-WL Pond 64 31 44 12

APS-10 Pond 87 58 76 35

APS-11 Pond 81 50 61 23

APS-156 Pond 99 70 99 48

APS-3 Pond 87 57 69 29

APS-42
2

Infiltration Basin 99 95 100 95

APS-51 Pond 76 45 57 19

APS-58 Pond 68 35 58 19

APS-59 Pond 62 28 57 19

APS-61 Pond 46 16 35 7

APS-63 Pond 27 4 27 3

APS-65 Pond 99 71 98 48

APS-75 Pond 100 16 98 20

APS-104a Infiltration Basin 99 96 100 96

APS-104b Underground Structure 46 19 31 6

APS-104c Infiltration Basin 99 96 100 96

APS-69 Pond 100 15 100 14

APS-66 Pond 20 3 14 1

APS-67 Pond 65 37 62 26

APS-74 Pond 79 44 64 24

APS-2 Underground Structure 8 1 5 <1

2-year, 24-hour 

TSS Load 

Reduction (%)

2-year, 24-hour 

TP Load 

Reduction (%)

1 - Based on 1995 Water Year (October 1/1994 - 9/30/1995) which is considered an average precipitation year

2 - Results reflect removal from direct drainage area only, and do not reflect that stormwater from the trunk storm sewer 

system will backflow into the basin during larger storm events

Annual TSS Load 

Reduction (%)
1

Annual TP Load 

Reduction (%)
1

Type of Water Quality 

Treatment Device
ID
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Appendix A 
 

December 2, 1998 Memorandum from Montgomery Watson 
regarding XP-SWMM Model Calibration 











































 

 

Appendix B 
 

Bloomington Airport South District Storm Water Treatment 
Feasibility Study, Prepared by SRF Consulting Group, Inc and 

Montgomery Watson Harza, March 12, 2002 
 








































































