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Definitions 
 
ANOVA – an Analysis of Variance (ANOVA) is a statistical test used for determining whether there is 
a statistically significant difference among three or more group sample means. 
 
Amortize – to reduce a debt by making payments against the principal balance in installments.  
Calculated over the life expectancy of the best management practice. 
 
Annual operating cost – the yearly cost of operation of the stormwater best management practice.  It 
includes the annual capital cost and the annual operation and maintenance cost.  
 
Annual projected – term used to refer to the amount of stormwater runoff volume, pollutant load, or 
cost incurred during a year with an average annual precipitation amount.  For the purposes of this report, 
the 1995 water year was used as the average precipitation year (annual projected).   
 
As-built – drawing or certification of conditions (of stormwater best management structures) as they 
were actually constructed. 
 
Baseflow – water flowing through the pipe during non-storm events, usually at a relatively constant, low 
discharge. 
 
Best management practice (BMP) – activities or behaviors that prevent or reduce the impacts of 
stormwater runoff. Stormwater BMPs are structural and non-structural practices intended to manage the 
quantity and/or quality of stormwater runoff.   
 
Bioretention (rain garden) – a stormwater best management practice structure that utilizes a 
depressional storage area, native landscaping, and soils to capture and treat stormwater runoff.  
Stormwater runoff accumulates in the depression areas where it is filtered through the soil media and/or 
utilized by native plants.   
 
Boxplot – a statistical method for graphically depicting groups of numerical data through their five-
number summaries, or their interquartile range (IQR). A boxplot may also indicate which observations 
might be considered outliers. Also known as a “box and whisker plot”. 
 
Bulk density – the measure of the mass of soil per unit volume, commonly expressed in lbs/cf.  Bulk 
density is dependent upon the mineral composition of the soil and its degree of compaction.  
 
Capital cost – the total cost of construction, engineering, and bond interest of a best management 
practice.  
 
Catch basin – a chamber, typically constructed at the curb line of a street, which captures and conveys 
stormwater runoff to a storm sewer or sub-drain.  A sediment sump, designed to retain gravel and 
detritus below the point of overflow, may be incorporated at the base of a catch basin.  
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Composite sample – a water sample that is composed of two or more discrete samples taken at 
specified discharge/time intervals.  The aggregate sample reflects the average water quality covering the 
sample period.  
 
Conveyance – a mechanism for transporting water from one point to another including pipes, ditches, 
and channels. 
 
Curve number – a numerical representation of a given watershed area’s impervious cover.  This is a 
unitless number used in the P8 Model to represent overall watershed land use based on total pervious 
area.  A pervious curve number (CN) ranges from 30 (indicating high infiltration) to 100 (indicating 
high runoff).   
 
Cumulative total phosphorous load – the combined load of total phosphorus (TP) removed by a best 
management practice, including: 1) the TP load removed through the infiltration of stormwater runoff 
and settlement of suspended particles, and 2) the TP load associated with the gross solids load which 
accumulated within the BMPs themselves and/or were captured by any pretreatment devices.   
 
Dead storage – the permanent pool volume located below the outlet structure of a stormwater best 
management practice.  Dead storage allows for water quality treatment, however, it does not provide 
water quantity treatment. 
 
Detention – the temporary storage of stormwater runoff in a stormwater best management practice 
structure with the goal of controlling peak discharge rates and providing gravity settling of pollutants. 
 
Detention facility/structure – an above or below ground facility, such as a pond or holding area, that 
temporarily collects and stores stormwater runoff and subsequently releases it at a slower rate than was 
collected, allowing for infiltration of the collected stormwater and gravity settling of pollutants.  The 
facility is not designed to create a permanent pool of water.   
 
Discharge – rate of flow, in a pipe or stream; commonly expressed as a volume per unit time, i.e. cubic 
feet per second (cfs). 
 
Drainage – refers to the collection, containment, conveyance, and/or discharge of surface and 
stormwater runoff. 
 
Drainage area (watershed) – the total area contributing runoff to a single point/area.  A watershed 
boundary is typically delineated by topography or other landscape features. 
 
Drainage basin (sub-watershed) – a geographic and hydrologic sub-unit of a watershed. 
 
Evapotranspiration – describes the sum of both evaporation and plant transpiration from a land surface 
to the atmosphere. Evapotranspiration (ET) is dependent on climatic factors, vegetation types, and soil 
types.  
 
Flow-weighted concentration – the total pollutant load divided by total flow, often expressed as mg/L. 
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Grab sample – a water sample obtained on a one-time basis.  The sample may be collected without 
consideration of the flow rate and/or without consideration of the time.  
 
Gross solids – all litter, organic debris, and coarse sediments (greater than 75 µm) that are transported in 
urban stormwater runoff.  Litter includes all human derived trash (e.g. paper, plastic, Styrofoam, metal).  
Organic debris consists of detritus from leaves, branches, twigs, and grass clippings.  Coarse sediments 
include inorganic materials greater than 75 µm, including soil particles, pavement breakdown, and 
building materials. 
 
Growing season – the annual period of time in which plant growth occurs. The length of a growing 
season is dependent on regional climate (temperature and precipitation) and location (elevation and total 
daylight hours).  In Minnesota, the growing season generally spans from June through September. 
 
Hydrodynamic structure – an engineered structure designed to separate sediments and oils from 
stormwater runoff through gravitational separation and/or hydraulic flow. 
 
Hydrograph – a graph of runoff rate, inflow rate, or discharge rate past a specific point over time. 
 
Impaired water body – a water body that does not meet water quality standards and designated uses 
because of pollutant(s), pollution, or unknown causes of impairment. 
 
Impervious surfaces – a hard surface that prevents the entry of water into the soil which results in 
direct stormwater runoff during a precipitation or melting event.  Common types of impervious surfaces 
include roads, sidewalks, driveways, parking lots, or rooftops covered by asphalt, concrete, roofing 
materials, or compacted earthen materials. 
 
Infiltration – the downward movement of water from the surface to the subsoil. 
 
Infiltration facility (or system) – a drainage facility designed to use the hydrologic process of 
stormwater runoff soaking into the ground, referred to as percolation, to dispose of stormwater runoff. 
  
Life expectancy – the anticipated length of time for a best management practice facility to perform at its 
maximum expected treatment capacity. 
 
Low impact development (LID) – a comprehensive land planning and engineering design approach 
with a goal of maintaining and enhancing the pre-development hydrologic regime of urban and 
developing watersheds. 
 
Manhole – an underground structure or chamber connected to a storm sewer that is capped with a 
manhole cover. The structure can be sumped to act as a pretreatment device to remove gross solids and 
other pollutants from stormwater. 
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Monitoring season – the annual time period, generally from April through November, in which CRWD 
collects data on the quantity and quality of its water resources at designated monitoring stations. 
Monitoring includes routine measurements of water quality and quantity in water bodies (i.e. lakes, 
ponds, and wetlands) and stormwater discharges through the municipal storm sewer system. The 
duration of the monitoring season is dependent on annual variations in temperature and precipitation. 
 
Nutrients – chemical elements, such as nitrogen and phosphorus, that naturally occur in the 
environment and are essential to plant growth and animal populations. In excess, elevated concentrations 
of nutrients from land use activity can become water quality contaminants because they promotes algal 
growth, eutrophication, and hypoxic conditions which are detrimental to aquatic health. 
 
Operation and maintenance (O & M) cost – the sum of labor, equipment and materials, and contract 
services costs for inspecting and maintaining stormwater best management practices.  
 
P8 model – The P8 Model (Program for Predicting Polluting Particle Passage through Pits, Puddles, and 
Ponds) is used for modeling stormwater runoff and pollutant production in small urbanized watersheds.  
The model generates continuous water-balance and mass-balance calculations to determine BMP 
performance and removal efficiency for flow and pollutants.   
 
Particle size distribution – a measurement designed to determine the size and range of a set of particles 
within a representative sample extracted from a material (e.g. soil, debris, bedload).  
 
Pollutant load – the total mass of a pollutant, often expressed in lbs or kg. 
 
Post-hoc Tukey Test – a statistical test that uses the results of ANOVA to perform a pairwise 
comparison of the sample means to see where the statically significant differences are.   
 
Performance efficiency – an analysis aimed at determining volume and pollutant load reductions and 
volume and pollutant removal efficiencies (performance) by a stormwater BMPs using monitored and 
modeled data. Efficiency is typically expressed as a percentage. Performance efficiency calculations 
assist in verifying overall BMP project success.  
 
Pretreatment unit – a device incorporated into the design of a stormwater BMP that is intended to 
capture stormwater and remove pollutants prior to the stormwater discharging in to the BMP facility.  
Pretreatment units prolong the life expectancy of the BMP by removing excess debris that would 
otherwise flow directly into the BMP.  
 
Probability plot – a statistically generated graph that shows the distribution of all data and the 
probability of occurrence for a parameter by percentile. 
 
R – a computer programming language and software package for statistical computing and graphics. 
 
Retrofit – modifying or upgrading stormwater management systems/practices in existing developed 
areas.  
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Riparian buffer – a vegetated area adjacent to a stream or water body that plays a critical role in water 
quality by intercepting sediment and pollutants in surface runoff. Riparian buffers also provide bank 
stabilization, water temperature moderation, aquatic species abundance, and terrestrial wildlife habitat.  
 
Removal efficiency – the ability of a stormwater best management practice to reduce stormwater runoff 
and remove pollutants.  Efficiency is typically expressed as a percentage.  It is calculated by dividing the 
total volume or pollutant load removed by the best management practice by the total volume or pollutant 
load which flowed into the best management practice. 
 
Storm flow – water flowing through the pipe during and after storm events.  Storm flow usually occurs 
for a short amount of time and has higher velocities than baseflow. 
 
Stormwater – water that is not infiltrated (runoff) into the soil during a precipitation or snowmelt event.    
 
Stormwater pond – a land depression or impoundment created for detaining or retaining stormwater 
runoff. 
 
Stormwater quality – a term used to describe the chemical, physical, and biological characteristic of 
stormwater runoff. 
 
Stormwater quantity – A term used to describe the volume characteristics of stormwater runoff. 
 
Sump – a design element, incorporated at the base of a catch basin or manhole, used to retain gravel and 
detritus below the point of overflow. 
 
SYSTAT – a software package used for statistics and statistical graphics.  
 
Total impervious fraction – an input parameter utilized in the calibration of the P8 Model that 
represents the percentage of the total area of the watershed being modeled covered by impervious 
surfaces.  
 
Total Maximum Daily Load (TMDL) – a calculation of the maximum amount of a pollutant that a 
water body can receive and still safely meet water quality standards as established by the EPA under 
section 303(d) of the Clean Water Act. 
 
Total phosphorus (TP) – a measure of both inorganic and organic forms of phosphorus within the 
water column, where it can be present as both dissolved and particulate matter.  Commonly reported in 
mg/L. Phosphorus is the most limiting nutrient to plant growth in fresh water. In excess, total 
phosphorus can cause algal growth and eutrophication in surface waters.  
 
Total solids load – includes the total amount of solids (gross and suspended) captured  by a stormwater 
best management practice as well as the amount of gross solids removed by any pretreatment devices 
discharging to the best management practice.  Total solids loads are expressed in pounds (lbs). 
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Total suspended solids (TSS) – all particles (< 63 µm in size), both organic and inorganic, suspended 
in and carried by the water.  Commonly reported in mg/L.  High levels of TSS in surface waters can be 
detrimental to aquatic species by reducing dissolved oxygen levels and burying benthic communities.  
 
Treatment train – a flow network of connected stormwater treatment facilities nested in line at various 
positions within a subwatershed to capture runoff and successively remove pollutants. 
 
Vacting – the process of removing debris, organic matter, and sediment from pretreatment devices with 
suction through the use of a vactor truck.   
 
Water year – any 12-month period usually selected to begin and end during a relatively dry season that 
is used as a basis for processing stream flow and other hydrologic data. In general, the period from 
October 1 to September 30 is most widely used in the United States.  
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1.  Executive Summary 
 
There has been a recent shift in watershed management approaches and concepts such as green 
infrastructure, innovative stormwater best management practices (BMPs), and low impact development 
(LID) have become increasingly more prevalent; particularly in the development/re-development of 
urban watersheds for stormwater quality improvements.   
 
The importance of staying current on new and innovative stormwater management approaches, given the 
urbanized nature of the District and limitations of traditional stormwater management practices, was 
identified in the Capitol Region Watershed District’s (CRWD) 2010 Watershed Management Plan 
(CRWD, 2010a).  Urban stormwater management is the primary focus for improving the quality of 
CRWD’s water resources; with efforts focused on investigating new stormwater management techniques 
and approaches including green infrastructure practices such as rain gardens, pervious pavement, green 
roofs, and integrated tree trenches.  Opportunities for BMP retrofits, which incorporate those innovative 
concepts, are being explored and incorporated in to CRWD projects. 
 
Como Lake (in St. Paul, MN) is a 303(d) impaired water (MPCA, 2011) and a key feature of one of the 
region’s largest and most visited parks; Como Park.  The Como Park Zoo and Conservatory offers a 
variety of activities and amenities to meet the recreational needs of the residents of St. Paul and 
surrounding communities; an estimated 3.5 million individuals visit the park annually (Metropolitan 
Council, 2011).  Como Lake has historically served a stormwater function and has been plagued by 
degraded water quality since development of the Como Subwatershed.  Documented problems such as 
poor water quality, sedimentation, and excessive vegetation have altered the ecological function and 
natural resource value of the lake; reducing its recreational value and ultimately that of Como Park.     
 
In an effort to improve the water quality of Como Lake and address intercommunity flooding issues, the 
cities of Falcon Heights, Roseville, and St. Paul along with Ramsey County and CRWD formed a 
partnership to conduct a hydrologic evaluation of the Como 7 Subwatershed in 2003 (CRWD, 2003).  
The Como 7 Subwatershed is one of eight smaller subwatersheds that comprise the larger Como 
Subwatershed and was prioritized for pollutant load reductions due to the intensive land uses and lack of 
existing structures to pretreat stormwater runoff.  The results of that study prompted the partnership to 
implement the Arlington Pascal Stormwater Improvement Project (Arlington Pascal Project). 
 
The Arlington Pascal Project was the first large-scale capital improvement project ($2.7 million), 
implemented by CRWD. The goals of the project, which included reducing the frequency of localized 
flooding and reducing the pollutant loading to Como Lake, were achieved through the construction of 
eighteen stormwater BMPs in the Como 7 Subwatershed.  Construction of the project BMPs 
commenced in 2005 and was completed in 2007.  The BMPs constructed included:  

 An underground stormwater storage and infiltration facility (Arlington-Hamline Underground 
Stormwater Facility/Arlington-Hamline Facility 

 A regional stormwater pond (Como Park Regional Pond) 
 Eight underground infiltration trenches 
 Eight rain gardens  
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Extensive monitoring and modeling efforts have been conducted by CRWD since the project BMPs 
became operational, to ascertain and track the overall operation and performance of the individual BMPs 
and the project as a whole.  Specifically, monitoring and modeling activities have aimed to determine 
BMP performance with regards to volume reduction, total phosphorous (TP) load removal, and total 
suspended solids (TSS) load removal.   
 
This report presents analysis on only modeled BMP performance results and actual maintenance data 
collected on the Arlington Pascal Project BMPs, from 2007 through 2010.  The analysis of actual 
monitoring data was excluded from this report; however, it was utilized for the calibration of the model.  
Overall, this report aims to present a comprehensive analysis on BMP performance and for determining 
overall project success to those decision makers, regulators, and practitioners interested or involved with 
stormwater management.   
   
Performance results, from 2007 to 2010 and for a year with an average precipitation amount (annual 
projected), for each BMP are presented in the individual chapters.  BMP performance results include 
annual volume and pollutant load reductions and annual removal efficiencies for volume, TP, and TSS 
by the BMPs only.  In addition, annual cumulative TP and total solids loads are also presented.  
Cumulative TP and total solids loads incorporate the TP and TSS loads removed through the infiltration 
of stormwater runoff and settlement of suspended solids, as well as, the loads removed through the 
accumulation of gross solids within the BMPs and any pretreatment units.  Gross solids include all litter, 
organic debris, and coarse sediments (greater than 75 µm) that are transported in urban stormwater 
runoff.     
 
On average 9.3 million cubic feet (cf) of stormwater runoff flowed to all Arlington Pascal Project BMPs 
annually, from 2007 through 2010.  Of that volume, on average of 20% (1.9 million cf) was removed 
each year; which was slightly less than the annual projected amount (2.1 million cf).  Annual stormwater 
volume reduction was strongly dependent on precipitation trends, especially in 2010, when a 24% 
increase in precipitation (above the 30-year normal amount) was observed.  Runoff flowing to and 
removed, by all BMPs in 2010; was more than one and one-half times greater than those amounts 
observed in previous years, which were drier than 2010.  Volume reduction costs for the entire project 
were consistent from 2007 to 2009 ($0.06 per cubic foot).  That cost was 50% less in 2010 ($0.03 per 
cubic foot); primarily due to the large volume reduction which occurred.   
 
The TSS load flowing to all BMPs, averaged 70,800 lbs each year from 2007 to 2010; of which an 
average of 57,100 lbs (81%) was removed.  This reduction exceeded the annual projected amount 
(38,300 lbs) by 39%.  The total solids load (includes TSS removed through infiltration and settling, as 
well as, gross solids captured by the pretreatment units and the BMPs) removed by all BMPs, averaged 
224,000 lbs each year from 2007 to 2010.  However, this did not exceed the annual projected load 
(232,400 lbs).  Although results vary annually for each individual BMP, the majority of the total solids 
load removed (75%) was due to gross solids captured by the BMPs and pretreatment units.  Project total 
solids removal costs have decreased since 2007; from $1.07 per pound to$0.34 per pound in 2010, 
which is more than three times less.     
 
From 2007 to 2010, on average, 159 pounds (lbs) of cumulative TP (collective amount of TP removed 
through infiltration and settling and TP in gross solids captured by the BMPs and pretreatment units) 
was removed by all BMPs, annually.  The portions of that reduction due to the various mechanisms, 
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including TP removed through infiltration of stormwater runoff and settling of suspended particles and 
TP contained in gross solids which accumulated in pretreatment units and the BMPs were fairly 
comparable.  An average of 82 lbs (52%) of TP was removed through infiltration and settling and 77 lbs 
(48%) of TP was removed through the accumulation of gross solids each year.  The average annual 
cumulative TP load (159 lbs) removed by all project BMPs was slightly greater than the annual 
projected load (155 lbs).  Like the total solids removal costs, the annual cumulative TP removal costs for 
the Arlington Pascal Project decreased from $1,100 per pound in 2007 to $395 per pound in 2010.    
 
In general, the overall performance of the project BMPs were exceptional, with nearly all annual volume 
and pollutant load reductions meeting or exceeding annual projected load reductions.  Volume reduction 
and pollutant removal costs for the individual BMPs have fluctuated annually, due to fluctuations in 
annual operating costs and in the amount of volume and pollutant load reductions occurring each year.  
However, pollutant removal costs for the entire project have illustrated a decreasing trend.   
 
The cost-benefit analysis was expanded to normalize capital (construction) costs and 35-year project 
operation and maintenance (O & M) costs by the contributing watershed area and amount of impervious 
surfaces.  These costs will serve as a base for District programs and processes.  The capital costs of all 
Arlington Pascal Project BMPs were $14,300 per watershed acre and $32,600 per acre impervious 
surfaces.  The 35-year projected O & M costs for all project BMPs were $5,400 per watershed area and 
$12,300 per acre impervious surfaces. 
      
The Arlington Pascal Project has been highly successful at volume and pollutant load reductions from 
the Como 7 Subwatershed.  The project has consistently exceeded the target annual TP load reduction 
goal for Como Lake since 2008; which represents the first year in which all project BMPs were 
operational (Table E-1).  Quantifiable results and impacts on the water quality of Como Lake, 
specifically related to these volume and load reductions, have yet to be extensively examined 
(measureable results may not be seen for many years).  However, the Arlington Pascal Project has been 
proven to be a cost-effective strategy, in comparison to the original proposal, for achieving target 
volume and pollutant load reduction goals.   
 
 
Table E-1.  Arlington Pascal Project annual TP load reductions in comparison to the target load reduction. 

 

TP Load 

Reduction (lbs)

2007 56

2008 151

2009 173

2010 256

Projected 155

Target 77
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2. Introduction  
 
In recent years, there has been a shift in watershed management approaches and innovative concepts 
such as green infrastructure, innovative stormwater best management practice (BMP) structures, and low 
impact development (LID).  
 
The importance of staying current on new and innovative stormwater management approaches given the 
urbanized nature of the District and limitations of traditional stormwater management practices was 
identified in the Capitol Region Watershed District’s (CRWD) 2010 Watershed Management Plan 
(CRWD, 2010a).  Urban stormwater management is the primary focus for improving the quality of 
CRWD’s water resources, with efforts focused on investigating new stormwater management techniques 
and approaches including green infrastructure practices such as rain gardens, pervious pavement, green 
roofs, and integrated tree trenches.  Opportunities for BMP retro-fits which incorporate those innovative 
concepts are being explored and incorporated in to CRWD projects. 
 
 

2.1. Report Overview 
 
This report represents an expansion of the CRWD Stormwater BMP Performance and Cost-Benefit 
Analysis (CRWD, 2010b).  This report also achieves the same four objectives as the previous report: 

 Describe the BMPs constructed and explain why they were built 
 Determine the volume and pollutant load reductions and volume and pollutant removal 

efficiencies (performance) of the BMPs 
 Determine the costs to design, construct, operate, and maintain the BMPs 
 Estimate the costs to remove pollutants (cost-benefit analysis) 

 
In addition, this report presents analysis on only modeled performance results and actual maintenance 
data collected on stormwater BMP structures monitored and maintained by CRWD (those BMPs 
constructed as part of the Arlington Pascal Stormwater Improvement Project), from 2007 through 2010.  
This report was also further expanded to include: 

 A synopsis of methodologies used to collect and analyze data obtained through monitoring from 
2007 through 2010 

 A more detailed overview of the modeling analysis completed 
 A statistical analysis of water quality data collected through monitoring 
 Refined results on gross solids, total solids, and total phosphorous loads accumulation within the 

BMPs and their respective pretreatment units 
 

 

2.2. Capitol Region Watershed District  
 
CRWD is a special purpose local unit of government that was formed in 1998 to manage and protect the 
water resources within its boundaries. CRWD is located in Ramsey County, Minnesota and has a 
population of approximately 245,000. The District encompasses 41 square miles, including portions of 
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five metropolitan communities (Falcon Heights, Lauderdale, Maplewood, Roseville, and St. Paul) 
(Figure 2-1).  Within the watershed, CRWD actively manages the integrity of four lakes (Como, Loeb, 
McCarrons, and Crosby), multiple wetlands, and stormwater runoff which drains from the watershed 
and flows to the Mississippi River.   
 
Historical development and current 
redevelopment have placed a significant burden 
on the health and sustainability of the water 
resources in CRWD.  Many natural areas in the 
watershed were developed over time and those 
that remain have been significantly degraded 
through development.  Many historical surface 
waters have also been altered, placed in 
underground pipes, or filled to make way for 
development.   
 
At present, CRWD is highly urbanized; 42% of 
the watershed is covered by impervious surfaces.  
Residential and impervious roadways are the two 
dominant land uses in the watershed.  
Impervious surfaces generate polluted 
stormwater runoff which causes environmental 
impacts such as poor water quality, increased 
peak storm flows, increased volumes of 
stormwater runoff, decreased groundwater 
recharge, increased flooding, and loss of aquatic 
and wildlife habitat.   
 
Stormwater runoff is the most significant source of water pollution in CRWD.  It carries and delivers 
detergents, fertilizers, pesticides, pet and wildlife waste, trash, nutrients, heavy metals, sediment, and 
other anthropogenic pollutants to local water bodies and wetlands.  Runoff is collected and conveyed 
through an extensive network of underground storm sewers, which replaced creeks and streams that 
formerly drained the watershed and flowed directly into the Mississippi River.  A total of 55 known 
outlet pipes discharge into the thirteen mile stretch of the Mississippi River bordering CRWD.       
 
 

2.3. Pollutants of Concern 
  
Two primary water quality constituents of concern in the District are phosphorous and sediment.  In 
excess, these two constituents have the potential to limit the effectiveness of biological processes and 
alter ecological processes through eutrophication and sedimentation. 
 
Phosphorous is a biological nutrient that limits the growth of algae in most lakes and streams.  It is often 
found in high concentrations in stormwater runoff.  In excess, it can cause the overgrowth of algae and 
aquatic plants in lakes and rivers, reducing dissolved oxygen levels and increasing turbidity of the water 

Figure 2-1.  Map of the Capitol Region Watershed    
District. 
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column.  Phosphorus contributes to nutrient impairments in water bodies, including Como Lake and the 
Mississippi River. Common sources of phosphorus include fertilizers from lawns and gardens, leaves 
and grass clippings, pet and wildlife waste, detergents used for car washing and laundry, automobile 
emissions, and wastewater treatment plant discharges.   
 
Sediment is another major constituent of stormwater runoff that negatively impacts water clarity and 
impairs benthic aquatic habitat.  The reduction or removal of sediment from stormwater is essential 
because other pollutants such as phosphorus adhere to soil particles.  Sediment contributes to turbidity 
impairments in water bodies, including Como Lake and the Mississippi River. Sediment originates from 
erosion of soil particles from construction sites, stream banks, and lake shores as well as sand applied to 
streets, highways, and parking lots for deicing in the winter months.   
 
Both historical and current water quality data of two District water resources, Como Lake and the 
Mississippi River, indicate that these water bodies are impaired for various pollutants, including 
nutrients, turbidity, and bacteria.  Como Lake and the Mississippi River are listed on the Minnesota 
Pollution Control Agency’s (MPCA) 2008 303(d) list of impaired waters (MPCA, 2008) for not meeting 
their designated uses for fishing, aquatic habitat, and recreation.  Additionally, both are listed on the 
draft 2010 303(d) list of impaired waters (MPCA, 2011).  These impaired waters require a total 
maximum daily load (TMDL) study, or pollution budget, for pollutants including bacteria, mercury, 
nutrients, polychlorinated biphenyls (PCBs), and turbidity.   
 
 

2.4. Stormwater Best Management Practices 
 
Stormwater BMPs are structural and non-structural practices intended to manage the quantity and/or 
quality of stormwater runoff.  Structural practices include a wide variety of practices such as green 
roofs, rain barrels, rain gardens, and stormwater ponds.  These practices rely on a combination of 
processes (biological, chemical, hydraulic, hydrologic, physical, etc.) to manage the quantity and 
improve the quality of stormwater runoff.    
 
Non-structural practices include pollution prevention (i.e. good housekeeping practices), education, and 
regulations.  Examples of pollution prevention and source control measures include street sweeping and 
debris removal from sumped devices (i.e. catch basin and manholes). The effectiveness of non-structural 
BMPs such as education and regulations are dependent upon behavioral change or enforcement.     
 
CRWD, in partnership with local units of government and other entities within the watershed, has been 
designing and implementing structural and non-structural stormwater BMPs to minimize the impacts of 
stormwater runoff and improve the water quality of CRWD water resources.  CRWD also operates and 
maintains several structural BMPs within the watershed and monitors their effectiveness at pollutant 
removal and stormwater volume reduction.  In addition, as a part of CRWD’s water quality and 
stormwater management rules, construction projects which disturb one-acre or more of land have to 
adhere to one or more rules regarding stormwater management, flood control ,wetland management, 
erosion and sediment control, and illicit discharge and connection.  
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2.5. Arlington Pascal Stormwater Improvement Project 

 
Como Lake is a key feature of one of the region’s largest and most visited parks, Como Park.  Como 
Park, adjacent to and buffering Como Lake, was established in 1873 and further developed to 
incorporate a zoo (in 1897) and a conservatory (in 1915).  Today the Como Park Zoo and Conservatory 
is comprised of 384 acres and offers a variety of activities and amenities (boating, fishing, golfing, 
conservatory, pavilion, zoo, etc.) to meet the recreational needs of the residents of St. Paul and 
surrounding communities.  The park receives an estimated 3.5 million visitors annually (Metropolitan 
Council, 2011).   
 
Como Lake has historically served a stormwater function and has been plagued by degraded water 
quality since development of the Como Subwatershed.  Early development consisted of agricultural land 
uses and continued through the mid 1900’s with the conversion of agricultural land to residential.  
Agricultural runoff and direct impacts by livestock gave way to an increase in the amount of impervious 
surfaces and a more direct hydrologic connection between the landscape and the lake.  Stormwater 
runoff, carrying nutrients and sediment, pose the most serious threat to water quality of the lake.  
Documented problems including poor water quality, sedimentation, and excessive vegetation have 
altered the ecological function and natural resource value of Como Lake.  In addition, the degraded 
water quality of Como Lake has reduced its recreational value and ultimately, that of Como Park.  
 
In an effort to improve the water quality of Como Lake and address intercommunity flooding issues, the 
cities of Falcon Heights, Roseville, and St. Paul along with Ramsey County and CRWD formed a 
partnership to conduct a hydrologic evaluation of the Como 7 Subwatershed in 2003 (CRWD, 2003).  
The Como 7 Subwatershed (298 acres) is one of eight smaller subwatersheds that comprise the larger 
Como Subwatershed (Figure 2-2) and was prioritized for treatment and pollutant load reductions due to 
the intensive land uses and lack of existing pretreatment.   
 
The results of the 2003 evaluation provided a framework from 
which to implement a plan (Arlington Pascal Stormwater 
Improvement Project) to meet outlined goals.  The goals of the 
Arlington Pascal Stormwater Improvement Project were to: 

1. Reduce the frequency and duration of flooding in Como 
7 and adjacent subwatersheds 

2. Address needed improvements in the storm sewer 
infrastructure within the subwatershed 

3. Improve water quality by reducing the amount of 
phosphorous that reaches Como Lake 

4. Determine an equitable distribution of costs for necessary 
improvements 

 
Initially, the proposed solution included the construction of a 
second 60-inch storm sewer pipe through the Como Park Golf 
Course that would convey untreated stormwater runoff to Como 
Lake.  This solution had an estimated cost of $2.5 million which did not include financing costs.  
Instead, CRWD and the project partners designed and constructed eighteen stormwater BMPs located 

Figure 2-2.  Como 7 Subwatershed 
project area. 
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throughout the Como 7 Subwatershed (Figure 2-3) that achieved the project goals and included water 
quality benefits, at a lower cost of approximately $2.0 million (financing costs not included).   
 
The eighteen BMPs constructed in the Como 7 Subwatershed were: 

 Eight rain gardens 
 Eight underground infiltration trenches 
 An underground stormwater storage and infiltration system (Arlington-Hamline Underground 

Stormwater Facility/Arlington-Hamline Facility) 
 A regional stormwater pond (Como Park Regional Pond) 

 
The BMPs form a treatment train of stormwater BMPs nested within the Como 7 Subwatershed (Figure 
2-4).  The drainage areas to the stormwater BMPs cover 64% (190 acres) of the Como 7 Subwatershed 
(Figure 2-3).  Construction of BMPs commenced in 2005 and was completed in late December 2007 
when the Como Park Regional Pond became operational.   
 
CRWD monitors the performance of these BMPs and also conducts regular inspections and maintenance 
to ensure they are functioning properly.  The inlets and outlets of the Arlington-Hamline Facility, Como 
Park Regional Pond, and two out of the eight infiltration trenches (Trenches 4 and 5) are monitored for 
water quality and/or flow while the rain gardens are monitored for peak water levels only.  
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Figure 2-3.  Arlington Pascal Stormwater Improvement Project BMPs and drainage area locations. 
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Figure 2-4.  Arlington Pascal Project BMP flow network.  
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3. Arlington Pascal Stormwater Improvement Project   
 

3.1. Project Foundations 
 
In 1998, a group of Saint Paul citizens petitioned to the Minnesota Board of Soil and Water Resources 
(BWSR) to create CRWD for the purpose of addressing local watershed management issues.  A list of 
watershed management issues was compiled in the initial petition (CRWD, 1998), including: 
 

 Gottfried’s Pit Flooding   
 Stormwater runoff from the City of Falcon Heights and the City of Roseville was identified as 

the main source of floodwaters to Gottfried’s Pit.  Floodwater damage was frequently sustained 
by property owners on the south side of Larpenteur Avenue, adjacent to Gottfried’s Pit.  It was 
noted that a number of BMPs existed; however, even with those improvements flooding 
remained problematic. 

 
 Water Quality of Como Lake  
 The citizens noted that target pollution loads for Como Lake had not been developed and they 

expressed concern about the quality and quantity of stormwater discharges entering the water 
body.  It was identified that large portions of the stormwater discharges entering Como Lake 
(over 800 acres) were generated from the City of Falcon Heights and the City of Roseville.   

 
 Additionally, the formation of large sediment deltas in Como Lake was noted as an issue of 

concern.  The sediment creating the plumes was stated to be from a variety of sources in the 
Cities of Falcon Heights, Roseville, and St. Paul.   

 
 It was also stated that two stormwater ponds, located on the Como Park Golf Course, were 

inadequately sized to provide sufficient treatment of stormwater runoff which flowed into the 
ponds and discharged to Como Lake.  

 

3.1.1. Gottfried’s Pit 
 
Gottfried’s Pit is a stormwater retention pond located on the north side of Larpenteur Avenue at Chelsea 
Street in the City of Roseville (Figure 3-1).  Gottfried’s Pit has a 522 acre drainage area and a storage 
volume of approximately 500,000 cubic feet.  Collectively, the retention pond receives stormwater 
runoff from the Cities of Falcon Heights, Roseville, and St. Paul.  Gottfried’s Pit is equipped with a lift 
station that pumps water out of the pit and into storm sewers in the City of St. Paul; ultimately 
discharging to the Como Park Regional Pond and then to Como Lake.  Normal water level of Gottfried’s 
Pit is 894 feet.  The lift station is activated to pump out water when the water elevation reaches 897 feet.     
 
Gottfried’s Pit itself is not a main focus of this report; however, it is important to mention when 
discussing the Como Park Regional Pond because Gottfried’s Pit discharges into the pond.   
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Figure 3-1. Location of Como Lake and Gottfried’s Pit in relation to the Arlington Pascal Stormwater 

Improvement Project location. 
 
 

3.1.2. Como Lake 
 
Como Lake is a 67 acre lake with a maximum depth of 15.5 feet. This shallow urban lake is located in 
the City of St. Paul where surrounding land uses are primarily residential and open space.  Como Lake is 
classified as a shallow lake because nearly 100% of the lake is in the littoral zone.  Como Lake is listed 
on the Minnesota Pollution Control Agency’s 303(d) list of impaired waters due to excessive nutrients 
(MPCA, 2011).   
 
Como Lake has historically served a stormwater function and has been plagued by degraded water 
quality since development of the Como Subwatershed.  Early development in the Como Subwatershed 
consisted of primarily agriculture land uses and continued through the mid 1900’s with the conversion 
of agriculture land to residential land, with an extensive network of roads.  The water quality of Como 
Lake was likely impacted by early development due to agricultural runoff and was directly impacted by 
livestock.  Additionally, later development and an increase in the amount of impervious surfaces 
resulted in increased stormwater runoff and a more direct hydrologic connection between the landscape 
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and the lake.  Stormwater runoff, carrying nutrients and sediment, pose the most serious threat to water 
quality of the lake.  Documented problems, including poor water quality, sedimentation, and excessive 
vegetation have altered the ecological function and natural resource value of Como Lake.   
  
Como Lake is a key feature of one of the region’s largest and most visited parks, Como Park.  Como 
Park, adjacent to and buffering Como Lake, was established in 1873.  The park was further developed to 
incorporate a zoo (in 1897) and a conservatory (in 1915).  Today the Como Park Zoo and Conservatory 
is comprised of 384 acres and offers a variety of activities and amenities (boating, fishing, pavilion, zoo, 
conservatory, fishing, boating, golfing, etc.) to meet the recreation needs of the residents of St. Paul and 
surrounding communities.  The park receives over an estimated 3.5 million visitors annually 
(Metropolitan Council, 2011).  The degraded water quality of Como Lake has reduced its recreational 
value and ultimately that of Como Park.    
 
To further emphasize the historical water quality issues and importance of this resource, in CRWD’s 
2000 Watershed Management Plan, it was stated that Como Lake is a major recreation amenity and 
community resource that is afflicted with poor water quality, sedimentation, and excess vegetation 
(CRWD, 2000).  It was identified in Section IV-I that CRWD would propose a management program to 
implement the Como Lake Strategic Lake Management Plan, which was being developed alongside the 
watershed management plan.   
 
The Como Lake Strategic Management Plan was completed in 2002 (CRWD, 2002).  The goals of the 
report were to identify important lake management issues and implementation activities.  The report 
ultimately described an implementation work plan for stakeholder groups to achieve a goal of 60% 
annual phosphorous load reduction by remediating surface runoff with stormwater BMPs.  The 
stakeholders involved included the following organizations: 
 CRWD 
 The City of Falcon Heights  
 The City of Roseville 
 The City of St. Paul 

 The Minnesota Department of Natural Resources  
 Ramsey County  
 The St. Paul Community Council – District 10

CRWD prioritized several activities for implementation within the first five years following adoption of 
the plan.  One of those activities was the ‘Subwatershed Loading Plan’ (CRWD, 2002).  The loading 
plan focused on maximizing phosphorous load reductions in the individual Como Subwatersheds.  Using 
a variety of combinations of stormwater BMPs, phosphorous load reductions were modeled in order to 
maximize the nutrient load reductions within the smaller Como Subwatersheds.   The Como 3, 4, and 7 
Subwatersheds were prioritized for treatment and pollutant load reductions due to the intensive land uses 
and lack of existing stormwater pretreatment.  The end result provided a framework for general BMP 
selection, construction costs, and operation and maintenance costs for each Como Subwatershed to 
achieve the target 60% phosphorous load reduction.     
 
 

3.2. Project Planning 
 
Since 1996, the City of St. Paul has been implementing a residential street vitality program.  The 
program aims at improving and upgrading 10-15 miles of unpaved and older streets each year.  In 
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addition to street upgrades, tree and lighting improvements are completed as well as upgrades to public 
and private utilities and the incorporation of stormwater management techniques.   
 
Neighborhoods within the Como 7 Subwatershed were on the street improvement project schedule for 
2005.  In preparation for the upcoming street project, the City of St. Paul completed a hydrologic model.  
The model identified several under capacity storm sewer pipes and several areas with potential for 
localized flooding due to storm sewer surcharge and overland flow from the Como 7 Subwatershed.  
The City of St. Paul developed a preliminary plan (constructing a 60-inch storm sewer parallel to an 
existing 60-inch storm sewer through the Como Park Golf Course) to address these issues.  This solution 
had an estimated cost of $2.5 million which did not include any financing costs.   
 
Other communities were also contributors to the drainage and flooding problems in St. Paul.  The City 
of Falcon Heights, the City of Roseville, and Ramsey County recognized their roles and agreed to be 
involved in resolving the issues.  These four local government units approached CRWD to facilitate the 
process.  CRWD’s role was to resolve the inter-community flow issues and manage the quantity and 
quality of stormwater runoff discharging to Como Lake.   
 
All of these entities formed a partnership to conduct a hydrologic evaluation of the Como 7 
Subwatershed in 2003 to achieve four primary goals: 

1. Reduce the frequency and duration of flooding in Como 7 and adjacent subwatersheds 
2. Address needed improvements in the storm sewer infrastructure within the subwatershed 
3. Improve water quality by reducing the amount of phosphorous that reaches Como Lake 
4. Determine an equitable distribution of costs for necessary improvements 

 
The hydrologic evaluation model was completed for two watersheds; the Como 7 Subwatershed and the 
Gottfried’s Pond Subwatershed (which discharges into Gottfried’s Pit).  The results of the evaluation 
provided a framework from which to implement a project (the Arlington Pascal Stormwater 
Improvement Project) designed to meet the evaluation goals.   
 
Through discussion and public participation, CRWD and partners further refined the evaluation 
solutions and implemented the Arlington Pascal Stormwater Improvement Project.  The project detailed 
the design and construction of eighteen stormwater BMPs, all retro-fits of developed areas, spread 
throughout the Como 7 Subwatershed (Figure 2-3).  These BMPs not only achieved the project goals at 
a lower cost than the original solution (the project cost was approximately $2.0 million which does not 
include financing costs), but also provided water quality benefits consistent with the phosphorous 
reduction goals outlined in the Como Lake Strategic Management Plan (CRWD, 2002).   
 
The 18 BMPs constructed through the Arlington Pascal Stormwater Improvement Project were: 

 Eight rain gardens 
 Eight underground infiltration trenches 
 An underground stormwater storage and infiltration system (Arlington-Hamline Underground 

Stormwater Facility/Arlington-Hamline Facility) 
 A regional stormwater pond (Como Park Regional Pond)   
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3.3. Project Costs and Features 
 
The Arlington Pascal Stormwater Improvement Project had a total capital cost of approximately $2.7 
million, which included the cost of design and construction and also bond interest paid by CRWD 
(Table 3-1).   
 
The BMPs are nested together and form a treatment train that cumulatively has a drainage area of 
approximately 190 acres (Table 3-2, Figure 2-3).  Combined, the BMPs have a storage area of 141,553 
square feet (ft²) and 444,390 cubic feet (cf) of dead storage volume.   
 
Of all the BMPs, the Como Park Regional Pond has the largest drainage area, storage area, and storage 
volume.  It alone accounted for 50% of the total project capital cost, primarily due to higher costs for 
design and construction than any other BMP.  However, the pond had the lowest unit capital cost per 
storage volume at $4.52/cf (Table 3-3).  The infiltration trenches combined had the highest unit capital 
cost per storage volume of the BMPs at $10.71/cf.  Collectively, the eight rain gardens have the smallest 
drainage area and storage volume and lowest capital cost.  The unit capital costs for all rain gardens 
were some of the lowest of all of the BMPs; the lowest cost per area and the second lowest cost per 
storage volume.  However, unit capital costs for each individual rain garden varies. 
 
Construction of the Arlington Pascal Project BMPs began in 2005.  The last BMP to be constructed, the 
Como Park Regional Pond, was completed in 2007.  CRWD assesses the performance of all 18 BMPs 
and conducts regular inspections and maintenance to ensure proper function.  
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Table 3-1.  Capital costs of the Arlington Pascal Project and individual BMPs. 

Design Construction Bond Interesta Total Cost

Arlington‐Hamline Facility $86,636 $487,488 $224,963 $799,087

Como Park Regional Pond $147,926 $832,357 $384,063 $1,364,346

Infiltration Trench 1 $2,400 $11,998 $5,642 $20,039

Infiltration Trench 2 $3,569 $17,846 $8,392 $29,807

Infiltration Trench 3 $10,583 $52,916 $24,884 $88,383

Infiltration Trench 4 $10,369 $51,845 $24,380 $86,595

Infiltration Trench 5 $3,091 $15,454 $7,267 $25,812

Infiltration Trench 6 $4,163 $20,815 $9,788 $34,766

Infiltration Trench 7 $3,479 $17,397 $8,181 $29,058

Infiltration Trench 8 $10,250 $51,249 $24,100 $85,599

Infiltration Trenches Total $47,904 $239,521 $112,635 $400,060

Arlington‐McKinley Rain Garden $494 $2,471 $1,150 $4,116

Asbury North Rain Garden $1,106 $5,532 $2,607 $9,246

Asbury South Rain Garden $1,433 $7,164 $3,374 $11,970

Frankson‐McKinley Rain Garden $1,309 $6,545 $3,067 $10,921

Hamline Midway Rain Garden $12,365 $61,824 $28,983 $103,172

Pascal Center Rain Garden $648 $3,239 $1,533 $5,421

Pascal North Rain Garden $806 $4,028 $1,917 $6,750

Pascal South Rain Garden $1,032 $5,162 $2,454 $8,648

Rain Gardens Total $19,193 $95,966 $45,085 $160,244

Project Total:  $301,659 $1,655,332 $766,746 $2,723,737
a
Does  not include bond interest paid by project partners.
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Table 3-2.  Features of the BMPs.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Drainage Area 

(acre)a
Percent 

Impervious 

Storage Area 

(ft²)

Storage 

Volume (cf)

Arlington‐Hamline Facility  50.00 44% 11,761 85,813

Como Park Regional Pond 128.00 39% 91,912 301,871

Infiltration Trench 1 0.74 47% 1,507 1,871

Infiltration Trench 2 0.84 49% 2,169 2,783

Infiltration Trench 3 3.21 36% 5,066 8,252

Infiltration Trench 4 5.29 37% 4,883 8,085

Infiltration Trench 5 1.28 40% 1,725 2,410

Infiltration Trench 6 2.60 40% 2,209 3,246

Infiltration Trench 7 1.63 44% 1,982 2,713

Infiltration Trench 8 7.08 39% 4,870 7,992

Infiltration Trenches Total 22.67 39% 24,411 37,352

Arlington‐McKinley Rain Garden 0.37 41% 767 349

Asbury North Rain Garden 0.40 43% 945 1,045

Asbury South Rain Garden 1.08 31% 1,712 2,113

Frankson‐McKinley Rain Garden 2.81 33% 2,078 2,492

Hamline Midway Rain Garden 10.47 18% 6,364 12,576

Pascal Center Rain Garden 0.13 46% 536 227

Pascal North Rain Garden 0.46 28% 357 209

Pascal South Rain Garden 0.36 24% 710 344

Rain Gardens Total 16.08 23% 13,469 19,354

Project Total: 189.95 44% 141,553 444,390
a
 BMPs  are nested and have overlapping drainage areas.  The total  project drainage area does  not include 

overlapped drainage areas.
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Table 3-3.  Arlington Pascal Project and individual BMP capital costs per unit. 

 
 
 

3.4. Target Total Phosphorus Load Reductions 
 
The 2003 hydraulic evaluation of the Como 7 Subwatershed determined target TP load reductions for 
the project BMPs that were consistent with the phosphorous load reduction goals outlined in the Como 
Lake Strategic Management Plan (CRWD, 2002).  Table 3-4 presents the target TP load reductions by 
BMP type.   
 
Preliminary plans of the Arlington Pascal Project BMPs initially depicted a series of boulevard rain 
gardens instead of the underground infiltration trenches.  Also, the plan detailed a stormwater pond 
instead of the underground Arlington-Hamline Facility.  The underground infiltration trenches and 
Arlington-Hamline Facility were designed and constructed to meet the target TP load reductions 
outlined in the 2003 hydraulic study.  The target TP load reduction for the infiltration trenches and rain 
gardens reflects a combined TP load reduction for all preliminarily designed rain gardens. 
 
 
 
 

Cost/ft² Cost/cf

Arlington‐Hamline Facility  $67.94 $9.31

Como Park Regional Pond $14.84 $4.52

Infiltration Trench 1 $13.30 $10.71

Infiltration Trench 2 $13.74 $10.71

Infiltration Trench 3 $17.45 $10.71

Infiltration Trench 4 $17.73 $10.71

Infiltration Trench 5 $14.96 $10.71

Infiltration Trench 6 $15.74 $10.71

Infiltration Trench 7 $14.66 $10.71

Infiltration Trench 8 $17.58 $10.71

Infiltration Trenches Total $16.39 $10.71

Arlington‐McKinley Rain Garden $5.37 $11.81

Asbury North Rain Garden $9.78 $8.84

Asbury South Rain Garden $6.99 $5.67

Frankson‐McKinley Rain Garden $5.26 $4.38

Hamline Midway Rain Garden $16.21 $8.20

Pascal Center Rain Garden $10.12 $23.93

Pascal North Rain Garden $18.90 $32.28

Pascal South Rain Garden $12.18 $25.13

Rain Gardens Total $11.90 $8.28

Project Total: $19.24 $6.13
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Table 3-4.  2003 target Arlington Pascal Project and individual BMP TP load reductions. 

 
 
 
 

BMP

TP Load In 

(lbs)a

TP Load 

Removed 

(lbs)a
% TP 

Removala

Arlington‐Hamline Facility 29 12 42%

Como Park Regional Pond 76 41 54%

Rain Gardens and Underground Infiltration Trenches NA 24 NA 

77 Annual Project TP Load Reduction:
a
 Represents  annual  loads  and reductions.
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4. Methods 
 

4.1.   Monitoring Methods 
 
CRWD began monitoring BMPs constructed for the Arlington Pascal Stormwater Improvement Project 
in 2007.  First year monitoring activities evaluated water quality and/or quantity data from the 
Arlington-Hamline Facility, two underground infiltration trenches (Trenches 4 and 5), and eight 
constructed rain gardens.  In 2008, BMP monitoring expanded to include the Como Park Regional Pond.  
Table 4-1 lists current BMP monitoring sites.   
 
Water quantity and quality data has been consistently collected from 2007 through 2010 for the 
monitored Arlington Pascal Project BMPs.  Data collection generally occurred during the monitoring 
season (April through November) of each year, however, actual dates varied annually based on weather 
conditions.   
 
 
Table 4-1.  2011 BMP monitoring sites. 

 

Monitoring Site Name

Monitoring 

Period  Monitoring Site Typea
Monitoring 

Equipment

Arlington‐Hamline Facility

Arlington‐Hamline Facility Inlet 2007‐2010 Water Quantity & Quality ISCO 6712

Arlington‐Hamline Facility Outlet 2007‐2010 Water Quantity & Quality ISCO 6712

Como Park Regional Pond

Como Park Regional Pond 2008‐2010 Continuous Level Global Water

Como Park Regional Pond Inlet 2008‐2010 Water Quantity & Quality ISCO 6712

Como Park Regional Pond Oulet 2008‐2010 Water Quantity & Quality ISCO 6712

Underground Infiltration Trenches

Trench 4 East 2007‐2010 Water Quantity & Quality ISCO 6712

Trench 4 East Overflow 2007‐2010 Water Quantity ISCO 2150

Trench 4 West 2007‐2010 Water Quantity ISCO 2150

Trench 4 West Overflow 2007‐2010 Water Quantity ISCO 2150

Trench 5 East 2007‐2010 Water Quantity ISCO 2150

Trench 5 East Overflow 2007‐2010 Water Quantity ISCO 2150

Rain Gardens

Arlington‐McKinley 2007‐2010 Peak Level Crest Gauge

Asbury North 2007‐2010 Peak Level Crest Gauge

Asbury South 2007‐2010 Peak Level Crest Gauge

Frankson‐McKinley 2007‐2010 Peak Level Crest Gauge

Hamline Midway 2007‐2010 Peak Level Crest Gauge

Pascal Center 2007‐2010 Peak Level Crest Gauge

Pascal North 2007‐2010 Peak Level Crest Gauge

Pascal South 2007‐2010 Peak Level Crest Gauge

 
a
 'Peak Level' sites  have a manual  crest gauge which records  peak water level  of a storm event.  'Continuous  Level' 

sites  have a level  logger which records  continuous  water level  data.  'Water Quantity' sites  have a flow logger 

which records  continuous  flow data.  'Water Quantity and Quality' sites  have an automated sampler and flow 

logger which records  continuous  flow data and collects  water quality samples.
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4.1.1. Data Collection Methods 
 
Data collection methods and equipment at each monitoring site were dependent on site characteristics 
and specific data needs.  Each BMP monitoring site had a flow module and/or water quality sampler 
installed during the monitoring season.  The following water quantity and water quality sampling 
equipment were used to collect data at one or more of the Arlington Pascal Project BMPs:  

 ISCO 6712 Portable Sampler with ISCO 750 Area Velocity Flow Module; 
 ISCO 2150 Area Velocity Flow Module; 
 ISCO 4120 Level Logger; 
 Global Water Level Logger. 

 
An ISCO 6712 portable sampler includes an ISCO 750 Area Velocity Flow Module, automated water 
sampling capability, and flow data storage.  An area-velocity sensor is secured to the bottom of the main 
pipe and connected to the flow module.  Once in place, the sampler is programmed to record water depth 
(level) and velocity every ten minutes.   
 
The sampler is also programmed to take water quality samples during a storm event by setting a trigger.  
The trigger can be a specific high water level or velocity that indicates to the sampler that a storm event 
is occurring.  Once triggered, the sampler begins extracting samples at a pre-programmed, flow-paced 
rate; meaning a sample is taken after a specified quantity of water has passed over the sensor.  The 
purpose of flow-paced sampling is to collect samples over the entire rise and fall of the storm 
hydrograph in order to extract a fully representative sample of a storm event, rather than taking a single 
grab sample.   
 
Two different ISCO 6712 sampler sizes were used: a compact sampler and a full-size sampler.  A 
compact sampler can collect up to 48- 200 milliliter (mL) discrete samples, and a full-size sampler can 
collect up to 96- 200 mL discrete samples.  Following a storm event, all samples were collected and 
composited to produce one 4,000 mL composite sample for lab analysis.   

Water quality samples collected, were submitted to the Metropolitan Council Environmental Services 
(MCES) Laboratory for analysis.  A list of chemical parameters analyzed, method of analysis used, and 
holding times are shown in Table 4-2.  If sample collection occurred after the holding time of a given 
chemical parameter had expired, lab analysis for the expired parameter(s) was not completed.  Grab 
water samples for Escherichia coli (E. coli) were collected directly into sterilized containers during 
storm events.  
 
ISCO 2150 Area Velocity Flow Modules were utilized at the infiltration trench monitoring sites to 
record continuous water level and velocity data throughout the monitoring seasons.  An ISCO 2150 unit 
has a sensor that is installed in a pipe and uses acoustic Doppler technology to determine water level and 
velocity by bouncing sound waves off suspended particles in the water.  Once a sensor was secured in a 
trench pipe, the flow module was programmed to record water depth (level) and velocity.   
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Figure 4-1.  An illustration of a  
   manual crest gauge. 

Table 4-2.  Water quality sample parameters, analysis methods, reporting limits, and holding times 
analyzed by MCES laboratory. 

 
 
 
An ISCO 4120 Level Logger was installed at one location: the 
Arlington-Hamline Facility Pipe Gallery.  This unit uses a 
pressure transducer to record continuous water level through a 
sensor that is mounted at the base of a pipe.  Similarly, a Global 
Water Level Logger unit (used at Como Park Regional Pond) has 
an internal pressure transducer, which is submerged to a stake in 
the pond, to monitor continuous water levels.  
 
In addition, manual crest gauges were used to monitor peak levels 
of storm events in all eight rain gardens.  Each crest gauge 
consists of a PVC pipe with perforations in the bottom portion 
and caps on both ends, a wooden stick marked out in 
measurements in tenths of feet, and granulated cork.  Figure 4-1 
details a schematic of a manual crest gauge.   
 
The crest gauges were placed at the lowest elevation in each rain 
garden.  As the rain garden fills with runoff, the water flows into 
the perforations on the PVC pipe causing the granulated cork to 
float.  At the peak water level, the granulated cork sticks to the 
wooden stick and remains as the water level recedes.   
 

Parmeter Abbreviation MCES Method Reference Method

Reporting 

Limit Units Holding Time

Ortho‐Phosphate Ortho‐P ORTHO_P_1 SM 4500‐P E 0.01 mg/L 48 hours

Chloride Cl CHLORIDE_AA_1 SM 4500‐Cl E  2.00 mg/L 28 days  

Cadmium Cd MET_ICPMSV_1 MNPBMS 003 (EPA 200.8) 0.50 µg/L  6 months

Chromium Cr MET_ICPMSV_1 MNPBMS 003 (EPA 200.8) 5.00 µg/L  6 months

Copper Cu MET_ICPMSV_1 MNPBMS 003 (EPA 200.8) 0.50 µg/L  6 months

Lead Pb MET_ICPMSV_1 MNPBMS 003 (EPA 200.8) 0.10 µg/L  6 months

Nickel Ni MET_ICPMSV_1 MNPBMS 003 (EPA 200.8) 0.50 µg/L  6 months

Zinc Zn MET_ICPMSV_1 MNPBMS 003 (EPA 200.8) 5.00 µg/L  6 months

Ammonia NH3 NH3_AA_1 EPA 350.1 0.50 mg/L  7 days

Total Kjeldahl Nitogen TKN NUT_AA_1 EPA 351.2  0.10 mg/L  7 days

Total Phosphorus  TP NUT_AA_1 MNPBMS 014 (365.4) 0.05 mg/L 28 days

Nitrate NO2  N‐N_AA_1
SM 4500 NO3‐ H/MNPBMS 025 

(EPA 323.1) 0.05 mg/L 28 days

Nitrite NO3  N‐N_AA_1

SM 4500 NO3‐ H/MNPBMS 025 

(EPA 323.1) 0.01 mg/L 28 days

Total Dissolved Solids TDS TDS180_1 SM 2540 C  10.00 mg/L   7 days

Total Suspended Solids TSS TSSVSS_1 SM 2540 E  1.00 mg/L   7 days

Volatile Suspended Solids VSS TSSVSS_2 SM 2540 E 1.00 mg/L   7 days

Hardness Hardness HARD‐TITR_1 SM 2340 C  5.00 mg/L 30 days

Escherichia coli E. coli COLI‐Q_1 Coliert‐18 Quanti‐Tray 1.00 MPN/100 mL   6 hours

EPA: Environmental  Protection Agency, MCES: Metropolitan Council  Environmental  Services, MNPBMS: Minnesota Performance Based Methods, SM: Standard Method
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All samplers and continuous monitoring equipment used by CRWD, is maintained in accordance to 
manufacturer recommendations.  In addition, area velocity sensors and flow modules are tested for 
accuracy on a flume with a controlled flow rate prior to installation at a monitoring site.   
 

4.1.1.1.  Data Collection: Arlington-Hamline Underground Stormwater Facility  
 
CRWD began monitoring the Arlington-Hamline Facility in 2007.  Both water quality and quantity were 
monitored at two locations: the west-end inlet and the east-end outlet (Figure 4-2).  Compact ISCO 6712 
samplers were suspended in manholes at each location.  The samplers were programmed to take water 
quality samples during a storm event when it was triggered by water level (ft) in the pipe.  Flow to this 
BMP only occurs during storm events.  
 
During the 2007 and 2008 monitoring seasons, the outlet was monitored using an ISCO 3700 portable 
sampler with an ISCO 4150 Flow Logger. The combination of the two units perform the same function 
as an ISCO 6712 unit with a 750 flow module, but are older equipment models.   
 
In addition to the inlet and outlet sites, a level logger was installed inside of the pipe gallery at the 
northeast end of the facility from 2007 to 2009 and 2011 (Figure 4-2).  The ISCO 4120 level logger was 
installed to monitor continuous water level inside the pipe gallery by recording measurements every 10 
minutes.  The data collected was utilized to assist in correlating water inflow rates (from inlet site) to 
water volumes inside the pipe gallery.  Data currently collected at this location is used to assist with 
determining infiltration rates inside the facility and for model calibration.  This station was not in 
commission during the 2010 monitoring season.   
 
Future monitoring of the Arlington-Hamline Facility will be expanded to include continuous flow 
monitoring of stormwater runoff which bypasses the facility; the flow which over tops the diversion 
weir in Arlington Avenue.   
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4.1.1.2. Data Collection: Como Park Regional Pond 
 
In 2008, CRWD began monitoring the Como Park Regional Pond inlet and outlet (Figure 4-3).  Both 
water quantity and quality data were collected at the inlet and outlet using ISCO 6712 compact 
samplers.  The samplers were suspended in manholes and were programmed to take flow-paced water 
quality samples when triggered by a high water level (ft).   
 
The inlet site does not typically have base flow and only flows if a storm event is occurring.  However, 
the inlet also receives stormwater flow from the pumping of Gottfried’s Pit; an upstream stormwater 
pond.  Non-storm flow may occur depending on the timing of Gottfried’s Pit pumping.  Flows at the 
outlet site are observed when water level in the pond is high enough to spill into the pond overflow.  
 
In 2008, a Global Water level logger was placed in the Como Park Regional Pond to track pond 
elevation in relationship to precipitation.  The logger location was surveyed relative to a known 
benchmark which allowed for level data to be converted to elevation.   
 
Due to limitations of the data collection equipment (accuracy of velocity data during very low flow 
rates), the total discharge from the Como Park Pond Outlet is likely to be underestimated and the volume 
reduction efficiency of the pond may be slightly less than calculated.    In addition, when the level of the 
pond exceeds the normal water level, infiltration most likely occurs within the banks around the 
perimeter of the pond.   

Figure 4-2.  Arlington-Hamline Facility monitoring locations.  
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Future monitoring of discharge from the Como Park Pond Outlet will include the collection of 
instantaneous velocity measurements during periods of dry weather (base flow) throughout the 
monitoring season.  Those measurements will be compared to and/or possibly incorporated in 
continuous flow data collected at the monitoring site, if accurate data is not collected by the sensor and 
flow module.    
 
 

 

4.1.1.3.  Data Collection: Infiltration Trenches 
 
Following the installation of the eight infiltration trenches, CRWD began monitoring Trenches 4 and 5 
in July 2007 (Figure 4-4).  Trench 4 is representative of a double-ended trench.  A double-ended trench 
receives runoff from catch basins connected to both ends of the trench.  Trench 5 is representative of a 
single-ended trench.  It receives flow from catch basins draining to only one end of the trench. 
 
From 2007 to 2010, storm flow was monitored in the east and west ends of Trench 4 and the east end of 
Trench 5 using ISCO 2150 flow modules.  Area-velocity sensors were placed in the overflow pipes on 
both ends of Trench 4 and in the east end of Trench 5 and in the lower, perforated infiltration trench pipe 
on the west end of Trench 4 and east end of Trench 5 (2010 only).  The flow module recorded 

Figure 4-3.  Como Park Regional Pond monitoring locations. 
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continuous water level and velocity data every 5 minutes (generally) in all pipes; therefore inflow, 
outflow, and infiltration rates could be determined.   
 
Additionally, water quality samples were taken at the east end of Trench 4 from 2007 through 2010 and 
at the east end of Trench 5 from 2007 through 2009 using ISCO 6712 compact samplers.  Area-velocity 
sensors were connected to the samplers and placed in the lower, perforated infiltration trench pipe on the 
east ends of Trenches 4 and 5.  The samplers were housed in metal boxes on the boulevard adjacent to 
both trenches and were programmed to take water quality samples, during storm events, when triggered 
by a high water level (ft).  The collection of water quality samples from stormwater flowing to the east 
end of Trench 5 was discontinued in 2010 because it was determined that there was no significant 
statistical difference in the quality of stormwater runoff flowing to Trench 4 than that flowing into 
Trench 5. 
 
Obtaining accurate flow data from the trench sites has been difficult due to a variety of factors (e.g. 
equipment sensitivity, pipe grades, size of sampling location).  Thus, equipment type and placement has 
changed frequently over the 2007 through 2010 monitoring seasons, in an attempt to improve data 
quality.  Future monitoring efforts may be expanded to include the collection of water quality data from 
the trench overflows.  However, this effort has been hindered by monitoring equipment space limitations 
and infrequent and low overflow discharges.  
 
 

Figure 4-4.  Infiltration trench monitoring locations. 
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4.1.1.4.  Data Collection: Rain Gardens 
 
CRWD has monitored peak water levels of storm events, in the eight rain gardens using manual crest 
gauges (Figure 2-3; Figure 4-1).  Two rain gardens (Frankson-McKinley and Hamline-Midway) have 
been monitored since 2006 and the remaining other six rain gardens since 2007.  Crest gauges were 
installed at the lowest point in each rain garden and recorded peak water level reached in the rain 
garden, during a storm event.  Peak level data collected is used in model calibration.   
 
 

4.2. Monitoring Data Analysis Methods 
 

4.2.1. Data Quality Assurance 
 
In general, CRWD monitored the Arlington Pascal Project BMPs from April to November during the 
2007 through 2010 monitoring seasons (actual dates varied annually depending on weather conditions).  
 
Following each monitoring season, continuous water quantity data collected (level and velocity data) 
were quality checked.  Bad data points (e.g. missing data periods or negative values) were removed and 
replaced with a corrected value, which was interpolated based on periods of good data.  If there were 
extended periods of missing data (due to equipment failure, vandalism, etc.), level data (from within the 
same monitoring season) was used to interpolate velocity by developing a regression relationship 
between level and velocity.  If this was not possible, the data was left as missing.  Once level and 
velocity data were quality checked and any regression analysis was completed, discharge (volume) was 
calculated based on site specific flow calculations (typically area-velocity equations).  Water quality 
data was quality checked and suspected erroneous parameter values were flagged.  
 
Monitoring efficiencies for each site were determined by calculating a percentage based on the number 
of total missing monitoring hours for a specific monitoring site divided by the number of total possible 
monitoring hours for a specific monitoring site.  The total possible monitoring hours for each site were 
determined based site specific equipment installation (spring) and removal (fall) dates/times.   Missing 
data may be caused by equipment failure, power failure, or vandalism.   
 
In 2007 and 2008, CRWD achieved average monitoring efficiencies of approximately 100% and 99% 
respectively (CRWD, 2010 b).  In 2008, the Arlington-Hamline Facility Inlet site had approximately ten 
days of missing data which reduced the efficiency average by 1%.    
 
The monitoring efficiency in 2009 averaged almost 100% with small amounts of missing data occurring 
at the Arlington-Hamline Facility Inlet and the Como Park Pond Inlet and Outlet sites (Appendix A: 
Table A-1).  
 
In 2010, the monitoring efficiency was 98%, the lowest average in all four years of monitoring due to 
data loss at the Arlington-Hamline Facility Inlet and the Como Park Pond Outlet (Appendix A: Table A-
2).  At the Arlington-Hamline Facility Inlet, a total of 248 hours (10 days) of data were missing in 2010.  
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Similarly, the Como Park Pond Outlet had 607 hours (25 days) of missing data in 2010.  Both sites 
experienced extended periods of data loss due to equipment and power failures. 
 

4.2.2. Discharge, TP, and TSS Loading Calculations 
 

4.2.2.1 Discharge, TP, TSS Loading Calculations: From Monitoring Data 
 
The total discharge, for each storm event, was determined at each monitoring site (except for the rain 
gardens) and TP and TSS loads were calculated.  Discharge is expressed in cubic feet (cf) and loads are 
expressed in pounds (lbs).  
  
TP and TSS concentrations collected for sampled storm events were used to calculate loads for their 
corresponding storm events.  Monitoring season average concentrations of TP and TSS were calculated 
and used to calculate pollutant loads for non-sampled storm events.  TP and TSS loads were calculated 
for each storm event using the following equation: 
 

Storm Event TP/TSS Load (lbs) =  
(Storm Event Total Q) * (Total TP / TSS FWA) * 28.316 (L/cf) * 1 lb / 453,592 mg 

 
Where Q=discharge (cf) and FWA=flow weighted average (mg/L) 

 
(Equation 1) 

 
The loading calculations for discharge, TP, and TSS are only representative of the monitoring period, 
which is generally April through November.  Flow and pollutant loading does occasionally occur 
throughout the winter at the monitoring sites; however, CRWD does not operate equipment at these sites 
during winter months due to the problems associated with freezing temperatures (e.g. frozen samples, 
frozen sample lines, loss in battery life).    

 

For each monitoring site, the total discharge and total TP and TSS loads from each storm event were 
summed to calculate a total monitoring season discharge and pollutant loads of TP and TSS.  Loading 
tables, for each monitoring site, are available on the data CD accompanying this report.   
 
 

4.3. Statistical Analysis 
 
Statistical methods were used to demonstrate the effectiveness of the monitored Arlington Pascal Project 
BMPs at removing TP and TSS through the infiltration and/or treatment of stormwater runoff during the 
monitoring season.  Statistical analysis was also utilized to identify annual variations and trends in TP 
and TSS concentrations. 
 
Water quality samples collected at the inlet of the Arlington-Hamline Facility, the inlet and outlet of the 
Como Park Regional Pond, and at the inlets of two infiltration trenches (Trenches 4 and 5) for the 
parameters TP and TSS, from 2007 to 2010, were used in statistical analysis (Table 4-3). 
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The sample size of data used for the statistical analysis was in excess of 300 samples.  Although there is 
variability in the number of water quality samples collected by site location and by year, overall, the 
sample size was fairly extensive.  Lab results for water quality samples collected at each monitoring site, 
from 2007 to 2010, are available on the data CD accompanying this report.       
 
 
Table 4-3.  Number of water quality samples collected, from 2007 to 2010, at monitoring sites used in the 

statistical analysis.  

       
 

4.3.1. Analysis Methods 
 
Box and whisker plots (boxplots) were used to show variations in TP and TSS concentrations for each 
BMP from 2007 to 2010 (Figure 4-5).  Boxplots are useful for looking at the spread and skew of data, as 
well as general trends over time.   
 
For each boxplot, the box represents the interquartile range (IQR) or the middle 50% of the data; the 
lower line of the box is the 25th percentile, and the upper line is the 75th percentile.  The horizontal line 
which cuts across the box represents the median value.  The ‘whiskers’ (vertical lines extending off the 
top and bottom of the box) extend out to the lowest and highest values, unless the distance from the 
minimum value to the first quartile is more than one and one-half times the IQR.  In this case the lowest 
whisker represents one and one-half times the IQR and points beyond that are considered outliers.  A 
similar rule is used if the highest value is more than one and one-half times the third quartile.  Data 
falling below or above one and one-half times the IQR are marked as outliers and are represented by 
open circles. 
 
 
   

Site Location 2007 2008 2009 2010 TOTAL

Arlington‐Hamline Facility Inlet 15 16 20 18 69

Arlington‐Hamline Facility Outlet 0 0 0 0 0

Como Park Regional Pond Inlet ‐ 

Storm Flow 10 21 18 49

Como Park Regional Pond Inlet ‐ 

Gottfried's Pit Flow 9 6 9 24

Como Park Regional Pond Outlet 12 18 13 43

Trench 4 23 16 20 15 74

Trench 5  19 17 13 49

TOTAL:   308

Number of Samples Collected

Note:  The Como Park Regional Pond was not operational in 2007; samples were not collected at Trench 5 in 2010; 

and no flow has  been observed discharging from the Arlington‐Hamline Facility.    
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Figure 4-5. Diagram of a boxplot. 
 
 
Generally, more compact boxes with short “whiskers” and few outliers indicate low yearly variability.  
Long-term TP and TSS trends may be seen by the boxplot moving in an up or down direction over the 
years.  All TP and TSS concentrations, from 2007 to 2010, were graphed as boxplots using the statistical 
program R (R Project, 2011). 
 
In addition, TP and TSS concentrations from the Arlington-Hamline Facility Inlet and the Como Park 
Regional Pond sites were graphed in SYSTAT (SYSTAT 13, 2009) as probability plots.  A probability 
plot illustrates the distribution of all data, in a given dataset, and the probability of occurrence of a 
parameter concentration by percentile.   
 
All TP and TSS samples collected at the Arlington-Hamline Facility and Como Park Regional Pond 
were plotted on graphs using different symbols to distinguish each sampling site. Probability plots are 
useful for comparing the distribution of TP and TSS concentrations between sites, as all sites may be 
plotted together on the same graph.  If the points from each site do not overlap on the graph, there is 
evidence the sites have different statistically different concentrations from each other.   
 
An analysis of variance (ANOVA) test was employed to determine the effectiveness of the Como Park 
Regional Pond at removing TP and TSS from the inlet and outlet from 2008 to 2010.  ANOVA is a 
useful test for determining whether there is a statistically significant difference among three or more 
group sample means.  For our purposes, ANOVA was utilized to test whether site location (the two 
inflow types for the Como Park Regional Pond Inlet (direct storm runoff or discharge from Gottfried’s 
Pit or the Como Park Regional Pond Outlet), year in which samples were collected, or the combination 
of site and year were good predictors of TP and TSS concentrations in stormwater runoff flowing to and 
from the Como Park Regional Pond.  All data were log-transformed to meet the assumptions of 
ANOVA (constant variance and normality), and then analyzed within the statistical software R.   
 
 To expand upon the results of the ANOVA test, a post-hoc Tukey test was used to test for significant 
differences between sites, in annual differences in TP and TSS concentrations.  A post-hoc Tukey test 
uses the results of ANOVA to perform a pairwise comparison of the sample means to see where the 
statically significant differences are.  Using the post-hoc Tukey test allowed for a comparison of site 
location and years, to identify any statistically significant differences (if any existed).  Both ANOVA 

Outlier

Highest value or 1.5 times IQR  

75th Percentile

Median

25th Percentile

Lowest value or 1.5 times IQR 
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and the post-hoc Tukey test compared TP and TSS concentrations from paired storms between the 
Como Park Regional Pond Inlet, Gottfried’s Pit, and the Como Park Regional Pond Outlet.   
 
 

4.4. Performance Modeling 
 

4.4.1. Performance Modeling of the Arlington Pascal Project BMPs 
 
CRWD conducted a performance assessment of the Arlington Pascal Project BMPs from 2007 through 
2010 using the P8 Urban Catchment Model to simulate the annual performance for volume, TP, and TSS 
loading.  The subsequent discussion provides a brief summary of the P8 model and calibration methods 
and analysis completed.  A full summary of the input parameters, calibration methods, and modeling 
results may be found in the Arlington Pascal P8 Model Calibration Report in Appendix C (CRWD, 
2011ª).   
 
The P8 Model (Program for Predicting Polluting Particle Passage through Pits, Puddles, and Ponds) is 
used for modeling stormwater runoff and pollutant production in small urbanized watersheds.  The 
model generates continuous water-balance and mass-balance calculations to determine BMP 
performance (removal efficiency) for flow and pollutants.   
 
CRWD specifically utilized the model to predict annual stormwater volume reductions and TP and TSS 
load reductions for all eighteen BMPs.  To calculate removal efficiency, the P8 Model requires several 
input parameters, including:  

 Air temperature (annual time series) 
 BMP infiltration rates (inches/hour) 
 BMP input pipe orifice diameter and/or weir length 
 Detention ponds/depressional storage (area) 
 Growing season length/antecedent moisture conditions (evapotranspiration) 
 Impervious runoff coefficient (fixed) 
 Particle size distribution (TSS, gross solids) 
 Precipitation (annual) 
 Subwatershed area  
 Total impervious fraction (area) 

 
The model requires calibration using existing monitoring data.  When the model was created in 2008 for 
the previous report, it was calibrated using two years of monitoring data.  The model has since been 
recalibrated using four years of monitoring data (2007 through 2010); prior to which, all four years of 
data underwent a rigorous quality assurance/quality control. This led to better calibration of the model.   
 
The following monitoring data was utilized for the model calibration: 

 Annual precipitation 
 Annual temperatures 
 BMP subwatershed land use  
 Infiltration rates 
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 Water quality data 
 Water quantity data 

 
Water quantity data collected from the monitoring sites, from 2007 to 2010, were used for stormwater 
runoff volume calibrations.  The models were calibrated based on annual volume during the monitoring 
season and hourly model output was compared to monitored data to ensure adequate annual distribution 
of loading volume.  Also, the peak water levels measured in the eight rain gardens, from 2008 to 2010, 
assisted in selecting the model volume infiltration rates.  Calibration was completed by adjusting rain 
garden infiltration rates within the model, until they closely matched observed crest gauge peak 
elevations.  
 
Water quality data collected from the monitoring sites, from 2007 to 2010, were used for stormwater 
pollutant loading calibrations.  Based on the water quality data, the TP and TSS loading factors were 
globally modified to better represent overall watershed characteristics.  Annual monitored loads of TP 
and TSS were compared to the modeled loads, and the pollutant scale factor for particle loads were 
adjusted accordingly to match.  The TSS scale factor was modified from 1.0 to 2.0, which increased the 
model output of TSS loading to more closely match concentrations regularly observed at the monitoring 
sites. Similarly, the TP scale factor was increased during model calibration, so modeled values were 
more representative of typical concentrations.   
 
For annual precipitation calibration, 15-minute rainfall data from the University of Minnesota-St. Paul 
Campus rain gauge, from 2007 to 2010, were used and corresponded to actual monitoring days.  Annual 
precipitation and storm intensity were important inputs to the model because they assisted in calculating 
depressional storage, runoff generation rates, and total runoff volumes.  To calibrate the model, a 
continuous hydrograph was constructed for 2007 to 2010, and daily precipitation values and smaller 
storm events were evaluated to determine the amount of rainfall required to produce runoff.  From this, 
runoff generation typically occurred after 0.01 inches to 0.03 inches of rainfall; therefore, the 
depressional storage parameter was calibrated to 0.02 inches.   
 
Annual temperatures were calibrated by averaging daily highs and lows from the climatology record 
from 2007 to 2010.  The annual average temperature data, along with the precipitation data, assisted in 
calibrating evapotranspiration (ET) rates of stormwater from rain gardens.  Water volumes lost to ET in 
the rain gardens affect the overall volume of stormwater infiltrated.   
 
The land uses of each BMP’s individual subwatershed were calibrated in the model to reflect variations 
in impervious surface coverage.  Although land uses are similar between each subwatershed, the 
monitoring data indicated that hydrological differences were present between drainage areas.  Thus, 
each subwatershed was individually delineated for total drainage area and percent land use coverage.  
Based on overall watershed land use, a standard pervious curve number (CN) of 61 was used in the 
model.  A pervious CN is a unit-less value ranging from 30 (indicating high infiltration) to 100 
(indicating high runoff).  A CN of 61 represents a moderately developed watershed with a moderate 
amount of total pervious area.     
 

Following calibration, the model was run for years 2007 through 2010 and the 1995 water year (a year 
with an average precipitation amount).  The monitoring data used to calibrate the model is only 
representative of the 2007 to 2010 monitoring seasons (generally April through November).  Thus, the 
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data needed to be extrapolated to portray an accurate annual prediction.  The 1995 water year, which had 
an average precipitation amount, was considered the annual projected year.  
 
The model was able to predict BMP volume reduction and pollutant removal efficiencies, for TP and 
TSS, for all BMPs.  Modeled results were compared to the monitoring data and adjustments were made 
until the actual and modeled data were similar.  Calibration adjustments were made to the parameters 
defining the watersheds and/or the individual BMPs.  Performance results and analysis for the individual 
BMPs and the entire Arlington Pascal Project, from 2007 to 2010, and also performance results for the 
annual projected year may be found in the subsequent sections.   
 

4.4.1.1. Modeling of the Arlington-Hamline Facility 
 
For the Arlington-Hamline Facility, the model was calibrated using monitoring data from the 2007 
through 2010 monitoring seasons.  Annual volumes were calibrated using the 10-minute flow data from 
the inlet monitoring location.  To calculate runoff volumes, the nested drainage areas of the upstream 
infiltration trenches were removed from the annual runoff depth calculation for the Arlington-Hamline 
Facility, since the trenches have generally had 100% removal efficiencies.  
 
Over the period of the monitoring record, the discharge has never been observed at the outlet of the 
Arlington-Hamline Facility; therefore, all stormwater runoff which flowed to the pipe gallery was first 
stored and then infiltrated.  The infiltration rate of the Arlington-Hamline Facility was initially 
calibrated to the average long-term model design value of 0.5 inches/hour.  This value was found to be 
highly conservative; thus the value was modified and recalibrated using continuously monitored level 
data measured within the pipe gallery.  Also, the facility was reclassified in the model to be a ‘general 
device’ rather than a dry pond.   
 

4.4.1.2. Modeling of the Como Park Regional Pond 
 
For the Como Park Regional Pond, the model was calibrated using monitoring data from the 2008 to 
2010 monitoring seasons.  The projected annual volumes and TP and TSS loads for the Como Park 
Regional Pond were altered to reflect zero stormwater infiltration by the pond.  Debris and sediment 
accumulation in the pond will eventually cause the pond to seal allowing for no infiltration of 
stormwater runoff (although the vegetated fringe buffering the pond may allow for some infiltration).  
Therefore, projected annual discharge flowing from the pond was adjusted to equal the discharge 
flowing into the pond.   
 
There was speculation that the monitored volumes used to calibrate the pond may be overestimated due 
to flow contributions from Gottfried’s Pit.  Thus, Gottfried’s Pit was calibrated to the annual volumes 
calculated from the monitoring data.  Also, Gottfried’s Pit was calibrated in conjunction with the inlet 
since they flow through the same point.  Infiltration rates in Gottfried’s Pit were altered to match 
recorded flows and pumping rates.  
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4.4.1.3.  Modeling of the Rain Gardens 
 
The model was used to determine the volume of water infiltrated and pounds of pollutants (TP and TSS) 
removed by each rain garden for 2007 to 2010.  The model was calibrated using the crest gauge data 
collected from 2008 to 2010.  The water quality and quantity data collected at the other monitoring sites 
were used to interpolate loads flowing in to the rain gardens. 
 

4.4.1.4. Modeling of the Infiltration Trenches 
 
Water quantity and quality data collected from Trenches 4 and 5, from 2008 to 2010, were used for 
model calibration.  Based on the 2007 to 2010 monitoring data, the runoff depths to the trenches were 
found to be highly variable.  Consequently, the runoff parameters of the trench drainage areas were 
modified to match those of the Arlington-Hamline Facility. 
 
 

4.5. Gross Solids and Associated TP Loading Calculations 
 
In the previous BMP report (CRWD, 2010b), it was recommended that further research and monitoring 
be conducted to better quantify the annual rate of gross solids accumulation and to characterize the 
content of the material being deposited.  Gross solids refers to all litter, organic debris, and coarse 
sediments (greater than 75 µm) that are transported in urban stormwater runoff.  These solids are 
captured by pretreatment units discharging to the BMPs and also accumulate within the BMPs 
themselves.  It was also recommended that the TP load in those gross solids be quantified.   
 
Based on the recommendations, a consultant was hired to conduct a supplementary study (Sump 
Monitoring Study; CRWD, 2011b) to determine average bulk density and TP concentrations of gross 
solids in sumped catch basins and manholes and develop methodologies from which to calculate annual 
gross solids and associated TP loads for all BMPs (Appendix D).  The results of that study proved to be 
inconclusive.  In 2011, CRWD expanded upon methodologies from that study and conducted The 
Arlington Pascal Project: Gross Solids Accumulation Study (CRWD, 2011c), which may be found in 
Appendix E.  
  
Data and sample collection methodologies for the gross solids study were developed and refined in order 
to determine annual gross solids and TP load accumulations, from 2007 to 2010, for all pretreatment 
units connected to the BMPs and/or the BMPs themselves.  Ultimately, samples were collected from 
thirty sumped catch basins discharging to the eight underground infiltration trenches and from fifteen 
locations within the pipe gallery of the Arlington-Hamline Facility, in June 2011. Samples were 
analyzed for bulk density, TP concentration, and particle size.  Average bulk density and TP 
concentration values were determined appropriately and annual gross solids and associated TP loads 
were calculated.  Those methods and calculations are briefly described below.  A complete discussion 
on the methods and analysis may be found in Appendix E.     
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4.5.1. Arlington-Hamline Facility 
 
The Arlington-Hamline Facility pipe galley consists of three west-east oriented 10-foot diameter round 
pipes that are each 270-feet in length.  The east and west ends also each have a 36-foot north-south 
oriented, 10-foot diameter pipe that connects all three east-west pipes on both ends of the system.  The 
width and depth of total debris in each pipe was measured, every 10-feet, using the methods described in 
the full report in Appendix E.  Gross solids samples were collected from 15 locations within the pipe 
gallery (five at incremental locations throughout each pipe). 
 
In addition, the Arlington-Hamline Facility also has a pretreatment unit.  The pretreatment unit consists 
of a large Contech Vortech® Model 7000 pretreatment device.  The Vortech® is a hydrodynamic 
separator which is designed to effectively treat low flows by removing sediment, oil, and debris before 
discharging into the pipe gallery of the Arlington-Hamline Facility.   
 
Gross solids and associated total phosphorous loads were calculated for both the pipe gallery and the 
pretreatment unit and also for the facility as a whole.  Those calculations are described below.   
 

4.5.1.1. Gross Solids Loads: Arlington-Hamline Facility Pipe Gallery 
 
Several calculations were necessary to determine the gross solids load, expressed in pounds (lbs), which 
accumulated within the pipe gallery.  The volume of gross solids which accumulated in the pipe gallery 
was calculated for each 10-foot section of pipe, in each pipe (Pipe 1, 2, 3, and East End).  There was no 
debris accumulation in the West End Pipe of the pipe gallery.  The following equation was used to 
calculate gross solids volume:   

 
Gross Solids Volume per 10‐foot Section (cf) =   
 (L * [R² cos‐1((R ‐ h) / R) – (R ‐ h)  hRh 2 ²])   

 
Where L=length (10 ft), R=radius (5 ft), h=height of debris (ft) 

 
(Equation 2) 

 
Bulk density lab results for the samples collected at the sample points in the pipe gallery and the 
volumes of gross solids for each 10-foot section were used to calculate the gross solids load for each 10-
foot pipe section.  Because there were only five sample points in each pipe (Pipe 1, 2, and 3), the bulk 
densities of sample material collected from the sample points were applied to the volume of gross solids 
in the preceding 10-foot pipe sections.  
 
For example, the bulk density at Point 1 represented the material in the previous 10-foot sections (those 
sections between 0 ft and 60 ft), in each respective pipe (Pipe 1, 2, or 3).  The bulk density at Point 2 
represented 70 ft through 130 ft.  The bulk density at Point 3 represented 140 ft through 190 ft and so 
forth. The bulk densities at Point 5 were used to calculate the gross solids load for the East End Pipe. 
The following equation was applied to the 10-foot pipe sections to calculate the gross solids load: 
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Gross Solids Load per 10‐foot Section (lbs) = 
((Total Solids Volume per 10‐foot Section (cf)) * (28.3 L / 1 cf) * (1,000 mL / 1 L) *  

(Bulk Density per 10‐foot Section (g/mL)) * (2.2 lbs / 1,000 g)) 
 

(Equation 3) 
 
The gross solids loads for all 10-foot sections, in each pipe, were summed to produce a total gross solids 
load per pipe (Pipe 1, 2, 3, and East End).  The gross solids load for the entire pipe gallery was finally 
determined by summing the gross solids load in all pipes (Pipe 1, 2, 3, and East End).   
 

4.5.1.2. TP Loads: Arlington-Hamline Facility Pipe Gallery 
 
The TP load (expressed in lbs) in gross solids, captured in the pipe gallery, was also calculated.  TP 
concentrations of the samples collected, from the sampling points, were applied to the mass of gross 
solids in the preceding 10-foot pipe sections to determine the TP load, for each 10-foot pipe section, in 
all pipes (Pipe 1, 2, 3, and East End).  The following equation was applied to the gross solids load, 
determined for each 10-foot pipe section, to calculate TP load: 
 

TP Load per 10‐foot Section (lbs) = 
((Gross Solids Load per 10‐foot Section (lbs)) * (TP Concentration per 10‐foot Section (mg/kg)) 

/ (1,000,000 mg/kg) 
 

(Equation 4) 
 
The TP loads in gross solids for all 10-foot sections, in a specific pipe (Pipe 1, 2, 3, and East End), were 
summed to produce a TP load per pipe.  TP loads for all pipes were then summed to produce a TP load 
in gross solids captured by the entire pipe gallery.   
 

4.5.1.3. Annual Gross Solids and TP Loads: Arlington-Hamline Facility Pipe Gallery 
 
No discharge has been observed overflowing from the outlet of the pipe gallery, thus no debris and 
sediment have been transported out of the pipe gallery.  In addition, debris and sediment have never 
been removed from the pipe gallery.  Therefore, the gross solids and TP loads calculated above are 
representative of four years (2007 to 2010) of accumulation.   
 
Annual gross solids loads and annual TP loads in gross solids which accumulated in the pipe gallery 
were determined by multiplying the gross solids or TP load by the percentage of annual precipitation per 
year, from the 2007 to 2010 total precipitation amounts (Table 4-4).  This method was determined to be 
a representative estimation of annual accumulation based on the assumption that sediment transport and 
TP loading is proportional to precipitation amounts and associated runoff volumes. 
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4.5.1.4. Gross Solids Loads: Arlington-Hamline Facility Pretreatment Unit 
 
The Arlington-Hamline Facility pretreatment unit receives regular maintenance and debris and sediment 
is removed bi-annually (spring and fall).  Prior to debris removal, depth measurements of the 
accumulated gross solids were taken.  The volume of gross solids which accumulated bi-annually in the 
pretreatment unit was calculated using the record of depth measurements, from 2007 to 2010.  The 
volume of gross solids captured by the pretreatment unit was calculated using the following equation:   
 

 Pretreatment Unit Annual Gross Solids Volume (cf) = 
(Length of Pretreatment Unit (ft)) * (Width of Pretreatment Unit (ft)) * (Depth of Gross Solids (ft)) 

 
(Equation 5) 

 
It was not possible to extract samples of the gross solids which had accumulated within the pretreatment 
unit due several factors.  First, the proximity of the access point caused difficulties because the 
pretreatment unit is located over the swirl chamber (sample collection from the chamber between the 
flow control walls would be more ideal). Next, the overall size of the pretreatment unit was problematic 
because the distance between the access point and the solids deposit (15-18 feet) was too great to extract 
a sample with the equipment available. Also, the amount of standing water inside the unit made 
sampling difficult because it was not possible to decant the large volume of water present and extract a 
complete sample with the equipment available.  
 
The bulk density and TP concentration sampling results from the Arlington-Hamline Facility pipe 
gallery were utilized to calculate the annual load of gross solids removed by the pretreatment unit.   
The overall average bulk density value (1.43 g/mL) determined for the entire pipe gallery was used to 
calculate annual gross solids loads.  It is recognized that the gross solids captured by the pretreatment 
unit are likely heavier, coarser, and have higher bulk densities than the material which accumulated in 
the pipe gallery.  Future monitoring should incorporate sample collection of material captured by the 
pretreatment unit.   
 
The following equation was used to calculate the annual gross solids load: 
 
 

Monitoring 

Year

Annual 

Precipitation 

(in)

Total 4‐Year 

Precipitation 

Amount (%)

2007 25.0 24%

2008 21.7 21%

2009 22.3 21%

2010 36.3 34%

Total: 105.3 100%

Table 4-4.  The annual percentages of precipitation based on the four-year total (2007 to 2010) total.  
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Pretreatment Unit Annual Gross Solids Load (lbs) = 
(Gross Solids Volume Pretreatment Unit (cf)) * (28.3 L / 1 cf) * (1,000 mL / 1 L) *  

(Average Bulk Density (g/mL) from Arlington‐Hamline Facility Pipe Gallery) * (2.2 lbs / 1,000 g) 
 

(Equation 6) 
 

4.5.1.5. TP Loads: Arlington-Hamline Facility Pretreatment Unit 
 
The annual TP loads in gross solids loads captured by the pretreatment unit, from 2007 to 2010, were 
calculated using the annual gross solids loads captured by the pretreatment unit and TP concentrations 
from the Arlington-Hamline Facility pipe gallery.  Specifically, the TP concentrations from samples 
taken at sample Point 1 in all three pipes (Pipe 1, 2, and 3) were averaged to determine an average TP 
concentration (568 mg/kg).   
 
This average TP concentration was assumed to be representative of the material in the pretreatment unit 
because the sample points reside closest to the outlet of the pretreatment unit.  Additionally, the 
composition of the material at these three sample locations generally consisted of coarser particles (e.g. 
sands, gravels).  However, it is again likely that the material captured by the pretreatment unit is larger 
and coarser than what was assumed.  Therefore, it is probable that TP concentrations are lower than the 
average concentration used in the calculation.   
 
The following equation was used to determine annual TP loads: 
 

Pretreatment Unit Annual TP Load (lbs) = 
((Pretreatment Unit Annual Gross Solids Load (lbs))*  

(Average TP (mg/kg) from Arlington‐Hamline Facility Pipe Gallery Sampling Points 1) /  
(1,000,000 mg/kg) 

 
(Equation 7) 

 
The same values for average bulk density and TP concentration were used to calculate annual gross 
solids and TP loads for all years, from 2007 to 2010.  This was done in order to determine annual 
loadings using the data that was available.  It is recognized that gross solids load accumulations and 
composition of material varies from year-to-year.  These annual loadings will most likely be refined if 
additional sampling is conducted.   
 

4.5.1.6. Annual Gross Solids and TP Loads: Arlington-Hamline Facility  
 
Annual gross solids and associated TP loads were calculated for the entire Arlington-Hamline Facility 
(pipe gallery and pretreatment unit) from 2007 to 2010.  The annual gross solids load which 
accumulated within the pipe gallery was added to the corresponding annual gross solids load which 
accumulated within the pretreatment unit; resulting in an annual gross solids loads for the entire 
Arlington-Hamline Facility, from 2007 to 2010.  The same process was used to calculate annual TP 
loads for the entire Arlington-Hamline Facility from 2007 to 2010.     
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4.5.2. Underground Infiltration Trenches 
 
Eight underground infiltration trenches were constructed beneath the roadbed of Arlington and Nebraska 
Avenues.  Each trench is comprised of two ten-inch perforated pipes that run parallel to each other in an 
aggregate backfill.   
 
Sixteen sumped manholes and thirty sumped catch basins pretreat stormwater runoff before flowing into 
the infiltration trenches.  Sumped catch basins drain to one/both ends of an infiltration trench.  
Stormwater runoff discharging from the sumped catch basins next flows into sumped manholes before 
flowing into the actual infiltration trench.  The manholes are located on both ends of each infiltration 
trench.   
 
Gross solids and associated total phosphorous loads were calculated for both infiltration trench 
pretreatment unit types (catch basins and manholes).  Those calculations are described below.   
 

4.5.2.1 Gross Solids Load: Infiltration Trench Pretreatment Units 
 
Accumulated material within the catch basins and manholes is removed twice a year (spring and fall).  
Prior to removal, inspections of the pretreatment units were performed and debris depth measurements 
of the accumulated material were taken.  Combined, the two volume calculations (spring and fall) for 
each unit (catch basin or manhole) will yield the volume of gross solids captured by unit annually, from 
2007 to 2010.  The following equation was used to calculate the gross solids volume in each catch basin: 
 

Catch Basin Gross Solids Volume (cf) = 
(Length (ft)) * (Width (ft)) * (Depth of Gross Solids (ft)) 

 
(Equation 8) 

 
The volume of gross solids which accumulated within each sumped manhole was calculated using the 
following equation: 
 

Manhole Gross Solids Volume (cf) =  
(π) * (manhole radius (ft))² * (Depth of Gross Solids (ft)) 

 
(Equation 9) 

 
The average bulk density (1.28 g/mL or 79.91 lbs/ ft3) of all samples collected from the catch basins and 
the volumes of gross solids captured by each pretreatment unit were used to determine the load of gross 
solids captured by each unit.  This same value for average bulk density was used to calculate gross 
solids loads captured by all units, in all years (2007 to 2010).  This was done in order to determine 
loadings using the data that was available.  It is recognized that gross solids load accumulations and 
composition of material varies from year-to-year.   
 
Gross solids loads were calculated using the following equation: 
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Gross Solids Load (per Catch Basin or Manhole) (lbs) =  
(Gross Solids Volume (cf) * Average Debris Bulk Density (lb/cf)) 

 
(Equation 10) 

4.5.2.2. TP Load: Infiltration Trench Pretreatment Units 
 
Annual TP loads in gross solids captured by each pretreatment unit (catch basin and manhole), from 
2007 to 2010, were determined by using the gross solids loads captured by each unit and an average TP 
concentration (402 mg/kg) of samples collected from all catch basins.  (Note:  The TP concentration of 
one sample collected was excluded from the average calculation due to being an extreme outlier.).  The 
following equation was used to calculate the TP loads in gross solids captured by the catch basins and 
manholes: 
 

Total Phosphorus (TP) load (per Catch Basin or Manhole) (lbs) = 
((Gross Solids Load per unit (lbs))* (TP per unit (mg/kg)) / (1,000,000 mg/kg) 

 
(Equation 11) 

 
Like bulk density, the same value for average TP concentration was used to calculate TP loads for all 
years, from 2007 to 2010.  It is recognized that gross solids load accumulations and composition of 
material varies from year-to-year.   

 

4.5.2.3. Annual Gross Solids and TP Loads: Infiltration Trenches  
 
Due to removal of material from the catch basins and manholes generally twice each year, two gross 
solids and TP loads were calculated for each unit, annually.  Those two gross solids and TP loads per 
unit were summed to determine the total annual loads (gross solids or TP) captured by each catch basin 
and manhole, from 2007 to 2010.  This then enabled the calculation of annual loads captured by each 
infiltration trench, which included the sum of the gross solids or TP loads for all catch basins and 
manholes connected to a particular trench (Trench 1 through 8).     
 

4.5.3. Como Park Regional Pond and Rain Gardens 
 
The annual gross solids and TP loads in gross solids cumulatively removed by all sumped catch basins 
and manholes discharging to the infiltration trenches were used to extrapolate annual gross solids loads 
and TP loads accumulating within the Como Park Regional Pond and all eight rain gardens.   
 
The drainage areas to the pond and the rain gardens have fairly similar land uses and coverage by 
impervious surfaces as the drainage area to the infiltration trenches.  Due to the similarities in drainage 
area characteristics, it was assumed that the drainage areas of the rain gardens and pond would yield 
similar pollutant loads as those to the infiltration trenches. 
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4.5.3.1 Gross Solids Loads  
 
The annual gross solids yield (lbs/acre) for the infiltration trenches was used to extrapolate the annual 
gross solids loads for the Como Park Regional Pond and all rain gardens.  The annual gross solids yield 
for the infiltration trenches was calculated by dividing the annual gross solids loads captured by all 
pretreatment units (all 30 sumped catch basins and 16 sumped manholes), from 2007 to 2010, by the 
portion of the total drainage area to all infiltration trenches covered by impervious surfaces (Table 4-5).     
 
 
Table 4-5. 2007 to 2010 gross solids yields for the infiltration trenches drainage area covered by 

impervious surfaces.   

 
 
 
The annual gross solids load captured by the Como Park Regional Pond and by each rain garden, from 
2007 to 2010, was calculated by multiplying the annual gross solids yield for the infiltration trenches by 
the portion of drainage area to each BMP (pond and each rain garden) covered by impervious surfaces.  
The total drainage area and percentage covered by impervious surfaces, for the pond and each rain 
garden, are listed in Table 4-6. 
 
 
Table 4-6. Como Park Regional Pond and individual rain garden drainage areas and impervious surfaces 

coverage.    

 
 
 

Year
Acres 

Impervious
 Load (lbs)

Yield 

(lbs/ac)

2007 8.93 14,536 1,628

2008 8.93 26,080 2,920

2009 8.93 32,200 3,606

2010 8.93 19,448 2,178

Gross Solids

BMP 

Drainage Area 

(acres)

Impervious 

Surfaces (acres)

% Impervious 

Surfaces

Como Park Regional Pond 128.00 49.92 39%

Arlington‐McKinley Rain Garden 0.37 0.15 41%

Asbury North Rain Garden 0.40 0.17 43%

Asbury South Rain Garden 1.08 0.33 31%

Frankson‐McKinley Rain Garden 2.81 0.94 33%

Hamline Midway Rain Garden 10.47 1.86 18%

Pascal Center Rain Garden 0.13 0.06 46%

Pascal North Rain Garden 0.46 0.13 28%

Pascal South Rain Garden 0.36 0.09 24%
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4.5.3.2. Total Phosphorous Loads  
 
Annual TP loads in gross solids which accumulated in the Como Park Regional Pond and each rain 
garden, from 2007 to 2010, were extrapolated by multiplying the annual TP yield for the infiltration 
trenches by the portion of drainage area (for the pond and each rain garden) covered by impervious 
surfaces (Table 4-7).  
 
 
Table 4-7. The TP yields for the infiltration trenches drainage area covered by impervious surfaces.   

 
 
 

4.6. Annual Projected Gross Solids and Associated TP Loads 
 
Annual projected gross solids and TP loads in gross solids captured by each project BMP were also 
calculated.  Annual projected gross solids and TP loads for each component of the Arlington-Hamline 
Facility (pipe gallery and pretreatment unit) and for the entire Arlington-Hamline Facility are the 
average of the annual gross solids and associated TP loads captured from 2007 to 2010.  Similarly, the 
annual projected gross solids and associated TP loads for the rain gardens are also equal to the average 
of the annual gross solids and associated TP loads captured by the rain gardens from 2007 to 2010.   
 
The annual projected gross solids and associated TP loads for the Como Park Regional Pond is equal to 
the average of the annual gross solids and associated TP loads captured by the pond from 2008 to 2010.  
The pond was not operational in 2007.   
 
The annual gross solids and associated TP loads from 2008 to 2010 were used to determine the annual 
projected gross solids and associated TP loads for each component of the infiltration trenches (sumped 
catch basins and manholes) as well as for each infiltration trench.  Gross solids and associated TP load 
accumulations for the infiltration trenches in 2007 were only representative one-half of a year of 
operation and were therefore excluded from the average calculation.      
 
 

4.7. Annual Total Solids Loading Calculations 
 
Annual total solids loads, from 2007 to 2010, were also calculated for the BMPs.  The total solids load 
removed from each BMP includes: 1) the TSS load removed through the infiltration of stormwater and 
settlement of suspended particles, and 2) the gross solids load which accumulated within the BMPs 

Year
Acres 

Impervious
Load (lbs)

Yield 

(lbs/ac)

2007 8.93 5.84 0.65

2008 8.93 10.48 1.17

2009 8.93 12.94 1.45

2010 8.93 7.82 0.88

Total Phosphorous
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themselves and/or were captured by pretreatment devices.  The 2007 through 2010 annual modeled 
results for TSS loads removed through the infiltration of stormwater runoff and settlement of suspended 
particles were used in the total solids load calculations. 
 
The variables used in annual total solids load calculations for each Arlington Pascal Project BMP are as 
follows: 

 Arlington-Hamline Facility.  Includes the: 
1. TSS load removed through infiltration of stormwater runoff and settlement of suspended 

particles; 
2. Gross solids load accumulated within the pipe gallery; 
3. Gross solids load captured by the pretreatment unit. 

 
 Infiltration Trenches.  Includes the: 

1. TSS load removed through infiltration of stormwater runoff and settlement of suspended 
particles; 

2. Gross solids load captured by sumped catch basins; 
3. Gross solids load captured by sumped manholes. 

 
 Como Park Regional Pond and the Rain Gardens.  Includes the: 

1. TSS load removed through infiltration of stormwater runoff and settlement of suspended 
particles; 

2. Gross solids load accumulated within the BMP. 
 
  

4.8. Annual Cumulative TP Loading Calculations 
 
Annual cumulative TP loads, from 2007 through 2010, were also calculated for the BMPs.  The 
cumulative TP load removed from each BMP includes: 1) the TP load removed through the infiltration 
of stormwater and settlement of suspended particles, and 2) the TP load associated with the gross solids 
load which accumulated within the BMPs themselves and/or were captured by pretreatment devices.  
The 2007 through 2010 annual modeled performance results for TP loads removed through the 
infiltration of stormwater runoff and settlement of suspended particles were used in the cumulative TP 
load calculations. 
 
Annual cumulative TP loads were calculated similarly to annual total solids loads for the BMPs.  The 
variables used in annual cumulative TP load calculations for each BMP are as follows:   
 

 Arlington-Hamline Facility.  Includes the: 
1. TP load removed through infiltration of stormwater runoff and settlement of suspended 

particles; 
2. TP load associated with the gross solids load which accumulated within the pipe gallery; 
3. TP load associated with the gross solids load captured by the pretreatment unit. 
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 Infiltration Trenches.  Includes the: 
1. TP load removed through infiltration of stormwater runoff and settlement of suspended 

particles; 
2. TP load associated with the gross solids load captured by sumped catch basins; 
3. TP load associated with the gross solids load captured by sumped manholes. 
 

 Como Park Regional Pond and the Rain Gardens.  Includes the: 
1. TP load removed through infiltration of stormwater runoff and settlement of suspended 

particles; 
2. TP load associated with the gross solids load which accumulated within the BMP. 

 

4.9. BMP Performance Calculations 
 
The percent removal efficiencies were calculated for discharge, TP, and TSS from the inlet to outlet of 
each BMP.  The removal efficiencies for total solids were not calculated for any of the BMPs.  The 
percent volume reduction efficiency was calculated using the following equation: 
 

% Volume Reduction Efficiency =  
(Total Discharge Inlet (cf) – Total Discharge Outlet (cf)) / (Total Discharge Inlet (cf)) 

 
(Equation 12) 

 
The percent removal efficiencies for TP and TSS were calculated using the following equation: 
 

% Removal Efficiency (TP or TSS) =  
(Total TP/TSS Load Inlet (lbs) – Total TP/TSS Load Outlet (lbs)) / (Total TP/TSS Load Inlet (lbs)) 

 
(Equation 13) 

 

4.10.  Cost-Benefit Analysis 
 

4.10.1. Operation and Maintenance  
 
Construction of stormwater BMPs for the Arlington Pascal Project began in 2005 and all BMPs were 
constructed and operational by 2008.  CRWD has full maintenance responsibility and/or ownership of 
the Arlington Pascal Project BMPs.  For effective management and long term success of these facilities, 
CRWD has developed and implemented a program to assess their performance and conduct 
maintenance. 
 
In 2007, an inspection and maintenance schedule was developed to identify the type and frequency of 
inspections and maintenance activities to be completed for each BMP.  A manual of standard operating 
procedures for all inspections and maintenance activities was also developed using information from the 
MPCA Stormwater Manual (MPCA, 2005) and the University of Minnesota Assessment of Stormwater 
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Best Management Practices (UMN, 2010).  The inspection schedule and the manual of standard 
operating procedures are reviewed annually and updated as necessary. 
 
In 2007, CRWD initiated inspections and maintenance on the eight rain gardens, the eight underground 
infiltration trenches, and the Arlington-Hamline Facility.    In 2008, the Como Park Regional Pond was 
added to the inspections and maintenance routine.  Routine inspections and maintenance have continued 
on schedule, each year, for all BMPs through 2010.  All activities are documented and tracked. 
 

4.10.2. Total Capital Costs 
 
Total capital costs were calculated for each BMP.  The total capital cost was calculated by summing the 
actual costs of design, construction, and bond interest of an individual BMP.  Design and construction 
costs reflect the amount paid by CRWD and project partners.  The bond interest cost only reflects the 
amount of the interest cost paid by CRWD and does not include any interest paid by project partners.   
 
To derive a total capital cost for the Arlington Pascal Project, the individual capital costs for each BMP 
were summed to determine the total project cost.  Again, this cost does not include interest paid by 
project partners.   
  

4.10.3. Annual Capital Costs 
 
Annual capital costs were calculated for the individual Arlington Pascal Project BMPs.  The total capital 
cost for each BMP was amortized over the life expectancy of each BMP.  A life expectancy of 35 years, 
an approximate average life expectancy of an individual BMP, was assumed for each BMP to allow for 
side-by-side comparisons.  An annual project capital cost was also calculated by summing the annual 
capital costs of each BMP.     
 

4.10.4. Total Annual Operation and Maintenance Costs 
 
Total annual operation and maintenance (O & M) costs were calculated for each BMP, for 2007 through 
2010, and were based on the total cost of labor, equipment and materials, and contract services.  Labor 
incorporates time and associated costs spent maintaining the BMPs by CRWD staff, City of St. Paul and 
Minnesota Conservation Corps staff, and volunteers.  Equipment and materials costs include the costs 
spent on tools and items used to maintain the BMPs.  Contract services include the costs for hiring a 
consultant to conduct maintenance services (e.g. removing debris from pretreatment units).   
 
To maintain an accurate record of O & M activities, CRWD used electronic field forms to document all 
BMP site visits.  Each site visit recorded the BMP being inspected or maintained, the inspection or 
maintenance activity occurring, time on and off site, and staff present on site.  The table of the staff rates 
used to calculate O & M labor costs may be found in Appendix A: Table A-3.  Itemized O & M 
activities and costs for 2007 through 2010 for each BMP may be found in Appendix A: Table A-34 
through A-56.      
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Projected annual O & M costs were also determined for each Arlington Pascal Project BMP.  Projected 
annual costs are a reflection of expected labor, equipment and materials, and contract services costs of 
an average year.  The cost estimates were based on CRWD observations and estimations of large scale 
maintenance activities that occur irregularly, such as debris removal from proprietary structures, 
dredging, and bathymetric surveys.  The costs of these irregular, large scale maintenance activities were 
summed for each BMP and amortized over the life expectancy of the BMP.  Amortized costs of the 
large scale maintenance activities are reflected in the annual projected O & M costs and are detailed in 
subsequent individual BMP sections.       
 
Cumulative O & M costs for the entire Arlington Pascal Project were also calculated for 2007 through 
2010 by summing the individual BMPs annual O & M costs.   
 

4.10.5. Annual Operating Costs 
 
The annual operating cost for each Arlington Pascal Project BMP was calculated for 2007 through 2010 
and a projected annual year.  The annual operating cost was determined by adding the annual capital 
cost of each BMP and the total O & M cost for each year from 2007 to 2010, and the projected annual 
year.   The Arlington Pascal Project annual operating costs were calculated by summing the annual 
capital cost with the total annual O & M cost.   
 

4.10.6. Cost-Benefit Analysis: Volume and Pollutant Removal 
 
Annual volume reduction and pollutant removal costs were calculated for each Arlington Pascal Project 
BMP for 2007 through 2010, and a projected annual year.  Pollutant removal costs are driven by two 
factors: fluctuations in annual operating costs (which is directly affected by fluctuations in annual O & 
M costs) and by fluctuations in the amount of pollutants removed by the BMP.  Although other climatic 
factors have influence, generally, an increase in precipitation will result in an increase in stormwater 
runoff flowing to the BMPs.  Increased runoff and pollutant loading offers a greater opportunity for 
discharge and associated pollutants to be removed by the BMP.  Typically, the greater the volume 
infiltrated and pollutants removed by the BMP, the lower the pollutant removal cost.    
 
The volume reduction and pollutant removal costs were determined by dividing the annual operating 
cost of each BMP for a given year by the total volume of runoff infiltrated or by the cumulative TP or 
total solids load removed in that same year.  This provided the costs for removing a pound of TP and 
TSS, the cost for reducing a cubic foot of stormwater volume, and allowed for a side-by-side 
comparison of BMP removal costs.  Modeled annual volume and pollutant load reductions were used in 
the removal cost calculations since they represent total annual loads. Actual monitoring results are only 
representative of a portion of the year.      
 

4.10.7. Cost-Benefit Analysis: Drainage Area 
 
Analysis was also conducted to calculate the total capital costs and the 35-year O & M costs on a per 
acre basis.  The total capital costs for the individual BMPs and the Arlington Pascal Project as a whole 
were divided by the corresponding drainage area of each (individual BMP or entire project).  In addition, 
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construction (capital) costs per acre of impervious surfaces coverage (the amount of the drainage area 
covered by impervious surfaces) were also calculated for each BMP and the project as a whole.   
 
The 35-year O & M costs for each BMP were calculated by multiplying the annual projected O & M 
cost (which includes irregular maintenance activities such as dredging, debris removal, etc.) of each 
BMP by 35; the estimated average life expectancy of all Arlington Pascal Project BMPs.  The 35-year O 
& M cost for the entire Arlington Pascal Project was determined by first summing the annual projected 
O & M cost for each BMP and then multiplying that cost by 35.  The 35-year O & M costs for the entire 
project and each BMP were also normalized by drainage area and amount of impervious surface 
coverage resulting in 35-year O & M costs per acre (drainage area and impervious surfaces coverage).    
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5. Arlington Pascal Stormwater Improvement Project 
Data Summary 

 
 

5.1. Introduction 
 
This section presents an analysis of stormwater BMP performance, a summary of O & M costs, and a 
volume reduction and pollutant removal cost-benefit analysis for the entire Arlington Pascal Stormwater 
Improvement Project.    
 
BMP performance with regards to volume and pollutant load reductions, were simulated by a P8 Water 
Quality Model, for 2007 to 2010 and for a year with an average precipitation amount (annual projected), 
for all Arlington Pascal Project BMPs.  The model was calibrated to water quantity and quality data 
collected during the 2007 through 2010 monitoring seasons.  An analysis of the performance data is 
presented below.     
 
BMP performance data was simulated for the entire calendar year from 2007 through 2010.  The Como 
Park Regional Pond was not operational until 2008; therefore, performance data was not simulated for 
this BMP for 2007.  Although, the eight underground infiltration trenches did not become operational 
until June 2007.  Performance data was simulated for all infiltration trenches for the entire calendar year 
in 2007 in order to conduct consistent year-to-year comparisons.        
 
BMP capital costs and annual O & M costs are also presented for 2007 to 2010.    These represent actual 
construction costs and documented O & M activities and actual costs incurred during that time period.  
Capital and O & M costs for an annual projected year are also presented and were based on staff 
recommendations for costs during a normal maintenance year.   
 
The cost-benefit analysis utilized simulated BMP performance results and annual operating costs to 
determine volume reduction and pollutant removal costs for the individual BMPs, as well as, for the 
project as a whole for 2007 through 2010 and for an annual projected year.   
 
More detailed data and information about the P8 Model may be found in Chapter 4.4 and Appendix C.  
More detailed analysis for the individual BMPs may be found in subsequent sections.  Actual 
monitoring data collected on individual the BMPs is provided on the accompanying data CD.   
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5.2. Performance Analysis 
 

5.2.1. Volume Reduction 
 
In 2007, approximately 1.1 million cf of stormwater runoff flowed to the Arlington Pascal Project BMPs 
(Table 5-1).  All BMPs were operational in 2007 except the Como Park Regional Pond.  The BMPs that 
were operational were highly efficient at volume reduction; less than one-half of one percent of 
stormwater runoff flowing to the BMPs overflowed.  All operational BMPs had volume reduction 
efficiencies between 99% and 100% (Figure 5-1, Appendix A: Table A-4).   
 
The 2008 results represent the first full year of operation of all project BMPs. In 2008 and 2009, there 
were comparable amounts of annual precipitation.  This led to fairly comparable annual volumes of 
stormwater runoff flowing to and from the BMPs; approximately 8.7 million cf and 8.6 million cf of 
runoff flowed to the BMPs in 2008 and 2009 (Figure 5-2, Table 5-1).  Of that runoff, 1.7 million cf was 
removed each year (19% and 20% of annual inflow, respectively).  Annual runoff flowing to all of the 
BMPs in 2008 and 2009 were less than the annual projected amount.    
 
The majority of the BMPs were highly efficient at volume reduction in 2008 and 2009.  The Arlington-
Hamline Facility, underground infiltration trenches, and rain gardens all exhibited volume reduction 
efficiencies of 100% in 2008 and 2009 (Figure 5-1, Appendix A: Tables A-6 and A-8).  All runoff which 
flowed to those BMPs was removed.  Although annual runoff flowing to the BMPs in 2008 and 2009 
were less than the annual projected amount, the volume reduction efficiencies of the Arlington-Hamline 
Facility, trenches, and rain gardens were consistent with annual projected volume reduction efficiencies.      
 
The Como Park Regional Pond has the largest watershed area of all the BMPs and received the majority 
of runoff, flowing to all BMPs, in 2008 and 2009; 89% and 88% of annual flow to the BMPs.  Overflow 
from the pond was attributable to the entire portion of runoff overflowing from all BMPs, in 2008 and 
2009; approximately 7 million cf and 6.9 million cf of runoff overflowed from the pond in 2008 and 
2009 (Figure 5-2).  The pond was not designed for infiltration of stormwater runoff but rather for 
settling of pollutants.  The volume reduction efficiency of the pond in 2008 and 2009 was 9% and 10% 
respectively, which is consistent with the annual projected removal efficiency (Appendix A: Tables A-6, 
A-8 and A-12).  Although there is some infiltration, it is expected that as sedimentation occurs within 
the pond over time, the volume reduction efficiency will gradually decrease until sediment is removed 
from the pond.  Some amount of infiltration is likely to occur at the fringes of the pond.     
 
In 2010, a greater amount of annual precipitation occurred than in previous years; 24% more 
precipitation fell in comparison to the 30-year normal amount.  This precipitation generated a substantial 
amount of stormwater runoff flowing to the BMPs; approximately 18.9 million cf (Figure 5-2, Table 5-
1).  This was more than two times as much runoff than in 2008 or 2009.  Of the runoff which flowed to 
the BMPs in 2010, 16% (approximately 3 million cf) was removed.  This was almost double the amount 
which was removed in 2008 or 2009.  The volume of stormwater runoff flowing to the BMPs in 2010 
was more than one and one-half times that of the annual projected amount and the volume of runoff 
removed was almost one and one-half times that of the annual projected amount.     
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Overall, individual BMP volume reduction efficiencies were lower in 2010 than those observed from 
2007 through 2009 with the exception of the Arlington-Hamline Facility (Figure 5-1, Table 5-3).  The 
Arlington-Hamline Facility was 100% efficient in 2010.  The lower volume reduction efficiencies were 
most likely due to a combination of factors that led to BMP capacities being exceeded; such as more 
frequent storm events, more intense storm events, and storm events with overall higher precipitation 
totals.  In 2010, the volume reduction efficiencies of the other BMPs were as follows: the pond 5%, the 
trenches 77%, and the rain gardens 88%.  With the exception of the Arlington-Hamline Facility, volume 
reduction efficiencies for the BMPs were significantly less than the annual projected efficiencies.              
 
 

 
Figure 5-1.  Volume reduction efficiencies of the Arlington Pascal Project BMPs from 2007 to 2010. 
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Figure 5-2.  Annual stormwater runoff flowing to and discharging from all Arlington Pascal Project BMPs 
from 2007 to 2010 and for a year with an average precipitation amount (annual projected). 

 
 

5.2.2. Total Phosphorous 
 
A cumulative TP load was calculated which includes: 1) the TP load removed through the infiltration of 
stormwater and settlement of suspended solids, 2) the TP load removed through the accumulation of the 
gross solids load within any pretreatment unit(s), and 3) the TP load removed through the accumulation 
of the gross solids load within the BMP itself.   
 

5.2.2.1  TP Load Reductions and Removal Efficiencies:  Due to Infiltration and Settling of 
Suspended Solids  

 
The immediate discussion focuses on annual TP loads with regards to stormwater runoff, infiltration of 
that runoff, and settling of suspended particles in that runoff.  Discussions regarding annual cumulative 
TP loads occur following this discussion.   
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The annual TP load flowing to all BMPs in 2007 was approximately 28 lbs; almost all of which was 
removed (Table 5-1).  Less than one-half of one percent of the annual TP load was not removed and was 
attributable to the TP load in a small amount of runoff overflowing from the infiltration trenches 
(Appendix A: Table A-4).  All operational BMPs were highly efficient; exhibiting TP removal 
efficiencies of 99% and 100% (Figure 5-3).  While annual TP loads flowing to the individual BMPs 
were slightly less than the annual projected loads, the TP removal efficiencies were similar to the annual 
projected efficiencies (Table 5-1)     
 
Annual TP loads flowing to and from the BMPs in 2008 and 2009 were similar; 133 lbs and 136 lbs of 
TP flowed to the BMPs and 76 lbs and 77 lbs overflowed respectively (Table 5-1).  Approximately 57 
lbs and 60 lbs of TP (43% and 44% of the annual TP load flowing to all BMPs) were removed by the 
BMPs in 2008 and 2009.  Similar to stormwater runoff trends, the largest portion of the annual TP loads 
flowing to the BMPs in 2008 and 2009 were attributable to annual TP loads flowing to the Como Park 
Regional Pond (Table 5-3).   
 
Of annual TP loads flowing to all BMPs, in 2008 and 2009, 82% (109 lbs) and 80% (110 lbs) of those 
annual loads flowed to the pond (Appendix A: Tables A-6 and A-8).  These amounts were at least eight 
times the annual TP load flowing to any other BMP.  The pond was also attributed with removing the 
largest portion of annual TP loads to all BMPs in those same years; 32 lbs and 33 lbs of TP were 
removed by the pond in 2008 and 2009.  This equates to 57% and 55% of annual TP loads removed by 
all BMPs.   
 
While the pond removed the largest portion of annual TP loads in 2008 and 2009, it had the lowest TP 
removal efficiencies (30% each year) of any of the BMPs.  The pond’s mechanism for TP removal, 
settling of suspended solids, achieved its maximum (30%) in 2008 and 2009.  Annual TP loads flowing 
to the pond, from 2008 to 2010, were variable.  Regardless of that variability and of the TP load flowing 
to the pond, a maximum of 30% of the annual load will be removed.    TP removal efficiencies for the 
other BMPs were all 100% in those same years.   
 
Although annual TP loads flowing to and from the BMPs in 2008 and 2009 were less than the annual 
projected loads, the TP removal efficiencies for all BMPs observed in 2008 and 2009 exceeded or were 
the same as the projected TP removal efficiencies (Table 5-1).    
 
Annual TP loads flowing to and removed by all BMPs in 2010 were substantially greater than annual TP 
loads of previous years (Table 5-1).  This is largely due to more precipitation in 2010 than in previous 
years.  The annual TP load flowing to all BMPs was 406 lbs, of which, 183 lbs (45%) was removed.  
This was more than three times the annual loads flowing to, from, and being removed by the BMPs in 
previous years and more than two times the annual projected loads. 
 
TP removal efficiencies for the BMPs in 2010 were generally lower than TP removal efficiencies 
observed in previous years for the BMPs and were also lower than annual projected TP removal 
efficiencies; with the exception of the Arlington-Hamline Facility (Figure 5-3, Appendix A: Tables A-10 
and A-12).  The Arlington-Hamline Facility was 100% efficient at TP removal.  TP removal efficiencies 
for the trenches and the rain gardens were 75% and 86%, respectively.  The pond’s TP removal 
efficiency was the same as previous years (30%).         
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 Figure 5-3.  TP removal efficiencies of the Arlington Pascal Project BMPs from 2007 to 2010. 
 
 

5.2.2.2  Cumulative TP Load Reductions  
 
As stated at the beginning of the phosphorous load discussion, annual cumulative TP loads were 
determined for all BMPs.  Cumulative TP loads include the TP load removed through infiltration and 
settling of suspended particles and the TP loads removed through the accumulation of gross solids 
within the BMP and/or any pretreatment units.  Note that not all BMPs have pretreatment units.   
 
The Como Park Regional Pond and the rain gardens do not pretreat stormwater runoff before it flows 
into the BMPs.  Therefore, TP loads in gross solids accumulations are representative of the gross solids 
loads which accumulated within those BMPs.  The Arlington-Hamline Facility and the infiltration 
trenches have pretreatment units.  A large swirl-separator pretreats low flow runoff flowing into the 
Arlington-Hamline Facility before it flows into the pipe gallery where it is infiltrated.  TP loads in gross 
solids load accumulations for the Arlington-Hamline Facility include the gross solids loads which 
accumulated within the swirl-separator and the pipe gallery.  Thirty sumped catch basins and sixteen 
sumped manholes serve as pretreatment units for all infiltration trenches.  TP loads in the gross solids 
loads for the trenches include the gross solids which were captured by all catch basins and manholes.   
 
In 2007, 56 lbs of cumulative TP was removed by all BMPs (Table 5-2).  The cumulative TP load 
removed by the Arlington-Hamline Facility accounted for 62% of the annual cumulative TP load 
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removed by all BMPs (Table 5-3).  Of the annual cumulative TP load removed by all BMPs in 2007, 
nearly half (49%) was attributable to the TP load in gross solids captured by the BMPs and pretreatment 
units (Figure 5-4, Table 5-2).  Annual cumulative TP loads removed by the individual BMPs that were 
operational in 2007), were less than the annual projected cumulative TP loads.     
 
2008 represents the first year in which all BMPs were operational and in 2008, the annual cumulative TP 
load removed by all BMPs was 151 lbs (Table 5-2).  The majority of that cumulative TP load was 
removed by the Como Park Regional Pond (60%) (Table 5-3).  The Arlington-Hamline Facility also 
removed a sizeable portion (22%).  The majority (62%) of the annual cumulative TP load removed by 
all BMPs in 2008 was due to TP in gross solids; approximately 94 lbs (Figure 5-4, Table 5-2).  Annual 
cumulative TP loads removed by the individual BMPs were similar or greater than the annual projected 
cumulative TP loads (Table 5-3). 
 
Although annual precipitation amounts in 2008 and 2009 were fairly similar, the annual cumulative TP 
load removed by the BMPs in 2009 was 22 lbs (14%) greater than the cumulative TP load removed in 
2008 (Figure 5-4, Table 5-2).  The cumulative TP load removed by all BMPs in 2009 was 173 lbs.  This 
difference is attributable to TP loads in gross solids; a greater load was captured in 2009 than in 2008.  
Annual TP loads due to infiltration and settling of suspended particles were similar in 2008 and 2009.   
 
Similar to trends observed in previous years, the Como Park Regional Pond and the Arlington-Hamline 
Facility removed the largest portions of the annual cumulative TP load in 2009; 61% (105 lbs) and 21% 
(36 lbs), respectively (Table 5-3).  The annual cumulative TP load removed by all BMPs in 2009 as well 
as annual cumulative TP loads removed by the individual BMPs exceeded the annual projected loads 
(Table 5-2, Table 5-3).     
 
The greatest quantity of cumulative TP was removed by all BMPs in 2010; 256 lbs (Figure 5-4, Table 5-
2).  This is largely attributable to an increase in precipitation which produced more stormwater runoff in 
2010 than in previous years.  The 2010 annual cumulative TP load removed by all BMPs was at least 
one and one-half times that of the annual cumulative TP load observed in any other year (2007 through 
2009 as well as the annual projected year).  In addition, annual cumulative TP loads removed by the 
individual BMPs were one and one-half to two times more than the individual BMP annual projected 
cumulative TP loads (Table 5-3). 
 
In 2010, a minimum of 20 lbs of cumulative TP was removed by each BMP (Arlington-Hamline 
Facility, pond, trenches, and rain gardens).  The Arlington-Hamline Facility and the Como Park 
Regional Pond removed the largest portions of the annual cumulative TP load in 2010; 73 lbs and 133 
lbs (29% and 52% of annual cumulative TP load) respectively.  Unlike trends observed in previous 
years, the largest portion of the cumulative TP load removed in 2010 was due to the TP load removed 
through infiltration and settling of suspended particles; 71% of the annual cumulative TP load (183 lbs) 
(Figure 5-4, Table 5-2).         
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Figure 5-4.  Annual cumulative TP loads removed by the Arlington Pascal Project BMPs from 2007 to 2010 
and for a year with an average precipitation amount (annual projected). 

 
 

5.2.3. Total Suspended Solids 
 
The TSS load removed by all Arlington Pascal Project BMPs was approximately 12,400 lbs in 2007 
(Table 5-1).  Of this amount, less than one-half of one percent overflowed.  All BMPs which were 
operational (Arlington-Hamline Facility, infiltration trenches, and rain gardens) were highly efficient.  
The Arlington-Hamline Facility and the rain gardens all had TSS removal efficiencies of 100% and the 
trenches 99% (Figure 5-5).  The Arlington-Hamline Facility removed more than one-half of the TSS 
load removed by all BMPs in 2007; 6,600 lbs (Appendix A: Table A-4).  The 2007 annual TSS loads 
removed by the individual BMPs as well as 2007 TSS removal efficiencies for the individual BMPs, 
exceeded the annual projected TSS loads and removal efficiencies (Appendix A: Tables A-4 and A-12).    
 
In 2008 and 2009, the TSS loads flowing to the BMPs was approximately 39,200 lbs and 42,200 lbs 
respectively; of which approximately 34,200 lbs in 2008 and 36,000 lbs in 2009 were removed (Table 5-
1).  This equates to 87% and 85% of the annual TSS loads, respectively.  Overall, the annual TSS load to 
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all BMPs, in 2008 and 2009, as well as the TSS loads to each individual BMP were all less than annual 
projected loads (Appendix A: Tables A-6, A-8, and A-12).  Also, TSS removal efficiencies were very 
high for the Arlington-Hamline Facility, trenches, and rain gardens in 2008 and 2009 (100%) and were 
consistent with annual projected TSS removal efficiencies.  The Como Park Regional Pond had a higher 
TSS removal efficiency in 2008 (82%) than in 2009 (79%); however, both were still high and consistent 
with the annual projected TSS removal efficiency (80%). 
 
The Arlington-Hamline Facility and the Como Park Regional Pond removed the largest proportion of 
the total TSS loads removed by all BMPs in 2008 and 2009; 85% (29,200 lbs) in 2008 and 84% (30,200 
lbs) in 2009.  These two BMPs have the two largest watershed areas of all the BMPs.    
 
The TSS load which flowed to and was removed by all BMPs in 2010 was at a minimum four times the 
annual TSS load in any other year, including the annual projected year (Table 5-1).  Approximately 
189,200 lbs of TSS flowed to all BMPs, of which, 145,800 lbs (77%) was removed.  The Arlington-
Hamline Facility had a TSS removal efficiency of 100%.  This is consistent with removal efficiencies 
observed in previous years as well as the annual projected TSS removal efficiency (Figure 5-5, 
Appendix A: Tables A-10 and A-12).  The TSS removal efficiencies for the infiltration trenches (82%), 
rain gardens (87%), and pond (69%) were lower than TSS removal efficiencies observed in previous 
years and were lower than annual projected removal efficiencies.  However, the TSS removal 
efficiencies for the trenches and the rain gardens were still high.         
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Figure 5-5.  TSS removal efficiencies of the Arlington Pascal Project BMPs from 2007 to 2010. 
 
 

5.2.4. Total Solids 
 
A comprehensive total solids load was determined for the BMPs.  It incorporates: 1) the TSS load 
removed by the BMP through the infiltration of stormwater and settlement of suspended particles, 2) the 
gross solids load which accumulated within any pretreatment units, and 3) the gross solids load which 
accumulated within the BMPs.   
 
The total solids load removed by all BMPs in 2007 was approximately 57,700 lbs (Figure 5-6, Table 5-
2).  The majority of that load (45,000 lbs or 78%) was attributable to the accumulation of gross solids 
loads in the BMPs and pretreatment units.  Of the BMPs which were operational in 2007, more than 
one-half of the annual total solids load removed by all BMPs was due to total solids removed by the 
Arlington-Hamline Facility (Table 5-3).  Total solids loads removed by the Arlington-Hamline Facility 
and the infiltration trenches in 2007 were similar to or greater than the annual projected total solids loads 
removed (Table 5-3).  The total solids load removed by the rain gardens (8,400 lbs) in 2007 was 
significantly less than the annual projected load removed (13,200 lbs).      
 
Annual total solids loads removed by all BMPs in 2008 and 2009 totaled approximately 244,700 lbs and 
292,600 lbs, respectively (Figure 5-6, Table 5-2).  The majority of those annual loads (86% in 2008 and 
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88% in 2009) were due to the accumulation of gross solids in the BMPs and pretreatment units; 210,500 
lbs and 256,600 lbs, respectively.  The amount of the annual total solids loads removed in 2008 and 
2009, due to TSS removal by the BMPs, were fairly consistent.  The 2008 and 2009 annual total solids 
loads removed by all BMPs exceeded the annual projected load removed.  Annual total solids loads 
removed by the individual BMPs also generally exceeded the annual projected total solids loads 
removed (Table 5-3).   
 
The largest portion of the annual total solids loads removed by all BMPs, in 2008 and 2009, was due to 
total solids captured by the Como Park Regional Pond; 69% (169,300 lbs) and 70% (203,600 lbs) of the 
total solids load to all BMPs were removed by the pond.  Significant total solids loads, 13,000 lbs to 
37,600 lbs, were removed by the other BMPs (Arlington-Hamline Facility, trenches, and rain gardens) 
even though they accounted for a smaller portion of the annual total solids loads in both years.   
 
In 2010, approximately 301,000 lbs of total solids was removed by all BMPs (Figure 5-6, Table 5-2).  
This was the largest amount removed than in any other year, including the annual projected year.  The 
proportion of that load which was removed through infiltration and settling and the proportion due to 
accumulation of gross solids were nearly the same; 48% of the annual total solids load was due to 
infiltration and settling of suspended solids while 52% was due to accumulation of gross solids.  Annual 
total solids loads removed by each BMP in 2010 exceeded the annual projected total solids loads 
removed.   
 
Similar to previous years, the Como Park Regional Pond removed the largest portion (65%) of the 
annual total solids load removed by all BMPs in 2010; approximately 194,400 lbs were removed by the 
pond.  Annual total solids load removed by the other BMPs in 2010 were also significant; ranging from 
19,000 lbs to 52,800 lbs.     
 
Annual total solids loads that are captured by each BMP are largely dependent upon the BMP’s 
watershed area.  Since the Como Park Regional Pond has the largest watershed area, it consistently 
accumulated the largest portion of annual total solids loads than any other BMP.          
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Figure 5-6.  Annual total solids loads removed by the Arlington Pascal Project BMPs from 2007 to 2010 
and for a year with an average Precipitation amount (annual projected). 
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Table 5-1.  Annual volume reduction and pollutant removal efficiencies for the Arlington Pascal Project BMPs from 2007 to 2010 and for a year 
with an average precipitation amount (annual projected). 

  

2007 2008 2009 2010

Annual 

Projecteda

Annual Precipitation (in) 25.0 21.7 22.3 36.3 26.0

Subwatershed Area (ac) 217 217 217 217 217

VOLUME REDUCTION
Inflow Volume (cf) 1,103,549 8,677,153 8,596,609 18,896,546 10,881,025

Outflow Volume (cf) 3,005 6,992,905 6,851,204 15,829,922 8,814,322

Volume Removed by BMP (cf) 1,100,544 1,684,248 1,745,405 3,066,624 2,066,703

TOTAL PHOSPHOROUS LOAD REDUCTION
Inflow TP Load (lbs) 28.4 133.1 136.4 406.4 162.9

Outflow TP Load (lbs) 0.1 76.4 76.8 223.1 96.1

TP Load Removed by BMP (lbs) 28.3 56.7 59.6 183.3 66.8

TOTAL SUSPENDED SOLIDS LOAD REDUCTION
Inflow TSS Load (lbs) 12,382 39,242 42,208 189,196 44,916

OutflowTSS Load (lbs) 29 5,079 6,221 43,430 6,609

TSS Load Removed by BMP (lbs) 12,353 34,163 35,987 145,766 38,307
a Annual  projected results  derived using the 1995 water year.
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Table 5-2.  Annual cumulative TP and total solids load reductions for the Arlington Pascal Project BMPs from 2007 to 2010 and for a year with 
an average precipitation amount (annual projected). 

 
 
 
  

2007 2008 2009 2010

Annual 

Projected

Annual Precipitation (in) 25.0 21.7 22.3 36.3 26.0

Subwatershed Area (ac) 217 217 217 217 217

VOLUME REMOVED
Total Volume Removed by BMP (cf) 1,100,544 1,684,248 1,745,405 3,066,624 2,066,703

CUMULATIVE TP LOAD REMOVED
TP Load Removed by BMP (lbs) 28.3 56.7 59.6 183.3 66.8

TP Load in Gross Solids Load Removed by BMP (lbs) 12.2 71.5 86.3 60.8 67.5

TP Load in Gross Solids Load Removed by Pretreatment Units (lbs) 15.4 22.3 26.6 12.3 20.3

Cumulative TP Load Removed: BMP + Pretreatment (lbs) 55.9 150.6 172.6 256.4 154.6

TOTAL SOLIDS LOAD REMOVED  
TSS Load Removed by BMP (lbs) 12,353 34,163 35,987 145,766 38,307

Gross Solids Load Removed by BMP (lbs) 13,885 163,569 200,340 127,980 150,788

Gross Solids Load Removed by Pretreatment Units (lbs) 31,416 46,949 56,274 27,282 43,324

Total Solids Load Removed: BMP + Pretreatment (lbs) 57,654 244,681 292,601 301,028 232,420
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Table 5-3.  Total annual volume and pollutant load reductions for the Arlington Pascal Project and individual BMPs. 

 
 

Arlington‐

Hamline Facility

Como Park 

Regional Pond

Infiltration 

Trenches Rain Gardens Project Total

2007 526,248 NA 317,248 257,048 1,100,544

2008 458,600 718,914 281,616 225,118 1,684,248

2009 475,675 747,490 291,721 230,519 1,745,405

2010 1,245,032 737,994 582,354 501,245 3,066,625

Projected 566,149 876,341 346,562 277,651 2,066,703

2007 34.4 NA 13.3 8.2 55.9

2008 33.4 90.9 17.1 9.3 150.7

2009 36.4 105.3 20.1 10.7 172.6

2010 73.2 133.4 29.4 20.4 256.4

Projected 35.5 90.4 18.3 10.4 154.6

2007 31,347 NA 17,871 8,433 57,651

2008 33,414 169,293 28,977 12,997 244,681

2009 37,575 203,627 35,584 15,815 292,600

2010 52,819 194,446 34,722 19,042 301,029

Projected 32,071 157,953 29,217 13,178 232,419

NA:  Not available.  The Como Park Park Regional  Pond was  not operational  in 2007.
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a  
Includes  the TP load removed through infi ltration of stormwater and settlement of suspended particles  and the TP load 

associated with the gross  solids  load(s) captured by the BMP and/or any pretreatment units.

b 
Includes  the TSS load removed through infi ltration of stormwater and settlement of suspended particles  and the gross  

solids  load(s) captured by the BMP and/or any pretreatment units.  
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5.2.5. 2003 Arlington Pascal Project Target TP Load Reductions 
 
The 2003 hydraulic evaluation of the Como 7 Subwatershed determined target TP load reduction goals 
for the Arlington Pascal Project overall and for each individual BMP (CRWD, 2003).  This evaluation 
established target reductions based on original, preliminary plans of the BMPs.  The preliminary plan 
had the Arlington-Hamline Facility as a stormwater pond and the underground infiltration trenches as a 
series of boulevard rain gardens.  Over the course of development of the Arlington Pascal Project, those 
preliminary plans were modified based on further planning and public input to feature the stormwater 
BMPs ultimately constructed.  Although the BMP types were altered from the original plan, the BMPs 
constructed were still designed to meet the load reductions outlined in the 2003 evaluation.   
 
From 2007 to 2010, annual cumulative TP load reductions for the Arlington Pascal Project averaged 159 
lbs per year.  Since 2008, when all project BMPs were operational, individual BMP and project 
cumulative TP load reductions far exceeded the 2003 target TP load reductions (Table 5-4).  Cumulative 
TP load reductions, from 2008 to 2010, were more than one and one-half times the target load reduction.  
The annual projected cumulative TP load reduction for the entire Arlington Pascal Project was slightly 
more than two times the 2003 target load reduction for the entire project.               
 
Since the BMPs have been operational, annual cumulative TP load reductions for the Arlington-Hamline 
Facility and the Como Park Regional Pond were more than two times greater than the 2003 target load 
reductions.  The annual cumulative TP load removed by the infiltration trenches and rain gardens in 
2007 was slightly less than the 2003 target load reduction.  However, since 2008, annual cumulative TP 
load reductions for the trenches and the rain gardens exceeded the 2003 target load reductions.   
 
 
Table 5-4. Comparison of the Arlington Pascal Project annual cumulative TP load reductions, from 2007 to 

2010 and for a year with an average precipitation amount (annual projected), to the 2003 target 
TP load reduction. 

 
 
 

5.3. Operation and Maintenance 
 
CRWD is responsible for the overall operation and maintenance the Arlington Pascal Project BMPs.  
Additional assistance is received by other parties for maintenance of some BMPs. The City of St. Paul 
Parks and Recreation Department provided maintenance assistance with debris removal around the 
perimeter of the Como Park Regional Pond following storm events and general maintenance of one rain 
garden.  Citizen volunteers also provided assistance with general maintenance of the rain gardens.   

BMP

2003 

(Target) 2007 2008 2009 2010

Annual 

Projected

Arlington‐Hamline Facility 12 34 33 36 73 35

Como Park Regional Pond 41 NA 91 105 133 90
Rain Gardens and Underground 

Infiltration Trenches 24 22 26 31 50 29

Project Total TP Load Reduction: 77 56 151 173 257 155

NA: Not Available

*All  loads  are expressed in pounds  (lbs).
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From 2007 to 2010, on average, approximately $22,000 and 554 labor hours have been spent annually 
on the O & M of all Arlington Pascal Project BMPs.  The majority of that cost has been spent on O & M 
of the infiltration trenches and the rain gardens.  Although the overall O & M cost has varied annually, 
the actual total annual labor hours have steadily decreased.  The annual costs for labor, equipment and 
materials, and contract services for each project BMP are shown in Table 5-5. 
 
Generally, from 2007 to 2010 almost half of the total annual O & M costs have been attributable to 
debris removal from the sumped catch basins and manholes connected to the infiltration trenches.  Also, 
the rain gardens require more labor intensive maintenance in comparison to other BMP types.  A 
significant portion of labor was spent establishing the rain gardens in 2007; however, annual labor costs 
have greatly decreased over time from approximately $11,500 in 2007 to $3,200 in 2010.  The rain 
garden O & M cost would have been at its lowest in 2010 if not for the purchase and installation of 
educational signage at the rain gardens; 2010 equipment and materials cost were approximately $4,400.   
 
In 2007, the infiltration trenches became fully operational mid-year resulting in lowered O & M costs 
since a full calendar year of operation and maintenance was not represented.  Also, the Como Park 
Regional Pond was not completed until 2008 and did not contribute to the overall O & M cost for 2007.  
However, the initial O & M costs spent establishing the rain gardens in 2007 offset these overall 
reductions. 
 
The highest annual O & M costs for the individual BMPs and project as a whole occurred in 2008 
(Table 5-5).  The high O & M cost is primarily due to the development of an individual O & M plan for 
the Como Park Regional Pond and the additional maintenance needs for the infiltration trenches.  A 
higher frequency of inspections occurred for the infiltration trenches in 2008 in comparison to other 
years. In addition, labor intensive maintenance of the steel hoods in the catch basins occurred in 2008 
and contributed to the increased costs.  In general, annual O & M costs in 2009 and 2010 decreased from 
2007 and 2008 because all BMPs were established and only routine maintenance of the BMPs was 
necessary.   
 
The projected annual O & M cost for the BMPs was approximately $29,400.  This was significantly 
higher than the average O & M cost ($22,000), as well as any annual O & M cost observed for the 
BMPs from 2007 to 2010 (Table 5-5).  The projected O & M cost accounts for not only routine 
maintenance activities but also incorporates the cost for large scale maintenance needs for the Arlington-
Hamline Facility, Como Park Regional Pond, and infiltration trenches (i.e. bathymetric surveys, 
dredging/removal of sediment, etc).  Those irregular costs were amortized over the life expectancy (35 
years) of the BMPs and incorporated into the projected annual O & M cost.  In years when the irregular 
maintenance activities occur, the annual O & M costs will be substantially higher than in normal 
maintenance years.  Detailed O & M activities and costs on each BMP may be found in subsequent 
individual sections as well as in Appendix A: Tables A-34 through A-56. 
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Table 5-5.  Annual O & M costs and labor hours spent maintaining the Arlington Pascal Project BMPs 
from 2007 through 2010 and for an annual projected year. 

 

Arlington‐

Hamline Facility

Como Park 

Regional Pond

Infiltration 

Trenches Rain Gardens Project Total

Labor $267 NA $2,373 $11,469 $14,108

Equipment & Materials $264 NA $0 $2,621 $2,885

Contract Services $0 NA $3,136 $761 $3,897

Annual O & M Cost $531 NA $5,509 $14,851 $20,891

Total Labor Hoursa 12.8 NA 138.0 640.0 790.8

Labor $296 $983 $1,768 $5,142 $8,189

Equipment & Materials $0 $31 $323 $1,755 $2,109

Contract Services $1,729 $5,544 $10,314 $648 $18,234

Annual O & M Cost $2,025 $6,558 $12,405 $7,544 $28,532

Total Labor Hoursa 13.9 77.8 87.8 431.6 611.2

Labor $211 $915 $337 $3,790 $5,253

Equipment & Materials $0 $0 $0 $1,006 $1,006

Contract Services $1,729 $0 $10,314 $0 $12,042

Annual O & M Cost $1,940 $915 $10,651 $4,796 $18,301

Total Labor Hoursa 13.0 75.2 23.3 380.2 491.7

Labor $168 $1,152 $675 $3,185 $5,180

Equipment & Materials $0 $0 $0 $4,430 $4,430

Contract Services $1,728 $0 $10,314 $0 $12,042

Annual O & M Cost $1,896 $1,152 $10,988 $7,615 $21,652

Total Labor Hoursa 10.0 94.1 43.2 243.2 390.5

Labor $250 $1,000 $1,000 $5,010 $7,260

Equipment & Materials $0 $50 $100 $1,350 $1,500

Contract Services $2,900 $5,500 $11,400 $800 $20,600

Annual O & M Cost $3,150 $6,550 $12,500 $7,160 $29,360
a 
Includes  CRWD staff, CRWD volunteer, and City of St. Paul  staff hours.

NA:  Not Available
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5.4. Cost-Benefit Analysis: Volume and Pollutant Removal 
 
The annual capital cost of the total Arlington Pascal Project increased from approximately $40,600 in 
2007 to $79,600 in 2008 and subsequent years (Table 5-6).  This increase was due to the completion of 
the Como Park Regional Pond which became operational in 2008.   Since 2008, annual capital costs 
have remained constant.  The annual capital costs of the individual BMPs are fixed values, which will 
only be modified if the 35-year life expectancy is to be modified (this is the value in which the total 
capital costs are amortized by).   
 
Since 2008 which represents the first year in which all BMPs were operational, the Como Park Regional 
Pond was accountable for the greatest majority of the annual capital cost.   Individually, the pond 
accounts for nearly half of the total project annual capital cost.   
 
 
Table 5-6.  Annual capital costs for the Arlington Pascal Project from 2007 through 2010 and for a year 

with an average precipitation amount (annual projected). 

 
 
 
Annual operating costs are comprised of the total annual capital costs and the total annual O & M costs. 
Annual operating costs are primarily driven by increases or decreases in annual O & M costs since 
annual capital costs generally remain constant.   
 
From 2007 to 2010, the annual operating cost for the Arlington Pascal Project averaged approximately 
$88,200.  Since the Como Park Regional Pond was still under construction in 2007, the 2007 annual 
operating cost for the Arlington Pascal Project was significantly less than any other year; roughly 
$61,500.   This greatly reduced the overall average project annual operating cost.  Annual operating 
costs for all BMPs from 2008 through 2010 are more representative of actual project costs because all of 
the BMPs were fully operational.  From 2008 to 2010, the average annual operating cost was 
approximately $97,200.  Annual operating costs are shown in Table 5-7. 
 
The overall Arlington Pascal Project annual projected operating cost is higher than any annual operating 
cost from 2007 to 2010.  This is again due to irregular, large scale maintenance needs of the individual 
BMPs.   
 
 
  

2007 2008‐2010

Annual 

Projected

Arlington‐Hamline Facility $24,605 $24,605 $24,605

Como Park Regional Pond NA $38,981 $38,981

Infiltration Trenches  $11,430 $11,430 $11,430

Rain Gardens $4,578 $4,578 $4,578

Project Total: $40,614 $79,595 $79,595
NA: Not Applicable
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Table 5-7.  Annual operating costs for the Arlington Pascal Project and individual BMPs from 2007 
through 2010 and for a year with an average precipitation amount (annual projected). 

 
 
 
A cost-benefit analysis was completed to determine volume reduction and pollutant removal costs for 
the Arlington Pascal Project and individual BMPs (Table 5-8).   It incorporated BMP performance data 
and actual construction and O & M costs to determine the unit cost for removing a single pound of 
pollutants (TP and total solids) and one cubic foot of volume reduction.  This cost-benefit analysis 
serves as a basis of comparison for BMP types and has the potential to be a tool for decision makers in 
future projects.     
 
Volume reduction and pollutant removal costs are directly affected by two factors: fluctuations in annual 
operating costs and fluctuations in the amount of volume reduction and pollutant load reductions 
occurring.  In general, the amount of volume and pollutant load reductions occurring has a larger impact 
than the fluctuations in the annual operating costs. 
 
Annual operating costs for the BMPs fluctuated greatly from 2007 to 2010.  In general, the lowest 
annual operating costs occurred in 2007 and the highest in 2008.  However, there was a decreasing trend 
in volume reduction and pollutant removal costs, from 2007 to 2010, across the individual BMPs and the 
Arlington Pascal Project as a whole (Table 5-8).  The highest volume reduction and pollutant removal 
costs occurred in 2007 and the lowest in 2010.   The lower volume reduction and pollutant removal costs 
in 2010 were mostly due to the higher amount of annual precipitation in 2010.  This increased 
precipitation generated more stormwater runoff and pollutants flowing to the BMPs and also allowed for 
substantially more volume and pollutants to be removed than in any other year.     
 
Volume reduction costs for the entire Arlington Pascal Project from 2007 to 2010 were between $0.03 
and $0.06 per cubic foot (Table 5-8).  The volume reduction cost in 2010 for the entire project was one-
half the volume reduction costs from 2007 to 2010.  Again, this was due to significantly more 
stormwater runoff being removed in 2010 than in previous years.  Volume reduction costs for the 

Arlington‐

Hamline Facility

Como Park 

Regional Pond

Infiltration 

Trenches Rain Gardens Project Total

Annual Capital Cost $24,605 NA $11,430 $4,578 $40,614

Annual O & M Cost $531 NA $5,509 $14,851 $20,891

Annual Operating Cost $25,136 NA $16,939 $19,429 $61,504

Annual Capital Cost $24,605 $38,981 $11,430 $4,578 $79,595

Annual O & M Cost $2,025 $6,558 $12,405 $7,544 $28,532

Annual Operating Cost $26,630 $45,539 $23,835 $12,122 $108,127

Annual Capital Cost $24,605 $38,981 $11,430 $4,578 $79,595

Annual O & M Cost $1,940 $915 $10,651 $4,796 $18,301

Annual Operating Cost $26,545 $39,897 $22,081 $9,374 $97,896

Annual Capital Cost $24,605 $38,981 $11,430 $4,578 $79,595

Annual O & M Cost $1,896 $1,152 $10,988 $7,615 $21,652

Annual Operating Cost $26,502 $40,134 $22,418 $12,193 $101,247

Annual Capital Cost $24,605 $38,981 $11,430 $4,578 $79,595

Annual O & M Cost $3,150 $6,550 $12,500 $7,160 $29,360

Annual Operating Cost $27,755 $45,531 $23,930 $11,738 $108,955
NA:  Not Available
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individual BMPs varied annually; individual BMP volume reduction costs were between $0.02 and 
$0.08 per cubic foot from 2007 to 2010.     
 
From 2007 to 2010, annual cumulative TP removal costs for the Arlington Pascal Project were between 
$395 and $1,100 per pound and for the individual BMPs were between $301 and $2,372 per pound 
(Table 5-8).  The total solids removal costs for the overall project and individual BMPs were between 
$0.33 and $1.07 per pound and $0.20 and $2.30 per pound, respectively.   
 
The infiltration trenches and the rain gardens consistently had the highest cumulative TP and total solids 
removal costs of the BMPs from 2007 to 2010 (Table 5-8).  From 2007 to 2010, on average the cost to 
remove one pound of cumulative TP by the trenches and the rain gardens were $1,140 and $1,089, 
respectively and the average total solids removal cost for each was $0.73 and $0.94 per pound, 
respectively.  This was due to a combination of the overall lower amounts of pollutants being removed 
(because of their smaller drainage areas in comparison to the pond or the Arlington-Hamline Facility) 
and more frequent and intensive O & M schedule; because of their BMP type they require more annual 
maintenance than the pond and the Arlington-Hamline Facility. 
 
The Arlington-Hamline Facility and the Como Park Regional Pond had the lowest cumulative TP and 
total solids removal costs of the BMPs from 2007 to 2010 (Table 5-8).  The average cost to remove one 
pound of cumulative TP was lower for the Como Park Regional Pond ($381) than the Arlington-
Hamline Facility ($590).  The average cost to removed one pound of total solids was more than three 
times lower for the Arlington-Hamline Facility ($0.22) than the Como Park Regional Pond ($0.68).    
 
The 2007 to 2010 average volume reduction costs for the Arlington-Hamline Facility and the rain 
gardens were the same ($0.04  per cubic foot) and were lower than the volume reduction costs for the 
Como Park Regional Pond and the infiltration trenches, which were also identical ($0.06 per cubic foot).   
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Table 5-8.  Volume reduction and pollutant removal costs for the Arlington Pascal Project and individual 
BMPs.  

 
 
 

5.5. Cost-Benefit Analysis: Drainage Area 
 
In addition to the results of the cost-benefit analysis described above, additional analysis was conducted 
to determine the capital costs and the 35-year projected O & M costs, of each BMP and the Arlington 
Pascal Project as a whole, on a per acre basis.  Capital costs and O & M costs were normalized by the 
drainage area (of the project or specific BMP) and by the portion of that drainage area covered by 
impervious surfaces.  The results of that analysis are presented in Table 5-9. 
 
 

Arlington‐

Hamline Facility

Como Park 

Regional Pond

Infiltration 

Trenches Rain Gardens Project Total

2007 $25,136 NA $16,939 $19,429 $61,504

2008 $26,630 $45,539 $23,835 $12,122 $108,127

2009 $26,545 $39,897 $22,081 $9,374 $97,896

2010 $26,502 $40,134 $22,418 $12,193 $101,247

Projected $27,755 $45,531 $23,930 $11,738 $108,955

2007 $0.05 NA $0.05 $0.08 $0.06

2008 $0.06 $0.06 $0.08 $0.05 $0.06

2009 $0.06 $0.05 $0.08 $0.04 $0.06

2010 $0.02 $0.05 $0.04 $0.02 $0.03

Projected $0.05 $0.05 $0.07 $0.04 $0.05

2007 $732 NA $1,269 $2,372 $1,100

2008 $797 $501 $1,395 $1,301 $718

2009 $729 $379 $1,096 $880 $567

2010 $362 $301 $762 $599 $395

Projected $782 $504 $1,307 $1,129 $705

2007 $0.80 NA $0.95 $2.30 $1.07

2008 $0.80 $0.27 $0.82 $0.93 $0.44

2009 $0.71 $0.20 $0.62 $0.59 $0.33

2010 $0.50 $0.21 $0.65 $0.64 $0.34

Projected $0.87 $0.29 $0.82 $0.89 $0.47

b 
Represents  the removal  cost for the total  solids  load removed.  This  includes  the TSS load removed through infi ltration of 

stormwater and settlement of suspended solids  and the gross  solids  load(s) captured by the BMP and/or any pretreatment 

units.
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Represents  the removal  cost for the cumulative TP load removed.  Includes  the TP load removed through infi ltration of 

stormwater and settlement of suspended solids  and the TP load associated with the accumulation of gross  solids  load(s) 

within the BMP and/or any pretreatment units.
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Table 5-9.  Capital Costs and 35-Year Annual Projected O & M Costs, for the Arlington Pascal Project and 
BMPs, normalized by drainage area and impervious surfaces coverage. 

 
 
 
 
 

 

Arlington‐

Hamline 

Facility

Como Park 

Regional 

Pond

Infiltration 

Trenches

Rain     

Gardens Project Total

Drainage Area (ac) 50.00 128.00 22.67 16.08 189.95

Impervious Surface Coverage (%) 44% 39% 39% 23% 0.44

Impervious Surface Coverage (ac) 22.00 49.92 8.84 3.70 83.58

Capital Cost 799,087$        1,364,346$     400,060$        160,244$       2,723,737$     

Cost per Acre Drainage Area ($/ac) 15,982$          10,659$          17,647$          9,965$           14,339$          

Cost per Acre Impervious ($/ac) 36,322$          27,331$          45,249$          43,328$         32,589$          

35‐Year O & M Cost Per Acre

35‐Year Projected O & M Costa 110,250$        229,250$       437,500$       250,600$       1,027,600$    

Cost per Acre Drainage Area ($/ac) 2,205$            1,791$            19,299$          15,585$         5,410$            

Cost per Acre Impervious ($/ac) 5,011$            4,592$            49,491$          67,730$         12,295$          

Capital Cost Per Acre

a
Annual  projected  O & M costs  were multiplied by the l ife expectancy of the BMPs  (35 years) to derive the 35‐year O & M cost.
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6. Climatological Summary 
 

6.1. Background 
 
Over the four-year monitoring period (2007 to 2010) of the Arlington Pascal Project BMPs, weather 
conditions and precipitation trends varied significantly over the District.  The annual precipitation totals 
over the four-year monitoring period reflected both very dry and very wet conditions.  For example, a 
24% precipitation increase was observed in 2010 in comparison to the National Weather Service (NWS) 
30-year normal precipitation amount.  The consequence of variations in precipitation trends on BMP 
performance were observed in the monitoring results.  Thus, understanding the effects of climatological 
factors to watershed response, are critical for BMP performance analysis.  
 
 

6.2. Data Summary 
 
Climatological data (temperature and precipitation) collected by the Minnesota Climatology Research 
Group (University of Minnesota- St. Paul) and by the National Weather Service (NWS) were also used 
in model calibration and performance data modeling for the Arlington Pascal Project BMPs.  
 
The Minnesota Climatology Research Group records precipitation every fifteen minutes from an 
automatic rain gauge located on the University of Minnesota-St. Paul Campus (UMN).  This rain gauge 
is located approximately two miles directly west of the Arlington Pascal Project area.  The data is 
reported on a public website (http://climate.umn.edu/).  The 15-minute precipitation data was used to 
calculate hourly precipitation totals, monthly precipitation totals, and annual precipitation totals.  The 
hourly precipitation was used for model calibration.  Table 6-1 lists the summed annual precipitation 
totals for 2007 through 2010. 
 
Additionally, precipitation and daily temperatures collected from a NWS weather station, located at the 
Minneapolis-St. Paul International Airport, were retrieved from a public website 
(http://www.nws.noaa.gov/climate/index.php?wfo=mpx).  This weather station is located approximately 
ten miles south of the Arlington Pascal Project area.  The 2007 to 2010 climate data was compared to the 
NWS 30-year normal values.  Table 6-1 lists the annual mean temperature and annual precipitation 
departures from the 30-year normal values for the Minneapolis-St. Paul region.  Figure 6-1 graphically 
compares the 30-year normal precipitation values to 2007 to 2010 observed precipitation data.   
 
Over the four-year period that the BMPs were monitored, the 2007 annual precipitation total at the 
UMN weather station was closest to the NWS 30-year normal value of 29.4 inches with the mean 
temperature being two and one-half degrees higher than normal.   In 2008, approximately eight inches of 
precipitation less than the NWS 30-year normal value were recorded, showing the greatest departure 
from normal during the 2007 through 2010 monitoring record.  Similarly, 2009 recorded six fewer 
inches of precipitation than normal.  By far, 2010 was the wettest year in the BMP monitoring record, 
yielding seven more inches of rain than normal with a mean temperature nearly three degrees hotter.  
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The rainfall amounts in 2010 represented a 24% increase in annual precipitation in comparison to the 
NWS 30-year normal amount. 
 
 
Table 6-1.  2007 to 2010 annual precipitation totals and annual mean temperatures as compared to the 

NWS 30-year normal. 

 
 
 

 
 
 
 
Figure 6-1.  Annual precipitation totals, from 2007 to 2010, as compared to the NWS 30-year normal. 
 
 
 

Year

Precipitation 

(inches)ª
Mean 

Temperature (°F)
Departure from Normal

2007 29.72 47.8 0.3" higher, 2.5° higher

2008 21.67 44.7 7.7" lower, 0.6° lower

2009 23.24 45.4 6.2" lower, 0.1° higher

2010 36.32 48.2 6.9" higher, 2.9° higher

NWS 30‐Year Normal  29.41 45.3

ª Annual  precipitation reported by UMN.
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7. Arlington-Hamline Underground Stormwater 
Facility  

 
 

7.1 Background 
 
The Arlington-Hamline Underground Stormwater 
Facility (Arlington-Hamline Facility) is a large 
underground stormwater retention and infiltration 
system (Figure 7-1).  It is located beneath 
parkland at the southeast corner of Hamline 
Avenue North and Arlington Avenue West 
intersection in St. Paul.   
 
The Arlington-Hamline Facility has a watershed 
area of 50 acres with impervious surfaces 
covering 22 acres (44%) of that area.  Primarily, 
the facility only receives flow resulting from 
stormwater runoff.  It receives untreated runoff 
from 33 acres within the BMP’s 50 acre 
watershed, which drain directly to the facility.  
The other 17 acres of the BMP’s watershed 
receive treatment by other Arlington Pascal Project BMPs, nested within the Arlington-Hamline 
Facility’s watershed.  Four underground infiltration trenches (on Arlington Avenue) treat stormwater 
runoff from 13 acres, with any overflows from those four BMPs flowing to the Arlington-Hamline 
Facility.  Additionally, five rain gardens also treat runoff from 4 acres; however, overflow from those 
BMPs do not flow to the Arlington-Hamline Facility.   
 
The Arlington-Hamline Facility consists of two components: a pipe gallery and a pretreatment unit.  The 
pipe gallery consists of 861-feet of ten-foot diameter, perforated, corrugated metal pipes which store and 
infiltrate stormwater (Figure 7-1).  The pipe gallery has a storage capacity of nearly two-acre feet.  A 
Contech Vortech® Model 7000 functions as a pretreatment unit.  The Vortech® is a hydrodynamic 
separator which is designed to effectively treat low flows by removing sediment, oil, and debris before 
discharging into the pipe gallery (Appendix B: Figure B-1).  A series of flow controls (i.e. large swirl 
chamber, baffle, and flow control walls) reduce turbulent velocities, decreasing the probability of re-
suspension of debris and sediment and increasing the residence time for treatment of stormwater runoff 
in the device.   
 
Inflow is diverted from a 60-inch storm sewer located in Arlington Avenue to the facility by a diversion 
weir (Figure 7-2).  A short distance from the diversion weir, water then flows to a second diversion weir 
2.4 feet in height.  During low flow periods (less than 2.4 feet), water is diverted into the pretreatment 
unit before flowing into the pipe gallery.  In instances of high flow (greater than 2.4 feet), water flows 
directly into the pipe gallery, bypassing the pretreatment unit.  When the water depth inside the pipe 

Figure 7-1. Construction of the Arlington-Hamline 
Facility. 
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gallery exceeds 3 feet, water flows out of the pipe gallery through a 12-inch orifice and back into the 60-
inch storm sewer in Arlington Avenue.  This storm sewer ultimately flows to Como Lake.   
 
Figure 7-2 depicts a diagram of the Arlington-Hamline Facility.  Detailed schematics of the facility (as-
built) may be found in Appendix B: Figure B-1.     
    
          

 
Figure 7-2. Diagram of the Arlington-Hamline Facility. 
 
 
Construction of the Arlington-Hamline Facility began in August 2006 and was completed by October 
2006.  The total capital cost for the facility was $799,087 which includes the cost of design, 
construction, and bond interest (Table 7-1).  The Arlington-Hamline Facility is owned, operated, and 
maintained by CRWD.   
 
 
Table 7-1. Total capital cost of the Arlington-Hamline Facility. 

 
 
 
 
 

Cost

Design $86,636

Construction $487,488

Bond Interesta $224,963

Capital Cost $799,087
a
Does  not include bond interest 

paid by project partners.
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7.2. Performance Analysis 
 
Since the Arlington-Hamline Facility became operational, no discharge has overflowed from the system.  
All stormwater runoff that entered the pipe gallery was stored and infiltrated.  Infiltration rates of up to 
37 inches per hours were observed within the pipe gallery.     
 
The total volume of stormwater runoff infiltrated by the Arlington-Hamline Facility from 2007 to 2009 
was fairly consistent; on average, approximately 486,800 cf of runoff was infiltrated each year (Figure 
7-3, Table 7-2).  This is significantly lower than the volume of stormwater runoff infiltrated in 2010; on 
average approximately 758,000 cf more stormwater runoff flowed to and was infiltrated in 2010 than in 
previous years.  In 2010, there was a substantial increase in annual precipitation which generated a 
greater amount of stormwater runoff in comparison to previous years.  From 2007 to 2010, on average 
676,400 cf of runoff flowed to and was infiltrated by the BMP each year.   
 
In comparison to the annual projected amount of runoff infiltrated by the Arlington-Hamline Facility 
(which represents the amount of runoff flowing to and infiltrated during an average precipitation year), 
the actual amount of stormwater runoff received and infiltrated, from 2007 through 2009, was less than 
the annual projected amount (Figure 7-3, Table 7-2).  The amount of stormwater which flowed to and 
infiltrated in 2010, was more than double the annual projected amounts.  The quantity of stormwater 
runoff generated by a storm event is largely dictated by the amount of precipitation.  Generally, a larger 
storm event will generate a greater amount stormwater runoff that transported to the BMP.  Annual 
precipitation amounts, from 2007 through 2009, were less than the annual projected precipitation 
amount (26.0 inches).  Annual precipitation in 2010 was significantly higher than the annual projected 
amount. 
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Figure 7-3.  Annual stormwater runoff flowing to and discharging from the Arlington-Hamline Facility from 
2007 to 2010 and for a year with an average precipitation amount (annual projected). 

 
 
There were two types of TP loads determined: 1) the TP load associated with the infiltration of 
stormwater runoff and settlement of suspended particles and 2) the TP load in the gross solids loads 
captured by the pretreatment unit and within the pipe gallery.  The model did not simulate the gross 
solids load captured by the pretreatment unit, the gross solids load which accumulated inside the pipe 
gallery, or the TP load associated with either gross solids load.  Instead, it only simulated results for the 
TP load associated with runoff entering/discharging from the system and the load being removed 
through infiltration of stormwater and settlement of suspended solids.  However, annual cumulative TP 
loads removed by the entire facility (all components of the BMP), from 2007 to 2010, were calculated.   
 
The cumulative TP load for the Arlington-Hamline Facility includes:  1) the TP load removed through 
the infiltration of stormwater and 2) the settlement of suspended solids and the TP loads associated with 
the gross solids captured by both the pretreatment unit and the pipe gallery.   
 
Annual TP loads removed through the infiltration of stormwater runoff from 2007 through 2009 were 
comparable, averaging 14 pounds (lbs) of TP removed each year (Table 7-2).  The TP load removed in 
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2010 was significantly higher; an increase four times greater in comparison to the loads removed in 
previous years.  From 2007 to 2010, on average, approximately 24 lbs of TP was removed each year.  
Annual TP loads removed through infiltration of runoff from 2007 to 2009 were less than the annual 
projected TP load (15.4 lbs).  The TP load removed through infiltration in 2010 was two and one-half 
times that of the annual projected TP load.   
 
Similar to results observed with volume reduction, annual TP loads removed by the BMP through 
infiltration are greatly dependent upon annual precipitation amounts.  With increased precipitation, a 
greater amount of stormwater runoff and pollutant loads flow to the Arlington-Hamline Facility. 
 
From 2007 through 2010, the TP load associated with the gross solids load captured by both the 
pretreatment unit and the pipe gallery accounted for, on average, an additional 20 lbs of TP removal 
each year.  The resulting cumulative TP load removed, from 2007 to 2010, was an average of 44 lbs, 
each year.  The cumulative TP load removed in 2010 was double the amount removed in any other year, 
approximately 72 lbs (Tables 7-2 and 7-3).   
 
When taking into consideration the TP load associated with gross solids, the annual cumulative TP loads 
from 2007 to 2009 are more comparable to the annual projected TP load than those annual TP loads 
attributable to just infiltration of stormwater runoff alone.  The 2010 annual cumulative TP load 
removed was still significantly higher than the annual projected cumulative TP load; more than two 
times as much cumulative TP was removed in 2010 than in the annual projected year.   
 
Figure 7-4 illustrates the amounts of the annual cumulative TP loads removed for the entire Arlington-
Hamline Facility attributable to the infiltration of stormwater and gross solids captured within the 
pretreatment unit and the pipe gallery from 2007 to 2010 and for a year with an average precipitation 
amount (annual projected). 
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Figure 7-4.  Annual cumulative TP loads removed by the Arlington-Hamline Facility from 2007 to 2010 and 

for a year with an average precipitation amount (annual projected). 
 
 
A total solids load was determined which included 1) the gross solids load captured by the pretreatment 
unit and the pipe gallery and 2) the TSS load removed through the infiltration of stormwater runoff and 
settlement of suspended particles.  On average, approximately 38,800 lbs of total solids were removed 
by the Arlington-Hamline Facility, annually, from 2007 to 2010 (Table 7-3).   On average, 25,600 lbs of 
gross solids was captured by the pretreatment unit and pipe gallery each year.    
 
In comparison to the annual projected total solids load removed, the annual total solids loads removed 
by the BMP in 2007 is slightly less than the annual projected load. Also, the annual total solids loads in 
2008 and 2009 were slightly greater than the annual projected load (Table 7-3).  The annual total solids 
load for 2010 was one and one-half times greater than the annual projected total solids load.              
 
Figure 7-5 depicts the amount of annual total solids loads attributable to each component of the BMP 
(the gross solids loads captured by the pretreatment and pipe gallery and the TSS load removed by the 
BMP).  From 2007 to 2009, the gross solids removed by the pretreatment unit accounted for the majority 
of the total solids load; generally gross solids loads captured by the BMP accounted for the second 
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largest majority.  In 2010 there was a noticeable shift from that trend in that the removal of TSS through 
infiltration of stormwater accounted for the majority of the total solids load removed.  Gross solids 
captured within the BMP, was the second largest majority.  This shift in trend may be due to the 
significant increase in precipitation in 2010.  Increased frequency of storm events, higher storm 
intensities, and more frequent high total precipitation events may have generated higher volumes of 
stormwater runoff which overtopped the secondary diversion weir causing runoff and associated debris 
to bypass the pretreatment unit and flow directly into the pipe gallery.    
 
 

Figure 7-5.  Annual total solids loads removed by the Arlington-Hamline Facility from 2007 to 2010 and for 
a year with an average precipitation amount (annual projected). 
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Table 7-2.  Arlington-Hamline Facility annual volume reduction and pollutant removal efficiencies from 
2007 to 2010 and for a year with an average precipitation amount (annual projected). 

 
 
 
  

2007 2008 2009 2010

Annual 

Projectedª

Annual Precipitation (in) 25.0 21.7 22.3 36.3 26.0

Subwatershed Area (ac) 50 50 50 50 50

Inflow Volume (cf) 526,248 458,600 475,675 1,245,032 566,149

Outflow Volume (cf) 0 0 0 0 0

Volume Removed by BMP (cf) 526,248 458,600 475,675 1,245,032 566,149

Volume Removal Efficiency (%) 100% 100% 100% 100% 100%

Inflow TP Load (lbs) 15.0 13.0 14.2 54.9 15.4

Outflow TP Load (lbs) 0.0 0.0 0.0 0.0 0.0

TP Load Removed by BMP (lbs) 15.0 13.0 14.2 54.9 15.4

TP Removal Efficiency (%) 100% 100% 100% 100% 100%

Inflow TSS Load (lbs) 6,608 5,669 6,625 33,851 6,470

Outflow TSS Load (lbs) 0 0 0 0 0

TSS Load Removed by BMP (lbs) 6,608 5,669 6,625 33,851 6,470

TSS Removal Efficiency (%) 100% 100% 100% 100% 100%
a
 Annual  projected results  derived using the 1995 water year.

VOLUME REMOVAL EFFICIENCY

TP REMOVAL EFFICIENCY

TSS REMOVAL EFFICIENCY
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Table 7-3.  Arlington-Hamline Facility annual cumulative TP and total solids load reductions from 2007 to 2010 and for a year with an 
average precipitation amount (annual projected). 

 
 
 
   

2007 2008 2009 2010

Annual 

Projected

Annual Precipitation (in) 25.0 21.7 22.3 36.3 26.0

Subwatershed Area (ac) 50 50 50 50 50

Total Volume Removed by BMP (cf) 526,248 458,600 475,675 1,245,032 566,149

TP Load Removed by BMP (lbs) 15.0 13.0 14.2 54.9 15.4

TP Load in Gross Solids Load Removed by Pretreatment Unit (lbs) 9.6 11.9 13.7 4.5 9.9

TP Load in Gross Solids Load Removed by BMP (lbs) 9.8 8.6 8.6 13.8 10.2

Cumulative TP Load Removed: BMP + Pretreatment (lbs) 34.4 33.4 36.4 73.2 35.5

TSS Load Removed by BMP (lbs) 6,608 5,669 6,625 33,851 6,470

Gross Solids Load Removed by Pretreatment Unit (lbs) 16,880 20,869 24,074 7,835 17,415

Gross Solids Load Removed by BMP (lbs) 7,859 6,876 6,876 11,133 8,186

Total Solids Load Removed: BMP + Pretreatment (lbs) 31,347 33,414 37,575 52,819 32,071

VOLUME REMOVED

CUMULATIVE TP LOAD REMOVED

TOTAL SOLIDS LOAD REMOVED  
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7.3 Operation and Maintenance 
 
In consideration of its size, the Arlington-Hamline Facility has been a fairly low maintenance BMP 
during regular maintenance years; requiring on average 12 hours of staff time and $1,600 annually.  The 
primary O & M costs CRWD has incurred since the BMP became operational have been associated with 
labor and contract services costs.   
 
Labor costs are attributable to staff time spent conducting routine field inspections of debris and 
sediment accumulation within the pipe gallery and pretreatment unit.  The majority of the annual O & M 
cost is due to contract services which includes the removal of debris and sediment from within the 
pretreatment unit.  In years that debris removal occurred (2008 to 2010), those services accounted for an 
average of 88% of the total annual O & M cost.  Annual O & M costs and staff hours are listed in Table 
7-4.   
 
 
Table 7-4.  Annual O & M costs and labor hours from 2007 to 2010 for the Arlington-Hamline Facility.  

 
 
 
Table 7-5 illustrates the current inspection and maintenance schedule for the Arlington-Hamline 
Facility.  This schedule is expected to remain the same in the immediate future.  Inspections were 
conducted by CRWD semi-annually (once in the spring and once in the fall) of the second inlet 
diversion structure, the pretreatment chamber, the pipe gallery, and the outlet structure.  The overall 
conditions of the structures were noted as well as the composition and depth of any debris which may 
have accumulated in each structure.  A contractor was hired to remove the debris and sediment from the 
pretreatment unit semi-annually.   
 
 
Table 7-5.  Inspection and maintenance schedule for the Arlington-Hamline Facility. 
 
Activity            Frequency 
Manhole Sediment Inspection      Semi‐Annual 
Pipe Gallery Inspection        Semi‐Annual 
Pretreatment Unit Sediment Inspection    Semi‐Annual 
Debris Removal from the Pretreatment Unit   Semi‐Annual 
 
 
In future years, staff hours spent on inspections and maintenance is not expected to substantially deviate 
from the average.  The cost associated with debris removal from the pretreatment unit is expected to 

Year Labor
Equipment 

& Materials

Contract 

Services
Total

Labor 

Hours

2007 $267 $264 $0 $531 12.8

2008 $296 $0 $1,729 $2,025 13.9

2009 $211 $0 $1,729 $1,940 13.0

2010 $168 $0 $1,728 $1,896 10.0
 Total: $942 $264 $5,185 $6,392 49.7
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increase due to the cost of inflation, as well as the potential change in costs (increase or decrease) 
associated with a change in the vendor providing the service. 
 
The Arlington-Hamline Facility is a relatively new type of stormwater BMP; consequently, long term 
maintenance data is not available.  It is expected that some amount of irregular maintenance and costs 
will be incurred over the life expectancy of the BMP.  Removing the accumulated debris and sediment 
within the pipe gallery is an example of a future activity necessary to keep the BMP functioning.   
 
CRWD estimates that removal of the debris from within the pipe gallery will need to occur three times 
over the life expectancy of the BMP (35 years), with an estimated cost of $10,000 per time. The total 
cost of the estimated three debris removals was amortized over the life expectancy of the BMP and 
incorporated into the annual projected O & M costs in Table 7-6.  The cost was amortized in order to 
keep annual O & M costs comparable.  CRWD acknowledges and fully expects that the annual O & M 
cost for those years in which irregular maintenance activities occur will be substantially higher than the 
O & M costs from those regular maintenance years.             
 
Itemized annual O & M activities and costs for 2009 and 2010 for the Arlington-Hamline Facility may 
be found in Appendix A: Tables A-34 and A-35.      
 
 

7.4 Cost-Benefit Analysis  
 
From 2007 to 2010, the Arlington-Hamline Facility has had a very consistent annual operating cost 
averaging approximately $26,000 per year (Table 7-6).  The annual operating cost is directly related to 
increases or decreases in the annual O & M cost; the annual capital cost is a fixed value.   
 
The 2007 annual operating cost was lower than any other year (Table 7-6).  In 2007, the debris was not 
removed from the pretreatment unit which occurred twice a year in 2008, 2009, and 2010.  The annual 
projected operating cost for the Arlington-Hamline Facility is slightly higher than the 2007 through 2010 
annual operating costs.  The projected operating cost is an estimated future annual operating cost based 
on a year with average precipitation and maintenance.  The projected operating cost incorporates costs 
for those irregular maintenance activities described above, therefore the cost should be higher.           
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Table 7-6.  Arlington-Hamline Facility annual operating costs.     

 
 
 
In 2010, there was a significant increase in annual precipitation in comparison to annual precipitation 
amounts observed in 2007, 2008, and 2009.  Thus, total discharge and pollutant loads removed by the 
Arlington-Hamline Facility in 2010 were substantially greater than the volume reduction and pollutant 
loads removed by the BMP from 2007 through 2009.  Consequently, volume reduction and pollutant 
removal costs in 2010 were lower than any other year (Table 7-7).  The 2010 volume reduction and 
pollutant removal costs are also substantially lower than the annual projected removal costs which 
represent removal costs during an average precipitation year.  Removal costs for 2007 through 2009 are 
fairly consistent with annual projected volume reduction and pollutant removal costs, more so than the 
2010 costs.            
 
The cumulative TP load removed includes the amount of TP removed by the BMP through infiltration of 
stormwater runoff and settlement of suspended particles and the amount of TP removed through gross 
solids accumulation within the pretreatment unit and the pipe gallery.  The TP removal cost tends to be 
significantly higher than the other pollutant removal costs (TSS and total solids) because the amount of 
TSS and gross solids removed is often three orders of magnitude higher than the amount of TP removed.  
The average cost to remove a pound of TP was $591.   
 
Total solids include the amount of TSS removed through the infiltration of stormwater and settlement of 
suspended particles and the amount of gross solids captured by the pretreatment unit and the pipe 
gallery.  Total solids removal costs should be lower than TSS removal costs alone.  The average removal 
cost per pound of TSS was $1.99 and the average removal cost per pound of total solids was $0.70 
(Table 7-7).   
 
Volume reduction costs from 2007 to 2009 were comparable and more consistent with the annual 
projected cost than the 2010 cost (Table 7-7).  The 2010 volume reduction cost was two to three times 
less than those costs from 2007 to 2009.  On average, the cost to remove one cubic foot of stormwater 
runoff was $0.05.         
 
 
 
 
 
 

2007 $24,605 $531 $25,136

2008 $24,605 $2,025 $26,630

2009 $24,605 $1,940 $26,545

2010 $24,605 $1,896 $26,502

Annual Projected $24,605 $3,150 $27,755
a 
Capital  cost amortized over 35 years.

Annual        

O & M Cost

Annual     

Capital Costa
Annual 

Operating Cost
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Table 7-7.  Arlington-Hamline Facility annual volume reduction and pollutant removal and costs.     

 
  
 
 
 
 

2007 2008 2009 2010

Annual Operating Cost $25,136 $26,630 $26,545 $26,502 $27,755

Volume Reduction (cf/year) 526,248 458,600 475,675 1,245,032 566,149

Volume Reduction Cost ($/cf) $0.05 $0.06 $0.06 $0.02 $0.05

Cumulative TP Load Removed (lbs/year)a 34.4 33.4 36.4 73.2 35.5

Cumulative TP Removal Cost ($/lb) $732 $797 $729 $362 $782

TSS Load Removed (lbs/year) 6,608 5,669 6,625 33,851 6,470

TSS Removal Cost ($/lb) $3.80 $4.70 $4.01 $0.78 $4.29

Total Solids Load Removed (lbs/year)b 31,347 33,414 37,575 52,819 32,071

Total Solids Removal Cost ($/lb) $0.80 $0.80 $0.71 $0.50 $0.87

b 
Includes  the TSS load removed through infiltration of stromwater and settlement of suspended particles  as  well  as  the gross  

solids  load captured by the BMP.  

Annual 

Projected

a Includes  the TP load removed through infiltration of stormwater runoff and settlement of suspended particles and the TP load 

associated with the gross  solids  load captured by the BMP.
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8. Como Park Regional Pond  
 
 

8.1. Background 
 
The Como Park Regional Pond is a regional stormwater pond that was constructed on the Como Golf 
Course in St. Paul, between the 3rd and 11th fairways, in 2007 (Figure 2-3, Figures 8-1 and 8-2).  
Construction of the pond involved re-grading an existing depression to allow for the storage and 
treatment of runoff via a multi-stage gravity outlet.     
 
The Como Park Regional Pond has a direct drainage area of 128 acres, of which, 39% is covered by 
impervious surfaces.  The pond also receives runoff from the City of Roseville (522 acres) via 
discharges from Gottfried’s Pit (Figure 2-4, Figure 3-1).  Gottfried’s Pit is a stormwater basin which has 
an automatic pumping system.  When the water level in Gottfried’s Pit reaches an elevation greater than 
897 feet, typically achieved during storm events, water is automatically pumped out and drains to the 
Como Park Regional Pond.   
 
Stormwater inflow from both Gottfried’s Pit and the direct drainage area is diverted to the Como Park 
Regional Pond by a 3.4 feet tall, concrete weir located in a diversion structure at the corner of Chelsea 
Street and Arlington Avenue.  Flow into the pond is regulated by a 42-inch sluice gate in the diversion 
structure.  If the water level inside of the diversion structure exceeds 3.4 feet, it flows over a concrete 
weir bypassing the pond and into a 60-inch storm sewer that drains to Como Lake.   
 
Water flows out of the pond through an 8-inch PVC drain pipe in the outlet structure when the water 
level of the pond exceeds an elevation of 888.8 feet.  If the water level of the pond exceeds an elevation 
of 891.8 feet, the discharge flows over a notch which serves as a secondary overflow in the outlet 
structure.  If the water level exceeds 893.2 feet, the discharge then also flows into an emergency 
overflow (grate at the top of the outlet structure).  Flow can be regulated through opening or closing a 
gate valve in the outlet structure.  All discharge eventually flows into a 60-inch storm sewer that drains 
to Como Lake.  A detailed schematic of the Como Park Regional Pond as-built may be found in 
Appendix B: Figure B-2. 
 
Construction of the Como Park Regional Pond began in March 2007 and was completed in November 
2007.  The pond became operational in late December 2007.  The total capital cost for the pond was 
$1,364,346 which includes the cost of design, construction, and bond interest (Table 8-1).  The Como 
Park Pond is owned by the City of St. Paul.  CRWD is ultimately responsible for the overall operation 
and maintenance of the pond, but receives assistance from the City of St. Paul Parks and Recreation 
Department with general maintenance.                 
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Table 8-1.  Total capital cost of the Como Park Regional Pond. 

 
 
 

 
Figure 8-1.  Normal water level of the Como Park Regional Pond in September 2009. 
 
 

 
Figure 8-2.  The Como Park Regional Pond after a rainfall in August 2010. 
 
  

Cost

Design $147,926

Construction $832,357

Bond Interesta $384,063

Capital Cost $1,364,346
a
Does  not include bond interest 

paid by project partners.
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8.2. Performance Analysis 
 
The Como Park Regional Pond is a stormwater storage system that was designed to provide short-term 
storage of stormwater runoff, allowing time for suspended sediments to settle out of the water column, 
rather than through infiltration.  On average, the pond received 10.6 million cf of stormwater runoff and 
infiltrated 7% (735,000 cf), annually, from 2008 to 2010 (Table 8-2).  However, as sedimentation 
continues, infiltration rates are expected to gradually decrease over time until sediment is removed from 
the pond.  A small amount of infiltration would likely occur at the fringes of the pond.  
  
Annual precipitation in 2008 and 2009 was fairly comparable and stormwater runoff flowing to the 
Como Park Pond averaged 7.65 million cf (Figure 8-3, Table 8-2).  Annual precipitation in 2010 was 
substantially more than the amounts in 2008 and 2009.  In 2010, stormwater runoff flowing to the pond 
was more than double that of previous years at 16.3 million cf.  Although there was more runoff flowing 
to the pond in 2010, the total volume infiltrated was the lowest; only 5% of runoff to the pond was 
infiltrated in comparison to 9% in 2008 and 10% in 2009.     
 
In a year with an average precipitation amount (annual projected), approximately 9.7 million cf of 
stormwater runoff is expected to flow to the pond, with 9% of that runoff being lost through infiltration 
and evapotranspiration.  Stormwater runoff flowing to the pond in 2008 and 2009 are lower than the 
annual projected amount (Table 8-2).  Although the annual amounts of runoff flowing to the pond in 
2008 and 2009 were less than the annual projected amount, the portion of that flow which was infiltrated 
was the same (2008) or higher (2009) than the annual projected amount.  Runoff flowing to the pond in 
2010 was significantly higher than that annual projected amount; more than one and one-half times more 
runoff flowed to the pond in 2010 than in the annual projected year.  However, the volume reduction 
efficiency of the pond in 2010 (5%) was lower than the annual projected volume reduction efficiency 
(9%).        
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Figure 8-3.  Annual stormwater runoff flowing to and discharging from the Como Park Regional Pond 
from 2007 to 2010 and for a year with an average precipitation amount (annual projected). 

 
 
From 2008 to 2010, the pond has more efficiently removed TSS than TP (Note: load reductions in this 
immediate discussion, refers to the loads removed through the infiltration and settlement of suspended 
solids).  On average, 73% of the TSS load was removed each year in comparison to only 30% of the TP 
load (Table 8-2).   
 
From 2008 to 2010, the pond’s efficiency at removing TSS has decreased each year; falling from 82% in 
2008 to 69% in 2010 (Table 8-2).  Annual TSS loads flowing to and from the pond in 2008 and 2009 
were consistent with the annual projected loads.  In addition, the TSS removal efficiencies for those two 
years are also comparable to the annual projected TSS removal efficiency.   
 
The 2010, TSS loads were significantly higher than the annual projected loads; TSS loads flowing to 
and from the pond in 2010 were more than three and one-half times and five and one-half times greater 
than the annual projected loads flowing to and from the pond, respectively (Table 8-2).  Although the 
pond removed more than three times the TSS load in 2010 than in the annual projected year, the removal 
efficiency was significantly less; 69% in 2010 and 80% in the annual projected year. 
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Variations in annual precipitation amounts equate to variations in the amount of stormwater runoff and 
associated pollutant loading.  Greater amounts of precipitation generally tend to generate greater 
amounts of stormwater runoff and associated pollutant loads flowing to the pond than in those years 
with less precipitation.  However, greater amounts of runoff and pollutant loads flowing to the pond do 
not necessarily equate to greater volume and pollutant load reductions.   
 
The decrease in TSS removal efficiencies may be caused in part by sedimentation of the pond, which 
decreases the amount of storage volume available.  However, it is most likely due to shorter residence 
times for stormwater runoff which may be caused by one or a combination of more frequent storm 
events, storm events with more precipitation and/or higher intensities, and saturated soil moisture 
conditions.  It should be noted that pumping capabilities of Gottfried’s Pit (which pumps water to the 
Como Park Pond) were upgraded in late 2010, allowing for more stormwater to be pumped at a higher 
rate.  This additional flow may also have contributed to shorter holding times in the pond.     
 
Annual TP removal efficiencies from 2008 to 2010 were higher (30%) than the annual projected TP 
removal efficiency (28%) (Table 8-2).  Although the 2008 through 2010 TP removal efficiencies were 
slightly higher than the annual projected efficiency, the amount of annual TP loads (flowing into and 
being removed by the pond) in 2008 and 2009 were less than the annual projected load.  The 2010 TP 
loads flowing into and being removed by the pond were significantly higher.   The annual projected TP 
load flowing to and being removed by the pond was 133 lbs and 96 lbs, respectively (Table 8-2).   
 
Although the volume of stormwater runoff and pollutant loads flowing to and from the pond has varied 
annually from 2008 to 2010, the TP removal efficiency of the pond has remained constant at 30%.  In 
2010 there was almost three times as much TP load flowing to the pond than in 2008 or 2009.  Although 
there was three times as much TP load, only 30% of that load was removed.  Regardless of the amount 
of stormwater runoff which flowed to the pond from 2008 to 2010, the pond’s mechanism for TP 
removal (settling of suspended particles) reached a maximum (30%) each year.   
 
An annual cumulative TP load was calculated which includes 1) the TP load removed by the infiltration 
of stormwater and settlement of suspended solids and 2) the TP load removed by the BMP through 
accumulation of gross solids (all litter, organic debris, and coarse sediments (>75 µm).  On average, an 
additional 58 lbs of TP was removed, annually, through accumulation of gross solids; which in 2008 and 
2009 accounted for the majority of the annual cumulative TP load removed by the pond (Figure 8-4, 
Table 8-3).  In 2010, the TP load removed through infiltration accounted for the majority and may be 
due to less gross solids accumulation caused by shorter holding times.  From 2008 to 2010, on average 
110 lbs of cumulative TP was removed by the pond each year.   
 
In comparison to the annual projected cumulative TP load, annual cumulative TP loads removed from 
2008 through 2010 all exceeded the annual projected cumulative TP load.  The 2008 and 2009 annual 
TP loads removed through the accumulation of gross solids both exceeded the annual projected TP load 
associated with gross solids and the 2010 annual TP load was less (Table 8-3).           
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Figure 8-4.  Annual cumulative TP loads removed by the Como Park Regional Pond from 2007 to 2010 and 
for a year with an average precipitation amount (annual projected). 

 
 
A total solids load was also calculated which incorporates:  1) the total TSS load removed through 
infiltration and settlement of suspended particles and 2) the amount of gross solids which accumulated 
in the pond.  From 2008 through 2010, an average of 145,000 lbs of gross solids accumulated in the 
pond annually (Figure 8-5, Table 8-3).  Combined with the TSS load removed, the total solids load 
removed by the pond averaged 189,000 lbs annually.  In 2008 and 2009, accumulation of gross solids 
accounted for the majority of the total solids load.  From 2008 through 2010 the annual total solids loads 
removed by the pond all exceeded the annual projected total solids load.               
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Figure 8-5.  Annual total solids loads removed by the Como Park Regional Pond from 2007 to 2010 and for 
a year with an average precipitation amount (annual projected). 
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Table 8-2.  Como Park Regional Pond annual volume reduction and pollutant removal efficiencies from 
2007 to 2010 and for a year with an average precipitation amount (annual projected). 

 
 
 
Table 8-3.  Como Park Regional Pond annual cumulative TP and total solids load reductions from 2007 to 

2010 and for a year with an average precipitation amount (annual projected). 

 
 

2008 2009 2010

Annual 

Projectedª

Annual Precipitation (in) 21.7 22.3 36.3 26.0

Subwatershed Area (ac) 128 128 128 128

VOLUME REMOVAL EFFICIENCY 
Inflow Volume (cf) 7,711,819 7,598,694 16,327,464 9,690,663

Outflow Volume (cf) 6,992,905 6,851,204 15,589,471 8,814,322

Volume Removed by BMP (cf) 718,914 747,490 737,994 876,341

Volume Removal Efficiency (%) 9% 10% 5% 9%

TP REMOVAL EFFICIENCY
Inflow TP Load (lbs) 108.6 109.8 302.2 133.5

Outflow TP Load (lbs) 76.4 76.8 212.5 96.1

TP Load Removed by BMP (lbs)  32.3 33.0 89.7 37.4

TP Removal Efficiency (%) 30% 30% 30% 28%

TSS REMOVAL EFFICIENCY
Inflow TSS Load (lbs) 28,581 29,845 124,242 32,782

Outflow TSS Load (lbs) 5,079 6,221 38,513 6,609

TSS Load Removed by BMP (lbs) 23,502 23,624 85,729 26,173

TSS Removal Efficiency (%) 82% 79% 69% 80%
a
 Annual  projected results  derived using the 1995 water year.

2008 2009 2010

Annual 

Projected

Annual Precipitation (in) 21.7 22.3 36.3 26.0

Subwatershed Area (ac) 128 128 128 128

VOLUME REMOVED
Total Volume Removed by BMP (cf) 718,914 747,490 737,994 876,341

TP Load Removed by BMP (lbs) 32.3 33.0 89.7 37.4

TP Load in Gross Solids Load Removed by BMP (lbs) 58.6 72.3 43.7 53.0

Cumulative TP Load Removed: BMP (lbs) 90.9 105.3 133.4 90.4

TOTAL SOLIDS LOAD REMOVED  
TSS Load Removed by BMP (lbs) 23,502 23,624 85,729 26,173

Gross Solids Load Removed by BMP (lbs) 145,791 180,003 108,717 131,780

Total Solids Load Removed: BMP (lbs) 169,293 203,627 194,446 157,953

CUMULATIVE TP LOAD REMOVED
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8.3. Operation and Maintenance 
 
CRWD is responsible for the O & M of the Como Park Regional Pond.  However, due to the pond’s 
location between fairways on the Como Park Golf Course (which is operated by the City of St. Paul), 
City of St. Paul Parks and Recreation staff frequently completed maintenance, including trash removal 
from the pond’s perimeter, inlet, and outlet and provided updates to CRWD on the performance of the 
pond.  Their time is reflected in staff hours and labor costs in Table 8-4.    
 
 
Table 8-4.  Annual O & M costs and labor hours for the Como Park Regional Pond. 
 

 
 
 
With the exception of a one-time cost to develop an inspection and maintenance manual for the pond 
($5,544 in 2008), annual O & M costs have almost all been attributed to labor costs for inspections and 
maintenance.  Labor costs and staff time has been fairly consistent from 2008 to 2010.  The 2010 staff 
hours and labors costs were slightly higher than 2008 and 2009 because there were more storm events 
which required additional debris cleanup along the pond perimeter.   
 
As indicated above, CRWD receives assistance from the City of St. Paul staff for maintenance or the 
pond.   CRWD also conducts post-rain inspections, general inspections, and maintenance of the inlet and 
outlet control structures.  Table 8-5 illustrates the current inspection and maintenance schedule for the 
pond.  It is expected that in the immediate future this inspection and maintenance schedule will not 
substantially change and that debris removal following storm events will vary year-to-year depending on 
the amount of precipitation.  
 
 
Table 8-5.  Inspection and maintenance schedule for the Como Park Regional Pond. 
 
Activity                Frequency 
Debris Removal from Pond Perimeter and Control Structures After Every Storm Event 
Post-Rain Inspection       After Major Rainfall 
General Inspection       Quarterly 
Maintenance of Inlet and Outlet Control Structures   Semi-Annual 
 
 
Post-rain inspections are visual site evaluations completed after major rainfall events (those storm events 
totaling two inches or more of precipitation).  The pond perimeter is inspected for erosion, bank failures, 

Year Labor
Equipment & 

Materials

Contract 

Services
Total

Labor 

Hoursa

2008 $983 $31 $5,544 $6,558 77.8

2009 $915 $0 $0 $915 75.2

2010 $1,152 $0 $0 $1,152 94.1

 Total: $3,051 $31 $5,544 $8,625 247.1
a  
Includes  both CRWD and City of Saint Paul  staff hours.  
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and any other notable anomalies.  The pond inlet, outlet, and overflow structures are also inspected for 
damage and overall structure condition in observed.  General inspections are identical to post-rain 
inspections with the only difference being that general inspections are completed on a quarterly basis 
during dry weather periods.   
 
Maintenance of control structures at the inlet and outlet of the pond was also completed on a semi-
annual basis.  The sluice gate at the inlet diversion structure and the gate valve in the outlet structure, 
both of which control flow in and out of the pond, were maintained.  The sluice gate tracks were cleaned 
of debris and old grease, new grease was applied to the sluice gate tracks, and the sluice gate was 
lowered and raised several times.  Grease was also applied to the control structure at the outlet of the 
pond if necessary and was closed and opened several times.               
 
It is expected that some amount of irregular maintenance and costs will be incurred over the life 
expectancy of the pond including completion of bathymetric surveys, sediment dredging, muskrat 
control improvements, and riparian buffer establishment.  The total cost of irregular maintenance 
activities was estimated, amortized over the life expectancy of the BMP (to keep annual O & M costs 
comparable), and incorporated into the annual projected O & M costs in Table 8-6 .  The estimated costs 
or the irregular maintenance activities are outlined below.   
 
In accordance with the inspection and maintenance manual completed for the pond, CRWD will be 
completing bathymetric surveys every five year to monitor the sedimentation rates.  CRWD estimates 
that it will cost roughly $10,000 to complete a bathymetric survey and analyze the data.  A total of seven 
surveys will be conducted over the lifetime of the BMP, resulting in a total cost of $70,000. 
 
It is estimated that dredging of sediment near the inlet of the stormwater pond will need to occur twice 
over the 35-year life expectancy (approximately once every 15 years). CRWD estimates that it will cost 
a total of $100,000 ($50,000 per dredge).   
 
A barrier was installed along the pond perimeter, during the pond’s construction, to prevent muskrats 
from burrowing into the bank (see Como Park Regional Pond As-Builts for more detail, Appendix B: 
Figure B-2).  During the winter of 2010, this control practice became dislodged from the bank.  It was 
deemed essential to restore the control and install a shoreline buffer to prevent the barrier from 
becoming displaced in the future.  CRWD expects that the installation of the barrier and buffer to occur 
one-time over the life expectancy of the BMP at an estimated cost of $15,000.   
     
Itemized annual O & M activities and costs for 2009 and 2010 for the Como Park Regional Pond may be 
found in Appendix A: Tables A-36 and A-37.      
 
 

8.4. Cost-Benefit Analysis 
 
From 2008 to 2010, the annual operating cost of the Como Park Regional Pond averaged $41,856 each 
year (Table 8-6).  This is slightly more than the annual projected operating cost which is an anticipated 
annual operating cost which also incorporates costs for those large scale maintenance activities 



Chapter 8.  Como Park Regional Pond Page 96 
 

described above.  The annual operating cost is directly related to increases or decreases in annual O & M 
costs.  The annual capital cost is a fixed value. 
 
 
Table 8-6.  Como Park Regional Pond annual operating costs.    

  
 
 
The TP removal cost for the Como Park Pond averaged $381 per pound (Table 8-7).  This includes the 
TP load removed through infiltration of stormwater and settlement of suspended particles and the TP 
load removed through the accumulation of gross solids.  The lowest TP removal cost was in 2010; which 
had a relatively low annual operating cost and the largest TP load removed.    
 
TSS removal costs for the pond were low, averaging $0.95 per pound (Table 8-7).  When incorporating 
the annual gross solids loads also removed by the pond, the removal costs dropped significantly (over 
four times less); averaging $0.22 per pound of total solids per year.         
 
Significant variations were not observed in the volume reduction costs from 2008 to 2010 (Table 8-7).  
The volume of stormwater runoff removed each year was fairly comparable as well as no substantial 
differences in annual operating costs.  Volume reduction costs averaged just $0.06 per cubic foot.   
 
The highest pollutant removal and volume reduction costs occurred in 2008 which can be attributed to 
the highest annual operating costs, the lowest amount of pollutants removed, and the lowest volume 
infiltrated from 2008 through 2010 (Table 8-7).  Generally, 2010 had the lowest pollutant removal and 
volume reduction costs except for total solids.  The lowest annual operating costs occurred in 2009 
because the largest amounts of total solids were removed, resulting in the lowest total solids removal 
cost. 
 
The annual projected volume reduction and pollutant removal costs are representative of a year with an 
average amount of precipitation and also incorporated the costs for irregular maintenance activities.  The 
higher projected annual operating costs drives higher annual projected volume reduction and pollutant 
removal costs.   
            
 
 
  

2008 $38,981 $6,558 $45,539

2009 $38,981 $915 $39,897

2010 $38,981 $1,152 $40,134

Annual Projected $38,981 $6,550 $45,531
a 
Capital  cost amortized over 35 years.

Annual        

O & M Cost

Annual     

Capital Costa
Annual 

Operating Cost
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Table 8-7.  Como Park Regional Pond annual volume reduction and pollutant removal costs. 

 

2008 2009 2010

Annual Operating Cost $45,539 $39,897 $40,134 $45,531

Volume Reduction (cf/year) 718,914 747,490 737,994 876,341

Volume Reduction Cost ($/cf) $0.06 $0.05 $0.05 $0.05

Cumulative TP Load Removed (lbs/year)a 90.9 105.3 133.4 90.4

Cumulative TP Removal Cost ($/lb) $501 $379 $301 $504

TSS Load Removed (lbs/year) 23,502 23,624 85,729 26,173

TSS Removal Cost ($/lb) $1.94 $1.69 $0.47 $1.74

Total Solids Load Removed (lbs/year)b 169,293 203,627 194,446 157,953

Total Solids Removal Cost ($/lb) $0.27 $0.20 $0.21 $0.29

b 
Includes  the TSS load removed through infi ltration of stromwater and settlement of suspended particles  as  well  

as  the gross  solids  load captured by the BMP.  

Annual 

Projected

a
 Includes  the TP load removed through infi ltration of stormwater runoff and settlement of suspended particles  

and the TP load associated with the gross  solids  load captured by the BMP.
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9. Underground Infiltration Trenches  
 
 

9.1. Background 
 
Eight underground infiltration trenches were constructed 
beneath the roadbed of Arlington and Nebraska Avenues 
in 2006 (Figure 3-1).  This was the first time in St. Paul 
that an infiltration BMP was implemented beneath the 
city’s streets.  The trenches have a combined drainage 
area of approximately 23 acres; of which 39% is covered 
by impervious surfaces (Figure 2-3, Table 9-1, and Table 
9-2).   
 
Each trench is comprised of two 10-inch, perforated pipes 
(with an approximate one-foot offset in elevation) which 
run parallel to each other, in an aggregate backfill (Figure 
9-1).  The trenches total 3,220 feet in length and have a 
combined storage volume of 37,352 cubic feet.  The 
trenches provide stormwater rate and volume control as 
well as water quality benefits.              
 
Runoff enters the trenches through sumped catch basins which connect to one or both ends of each 
trench and serve as pretreatment devices.  There are a total of 30 catch basins connected to the eight 
trenches and all have standard dimensions of two by three feet.  Sump depth of the catch basins varies; 
however, all catch basins have a minimum two foot sump.  The minimum storage volume of a sumped 
catch basin is twelve cubic feet.  The outlet leaving each catch basin is equipped with a steel hood which 
minimizes the amount of trash and debris entering the trenches.   
 
Flow from the catch basins is directed into sumped manholes (16 in total) which are connected to both 
ends of an infiltration trench.  The diameter of the manholes varies, from four to six feet, and the 
manholes have a minimum sump depth of two and one-half feet.  The sumped manholes provide 
additional pretreatment of stormwater runoff before flowing into the perforated pipes.  The perforations 
of the two pipes are situated above the invert of the pipe to allow for fine sediment to settle and prevent 
it from entering the aggregate backfill.  The runoff then enters the aggregate backfill through the 
perforations in the pipe and is infiltrated into the ground.   
 
Once runoff volume in the trenches reaches capacity, the stormwater flows through an overflow pipe 
which discharges into the main storm sewer system.  Overflow from the four Nebraska Avenue trenches 
flows into the Como Park Regional Pond, and overflow from the four Arlington Avenue trenches flows 
into the Arlington-Hamline Facility where it is treated again.  Stormwater runoff flow from both the 
Como Park Regional Pond and the Arlington-Hamline Facility ultimately flows to Como Lake.  As-
builts of the underground infiltration trenches may be found in Appendix B: Figure B-3.             
 

Figure 9-1.  Construction of an infiltration 
trench. 
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Construction of the trenches began in May 2006 and was completed in November 2006.  All eight 
trenches became operational in June 2007.  The total capital cost for the infiltration trenches was 
$400,060 (Table 9-3).  The total cost includes the cost of design and construction and bond interest paid 
by CRWD.  The infiltration trenches are owned, operated, and maintained by CRWD.   
 
 
Table 9-1.  Drainage area and storage volume of the infiltration trenches.     

 
 
 
Table 9-2.  Drainage areas and impervious surface characteristics for the infiltration trenches.  

 
 
 
  

Drainage Area 

(acres)

Storage Area    

(ft²)

Storage Volume 

(cf)

Trench 1 0.74 1,507 1,871

Trench 2 0.84 2,169 2,783

Trench 3 3.21 5,066 8,252

Trench 4 5.29 4,883 8,085

Trench 5 1.28 1,725 2,410

Trench 6 2.60 2,209 3,246

Trench 7 1.63 1,982 2,713

Trench 8 7.08 4,870 7,992

Total: 22.67 24,411 37,352

Drainage Area 

(acres)

Acres 

Impervious

Percent 

Impervious

Trench 1 0.74 0.35 47%

Trench 2 0.84 0.41 49%

Trench 3 3.21 1.15 36%

Trench 4 5.29 1.97 37%

Trench 5 1.28 0.51 40%

Trench 6 2.60 1.05 40%

Trench 7 1.63 0.72 44%

Trench 8 7.08 2.77 39%

Total: 22.67 8.93 39%
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Table 9-3.  Total capital cost of the infiltration trenches. 

  
 
 

9.2. Performance Analysis 
 
The infiltration trenches did not become operational until June 2007.  The performance results represent 
annual volumes and pollutant loads, from 2007 to 2010, to allow for year-to-year comparisons.  It 
should be noted that in the immediate discussion references to TP are in regards to the TP load 
associated stormwater runoff flowing to and from the infiltration trenches, as well as the TP load 
removed through infiltration of runoff and settlement of suspended particles.    
   
From 2007 to 2009, almost all infiltration trenches were 100% efficient at infiltrating stormwater runoff 
and removing TP and TSS (Table 9-4, Appendix A: Tables A-14, A-16, and A-18).  In 2007, Trench 6 
and Trench 8 had a small amount of runoff which overflowed; however, the efficiencies were still high 
(between 96% and 100%).   
 
From 2007 to 2009, the total annual volumes of stormwater runoff which flowed to the trenches were 
fairly comparable (Figure 9-2, Table 9-4).  On average, approximately 298,000 cf flowed to the trenches 
annually.  In 2010, the annual volume of runoff which flowed to the trenches was substantially higher; 
more than double that of any other year.  Although the volume of runoff flowing to the trenches was 
more than doubled that of any other year, all trenches were less efficient at infiltrating stormwater runoff 
and removing pollutants.  Roughly 23% of the total flow to the trenches in 2010, overflowed along with 
25% of the TP load and 18% of the TSS load.   
 
Total annual flows to the trenches, in 2008 through 2009, were all less than the annual projected amount 
(Figure 9-2, Table 9-4).  Although annual flow to the trenches in 2010 was substantially higher than the 
annual projected amount, there is no annual projected runoff flowing from the trenches.  Thus, the 
annual projected volume reduction efficiency is 100%.  The volume reduction efficiency in 2010 was 
much lower (77%). 
 
Trends observed in TSS loads (inflow and outflow TSS loads and TSS loads removed) for all trenches 
mimic those trends observed with annual TP loads (Table 9-4).  Annual TSS loads flowing to the 

Design Construction Bond Interesta Total Cost

Trench 1 $2,400 $11,998 $5,642 $20,039

Trench 2 $3,569 $17,846 $8,392 $29,807

Trench 3 $10,583 $52,916 $24,884 $88,383

Trench 4 $10,369 $51,845 $24,380 $86,595

Trench 5 $3,091 $15,454 $7,267 $25,812

Trench 6 $4,163 $20,815 $9,788 $34,766

Trench 7 $3,479 $17,397 $8,181 $29,058

Trench 8 $10,250 $51,249 $24,100 $85,599

Total: $47,904 $239,521 $112,635 $400,060
a
Does  not include bond interest paid by project partners.
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trenches, from 2007 to 2009, were somewhat comparable; averaging 3,200 lbs each year.  Annual TSS 
loads flowing to and being removed by the infiltration trenches from 2007 to 2009, were comparable to 
annual projected loads.  In addition, the TSS removal efficiencies from 2007 to 2009 (99% to 100%) 
were comparable to the annual projected TSS removal efficiency for all infiltration trenches (100%). 
 
The TSS load flowing to the trenches in 2010 was more than five times the annual TSS load of any other 
year (2007 through 2009 and the annual projected).  Although the TSS load flowing to the trenches in 
2010 was substantially greater than the annual projected load, the TSS removal efficiency in 2010 (85%) 
was much lower than the annual projected efficiency (100%) (Table 9-4).   
 
Performance results for individual trenches varied, annually.  In 2010, there was significantly more 
annual precipitation causing more stormwater runoff and pollutant loads flowing to the trenches than in 
previous years.  Several factors associated with that elevated annual precipitation amount in 2010 (i.e. 
more frequent storm events, more intense storm events, higher precipitation storm events, etc.) may have 
been attributable to lower volume reduction and TP and TSS removal efficiencies for the individual 
trenches in 2010 than in previous years.  Volume reduction and TP and TSS removal efficiencies for the 
individual trenches, varied from 67% to 93% in 2010 (Appendix A: Table A-20).    
 
Trenches 1, 2, 5, 6, and 7 are all single ended trenches.   A single ended trench receives flow from only 
one end of the trench.  Double ended trenches receive flow into both ends.  Trenches 3, 4, and 8 are all 
double ended trenches.  The double ended trenches have the three largest drainage areas and received 
the largest volumes of stormwater runoff and TP and TSS loads.  In 2010, when volume reduction and 
pollutant removal efficiencies were highly variable, single ended trenches performed more efficiently 
overall than the double ended trenches.  Notably, the trenches on Nebraska Avenue (Trenches 1-4) 
performed more efficiently than those on Arlington Avenue (Trenches 5-8).   Also, overall the 
infiltration trenches were more efficient at removing TSS than TP.   
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Figure 9-2.  Annual stormwater runoff flowing to and discharging/bypassing from all infiltration trenches 
from 2007 to 2010 and for a year with an average precipitation amount (annual projected). 

 
 
2007 to 2010 annual cumulative TP loads removed by the trenches were calculated.  The annual 
cumulative TP load includes: 1) the TP load removed through the infiltration of stormwater runoff and 
settlement of suspended particles, 2) the TP load associated with the accumulation of gross solids within 
sumped catch basins, and 3) the TP load associated with accumulation of gross solids within the sumped 
manholes (Figure 9-3).  
 
On average, the cumulative TP load removed by all infiltration trenches, from 2007 to 2010, was 20 lbs 
per year.  Overall, annual cumulative TP loads removed by all infiltration trenches increased each year, 
from 2007 to 2010 (Figure 9-3, Table 9-4).  However, annual TP loads for the three components of the 
cumulative TP load (described above) varied (Figure 9-3).    
 
Annual cumulative TP loads removed by the trenches from 2008 to 2010, each represent full years of 
operation; the 2007 annual cumulative TP load only represents one-half year of operation (Table 9-5).  
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Annual cumulative TP loads removed by the trenches in 2008 and 2009 were comparable to the annual 
projected cumulative TP load removed.  The cumulative TP load removed in 2010 was more than one 
and one-half times the annual projected cumulative TP load.           
 
Double ended trenches (Trenches 3, 4 and 8) collectively removed the largest portion of the annual 
cumulative TP loads removed by all trenches, from 2007 to 2010; 62% to 67% of the annual cumulative 
TP loads.     
 
The TP load associated with the accumulation of gross solids accounted for a significant portion of the 
annual cumulative TP loads removed by all trenches (Table 9-5).  On average, 46% of the annual 
cumulative TP load removed by all trenches, from 2007 to 2010, was due to the TP load removed 
through the accumulation of gross solids in all pretreatment units.  From 2007 to 2010, on average, 9 lbs 
of TP was removed, by the trenches, through the accumulation of gross solids in all pretreatment units.   
 
Annual TP loads in gross solids captured by the catch basins were greater than annual TP loads in gross 
solids removed by the manholes.  The catch basins serve as the first form of treatment for runoff; 
therefore, gross solids are generally captured in the catch basins before runoff receives secondary 
treatment in the manholes.  In addition, more floatables are retained in the catch basins than in the 
manholes as the catch basin outlets are equipped with steel hoods which prevent floatables from flowing 
out of the catch basins. 
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Figure 9-3.  Annual cumulative TP loads removed by all infiltration trenches from 2007 to 2010 and for a 
year with an average precipitation amount (annual projected). 

 
 
Annual total solids loads, from 2007 to 2010, were calculated for the trenches which include: 1) the 
annual TSS load removed through the infiltration of stormwater runoff and the settlement of suspended 
particles, 2) the annual gross solids load captured by sumped catch basins, and 3) the annual gross solids 
load captured by sumped manholes (Figure 9-4, Table 9-5).   
 
From 2007 to 2009, on average 29,300 lbs of total solids was removed by all trenches each year.  The 
majority of the annual total solids loads removed by the trenches were due to gross solids captured by all 
pretreatment units; on average 79% of annual total solids loads.  In years when gross solids loads, 
captured by the pretreatment units, were representative of a full year of operation (2008 through 2010), 
annual total solids loads were similar or exceeded the annual projected load.   
 
Annual gross solids loads captured by all catch basins were greater than the annual gross solids load 
captured by all manholes.  Gross solids loads captured by the catch basins were attributable to 57% of 
the average annual total solids loads captured the trenches from 2007 to 2010; an average 16,700 lbs of 
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gross solids was captured by all catch basins each year.  This is an expected result because the catch 
basins serve as the first form of treatment and are equipped with steel hoods to retain floatables.     
 
Annual gross solids loading results, from 2007 to 2010, for the individual trenches vary (Appendix A: 
Tables A-15, A-17, A-19, and A-21).  Overall in 2007 and 2010, annual gross solids loads captured by 
single ended trenches were greater than those loads captured by double ended trenches.  However, the 
opposite was true in 2008 and 2009; double ended trenches captured more annual gross solids loads than 
the single ended trenches.   
 
In addition, annual gross solids loads captured by a particular pretreatment unit type (catch basins or 
manholes), for an individual trench, also varied.  While the overall trend for all infiltration trenches 
(with regards to annual gross solids loads captured by pretreatment units) was that more annual gross 
solids loads were captured by catch basins than manholes; it was observed that for some trenches, 
manholes captured more annual gross solids loads than catch basins and vice versa.    
 
 

Figure 9-4.  Annual total solids loads removed by all infiltration trenches from 2007 to 2010 and for a year 
with an average precipitation amount (annual projected). 
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Table 9-4.  Annual volume reduction and pollutant removal efficiencies for all infiltration trenches from 
2007 to 2010 and for a year with an average precipitation amount (annual projected). 

 
 
 
  

2007 2008 2009 2010

Annual 

Projectedª

Annual Precipitation (in) 25.0 21.7 22.3 36.3 26.0

Watershed Area (ac) 22.67 22.67 22.67 22.67 22.67

VOLUME REMOVAL EFFICIENCY
Inflow Volume (cf) 320,166 281,616 291,721 755,069 346,562

Outflow Volume (cf) 2,918 0 0 172,715 0

Volume Removed by BMP (cf) 317,248 281,616 291,721 582,354 346,562

Volume Removal Efficiency (%) 99% 100% 100% 77% 100%

TP REMOVAL EFFICIENCY
Inflow TP Load (lbs) 7.6 6.6 7.2 28.8 7.9

Outflow TP Load (lbs) 0.1 0.0 0.0 7.2 0.0

TP Load Removed by BMP (lbs) 7.5 6.6 7.2 21.6 7.9

TP Removal Efficiency (%) 99% 100% 100% 75% 100%

TSS REMOVAL EFFICIENCY
Inflow TSS Load (lbs) 3,363 2,897 3,384 18,538 3,308

Outflow TSS Load (lbs) 28 0 0 3,264 0

TSS Load Removed by BMP (lbs) 3,335 2,897 3,384 15,274 3,308

TSS Removal Efficiency (%) 99% 100% 100% 82% 100%
a
 Annual  projected results  derived using the 1995 water year.
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Table 9-5.  Annual cumulative TP and total solids load reductions for all infiltration trenches from 2007 to 2010 and for a year with an average 
precipitation amount (annual projected). 

 

2007 2008 2009 2010

Annual 

Projected

Annual Precipitation (in) 25.0 21.7 22.3 36.3 26.0

Watershed Area (ac) 22.67 22.67 22.67 22.67 22.67

Total Volume Removed by BMP (cf) 317,248 281,616 291,721 582,354 346,562

CUMULATIVE TP LOAD REMOVED
TP Load Removed by BMP (lbs) 7.5 6.6 7.2 21.6 7.9

TP Load in Gross Solids Load Removed by Pretreament Unit: Catch Basins (lbs) 3.6 6.6 9.9 6.6 7.7

TP Load in Gross Solids Load Removed by Pretreament Unit: Manholes (lbs) 2.2 3.8 3.0 1.2 2.7

Cumulative TP Load Removed: BMP + Pretreatment (lbs) 13.3 17.1 20.1 29.4 18.3

TOTAL SOLIDS LOAD REMOVED  
TSS Load Removed by BMP (lbs) 3,335 2,897 3,384 15,274 3,308

Gross Solids Load Removed by Pretreatment Unit: Catch Basins (lbs) 9,000 16,513 24,683 16,513 19,236

Gross Solids Load Removed by Pretreatment Unit: Manholes (lbs) 5,536 9,568 7,517 2,935 6,673

Total Solids Load Removed: BMP + Pretreatment (lbs) 17,871 28,977 35,584 34,722 29,217

VOLUME REMOVED



Chapter 9.  Underground Infiltration Trenches Page 108 
 

9.3. Operation and Maintenance 
 
CRWD maintains the eight infiltration trenches as well as the sixteen sumped manholes and 30 sumped 
catch basins.  The total staff hours spent maintaining the trenches have been slightly variable from 2007 
to 2010.  However, from 2008 to 2010 the annual O & M costs have been fairly consistent.  On average, 
CRWD spent $9,888 and 73 staff hours annually maintaining the infiltration trenches and pretreatment 
units.  Table 9-6 lists annual O & M costs and staff hours for all eight infiltration trenches.      
             
 
Table 9-6. Annual O & M costs and labor hours for all infiltration trenches.   
 

 
 
On average, 83% of the annual O & M cost from 2007 to 2010 was attributed to contract services (Table 
9-6).  Generally, contract services consist of removing debris and sediment from the sumped catch 
basins and manholes semi-annually (spring and fall).  In 2007, debris and sediment removal in the 
trenches only occurred once because the trenches and pretreatment units were not operational until June 
2007.  The cost associated with this debris removal outweighs the variability in labor costs, keeping the 
annual O & M costs fairly consistent from year-to-year.  The costs to remove debris and sediment from 
the catch basins and manholes on average were approximately $144/manhole and $95/catch basin.           
 
Labor costs and staff hours spent on inspections and maintenance have been variable from 2007 to 2010 
(Table 9-6).  Staff hours were high in 2007 due to the installation of steel hoods in each catch basin.  
Before the hoods could be installed, gaskets were attached to the edge of each hood to eliminate gaps 
and to provide a better seal.  The particular type of gasket installed in 2007 degraded rapidly.  In 2008, 
the original gaskets were removed and replaced with heavy rubber gaskets.  This process was fairly 
labor intensive causing staff hours to remain high in 2008.  In 2009 and 2010, staff hours were 
significantly lower than in previous years, primarily due to not replacing the gaskets on the hoods.    
 
In addition to gasket replacement, inspections were also conducted to track sediment accumulation 
within the sumped catch basins and manholes and to also observe how quickly water infiltrated through 
the perforated pipes following rain events.  Table 9-7 details the inspection and maintenance schedule 
for the infiltration trenches.               
  
 
 
 
 
 

Year Labor
Equipment & 

Materials

Contract 

Services
Total Labor Hours

2007 $2,373 $0 $3,136 $5,509 138.0

2008 $1,768 $323 $10,314 $12,405 87.8

2009 $337 $0 $10,314 $10,651 23.3

2010 $675 $0 $10,314 $10,988 43.2

Total: $5,153 $323 $34,077 $39,553 292.3
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Table 9-7.  Inspection and maintenance schedule for the infiltration trenches. 
 
Activity            Frequency 
Catch Basin Sediment Inspection      Semi‐Annual 
Catch Basin Gasket Inspection      As Necessary 
Catch Basin Maintenance        Semi‐Annual/Annual 
Manhole Sediment Inspection      Semi‐Annual 
Trench Post‐Rain Infiltration Inspection    Quarterly/After Major Rainfall 
Trench Maintenance          Semi‐Annual/Annual     
 
 
Prior to removing debris and sediment from each catch basin and manhole, sediment inspections were 
conducted in the spring and fall.  Inspections of each catch basin and manhole included the 
measurements of debris and water depth and note of the overall condition of the structure.  
 
Post-rain inspections of the manholes were conducted 24 hours following a storm event which totaled 
two or more inches of precipitation.  Additionally, manhole inspections were conducted on a quarterly 
basis to ensure proper function.  The purpose of the inspection was to observe if the trenches were 
infiltrating properly following an event.  If water was present in the lower pipe during an inspection, a 
visual approximation of water depth was recorded.  Runoff drained from all trenches typically within 48 
hours.  Post-rain inspections were conducted on a more frequent schedule in 2007 and 2008 (after every 
storm event).  It was determined that this frequency was no longer necessary and the frequency of post-
rain inspections was decreased to a quarterly basis and following major rainfall events.      
 
In future years, CRWD staff hours spent on inspections and maintenance is expected to remain 
somewhat consistent with 2010 hours.  However, a significant increase in staff hours is expected for 
2011, due to a labor intensive special project aimed at more accurately quantifying sediment and TP 
loads being captured by the catch basins and manholes.  The cost associated with debris removal from 
the pretreatment unit is also expected to increase due to the cost of inflation.   Additionally, the cost of 
contract services for debris removal may fluctuate due to an anticipated change in contractor. 
 
Irregular trench maintenance and costs are expected to incur over the life expectancy of the BMP.  For 
example, the perforated pipes of each trench will need to be cleaned out over time as sediment and other 
debris accumulates within.  Proper maintenance of the infiltration trenches will ensure functionality over 
the life of the BMP. 
 
CRWD estimates that the removal of accumulated debris in the trench pipes will need to occur three 
times over the course of the BMP life expectancy (35 years) with an estimated cost of $10,000 per 
cleaning.  The total cost of the three debris removals was amortized over the life expectancy of the BMP 
and was incorporated into the annual projected O & M costs in Table 9-8.  The cost was amortized in 
order to keep annual O & M costs comparable.  CRWD acknowledges and fully expects the annual O & 
M cost for those years in which irregular maintenance activities occur will be substantially higher than 
the O & M costs from those regular maintenance years.             
 
Itemized annual O & M activities and costs for 2009 and 2010 for the infiltration trenches may be found 
in Appendix A: Tables A-55 and A-56.      
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9.4. Cost-Benefit Analysis 
 
From 2007 to 2010, the average annual operating cost for all infiltration trenches was approximately 
$21,000 per year (Table 9-8).   The 2007 operating costs were the lowest since it was only represent O & 
M costs for one-half of the year.  The annual operating costs from 2008 to 2010 were fairly consistent, 
averaging roughly $22,800 annually.      
 
 
Table 9-8.  Annual operating costs for the infiltration trenches. 

   
 
 
The highest volume reduction and pollutant removal costs occurred in 2008 (Table 9-9).  This was due 
to a high annual operating cost and lower volume and fewer amount of pollutants removed in 2008 than 
in any other year.   Overall, volume reduction and pollutant removal costs were the lowest in 2010 than 
in any other year.  However, there were significant variations in volume reduction and pollutant removal 
costs annually from 2007 to 2010.  These variations were due to a combination of variability in annual 
operating costs and in the volume of runoff and amount of pollutants removed.          
 
On average the cost to remove one cubic foot of stormwater runoff was $0.06 and the cost to remove 
one pound of TP and one pound of total solids was $1,066 and $0.73, respectively (Table 9-9).  These 
average costs were less than the annual projected volume reduction and pollutant removal costs.      
 
 
  

2007 $11,430 $5,509 $16,939

2008 $11,430 $12,405 $23,835

2009 $11,430 $10,651 $22,081

2010 $11,430 $10,988 $22,418

Annual Projected $11,430 $12,500 $23,930
a 
Capital  cost amortized over 35 years.

Annual     

Capital Costa
Annual       

O & M Cost

Annual 

Operating 
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Table 9-9.  Annual volume reduction and pollutant removal costs for all infiltration trenches. 

 
 
 

2007 2008 2009 2010

Annual Operating Cost $16,939 $23,835 $22,081 $22,418 $23,930

Volume Reduction (cf/year) 317,248 281,616 291,721 582,354 346,562

Volume Reduction Cost ($/cf) $0.05 $0.08 $0.08 $0.04 $0.07

Cumulative TP Load Removed (lbs/year)a 13.35 17.08 20.14 29.42 18.32

Cumulative TP Removal Cost ($/lb) $1,269 $1,395 $1,096 $762 $1,307

TSS Load Removed (lbs/year) 3,335 2,897 3,384 15,274 3,308

TSS Removal Cost ($/lb) $5.08 $8.23 $6.52 $1.47 $7.23

Total Solids Load Removed (lbs/year)b 17,871 28,977 35,584 34,722 29,217

Total Solids Removal Cost ($/lb) $0.95 $0.82 $0.62 $0.65 $0.82

Annual 

Projected

b 
Includes  the TSS load removed through infiltration of stromwater and settlement of suspended particles  as  well  as  gross  solids  

load captured by the BMP.  

a
 Includes  the TP load removed through infiltration of stormwater runoff and settlement of suspended particles and the TP load 

associated with the gross  solids  load captured by the BMP.
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10. Rain Gardens 

 

10.1.  Background 
 
A component of the Arlington Pascal Project was the construction of eight rain gardens (Figure 2-3).  
CRWD owns and maintains the rain gardens which are named according to nearby street intersections.  
The rain gardens are:   

 Arlington-McKinley 
 Asbury North 
 Asbury South 
 Frankson-McKinley 

 Hamline Midway 
 Pascal Center 
 Pascal North 
 Pascal South 

 
A majority of the rain gardens were built within 
the city street right-of-way during a street 
reconstruction project.  The Hamline Midway 
Rain Garden was built between the wooded 
edge of Como Park and Hamline Avenue in an 
area that was disturbed by a storm sewer pipe 
replacement project.  Following replacement of 
the storm sewer pipe, the rain garden was 
constructed above the new pipe.   
 

The purpose of the rain gardens is to 
contribute to water quality improvements as 
well as volume and rate control.  They also increase groundwater recharge, improve aesthetics, and 
provide wildlife habitat and educational opportunities for the community.   
 
The rain gardens were constructed in 2005 and 2006.  When combined, the total drainage area is 
approximately 16 acres (Table 10-1) with approximately 25% impervious surface coverage (Table 10-
2).  The eight rain gardens have a combined area of 13,469 ft² and a total storage capacity of 
approximately 19,354 cf.   
 
Seven of the gardens (except the Hamline Midway Rain Garden) receive runoff via curb-cuts which 
direct flow into the rain garden.  If a rain garden reaches capacity, water will bypass the rain garden and 
flow down gradient to catch basins that are connected to the main storm sewer system.  The Hamline 
Midway Rain Garden receives runoff from the storm sewer pipe mentioned above and also from a 
second 10-inch pipe which drains areas within Como Park and Como Zoo.  When this rain garden 
reaches capacity, water flows out of the rain garden through an outlet structure and enters into the storm 
sewer system, ultimately discharging to Como Lake.       
 
A majority of the rain gardens serve as the first form of treatment within the treatment train of 
stormwater best management practices (BMPs).  Any runoff overflowing and bypassing the Pascal Rain 
Gardens (Center, North, and South) flows into a storm sewer which flows to the Como Park Regional 

Figure 10-1.  Pascal South Rain Garden. 
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Pond where it is treated and eventually discharges to Como Lake.  Stormwater runoff which overflows 
and bypasses the Arlington-McKinley Rain Garden flows to the Arlington-Hamline Facility, which 
discharges to Como Lake.  Runoff which overflows and bypasses the Frankson-McKinley Rain Garden 
flows to the Hamline Midway Rain Garden which discharges to Como Lake.       
 
All rain gardens were planted with a combination of perennial, native forbs and sedges, with the 
exception of the Hamline Midway Rain Garden which was planted with mostly trees and shrubs (Figure 
10-2).  Though plant species and abundance varies from garden to garden, the most commonly found 
plant species in the seven rain gardens are as follows:  
 
 Black-eyed Susan (Rudbeckia hirta)  
 Blue Lobelia (Lobelia siphilitica) 
 Blueflag Iris (Iris versicolor) 
 Butterfly Milkweed (Asclepias tuberosa) 
 Canada Anemone (Anemone canadensis) 
 Cardinal Flower (Lobelia cardinalis) 
 Fox Sedge (Carex vulpinoidea)  
 Little Bluestem (Schizachyrium scoparium) 
 Meadow Blazingstar (Liatris ligulistylis) 
 Pale Purple Coneflower (Echinacea pallida) 
 Prairie Blazingstar (Liatris pycnostachya) 
 Rattlesnake Master (Eryngium yuccifolium)  
 Sneezeweed (Helenium autumnale) 
 Wild Bergamot (Monarda fistulosa) 
 
The combined cost of all eight rain gardens was $160,244 which includes the cost of design, 
construction, and bond interest paid by CRWD (Table 10-3).  The unit cost of all rain gardens was 
approximately $11.90/ft² (Table 3-3).  The Hamline Midway Rain Garden, the largest garden with the 
largest drainage area, accounted for 64% of the total capital cost of all the rain gardens alone.  The 
Pascal North Rain Garden has the smallest drainage area but had the highest cost per square foot of all 
the rain gardens.  This was mainly due to the proportionately high construction cost for such a small rain 
garden area.  Topographic surveys of all rain gardens may be found in Appendix B: Figure B-4.   
 

10.1.1. Arlington-McKinley Rain Garden 
 
The Arlington-McKinley Rain Garden is a 767 ft² shallow rain garden, located just southeast of the 
intersection of Arlington Avenue, Holton Street, and Frankson Street (Table 10-1, Figure 2-3).  The rain 
garden has a water storage volume of 349 cf and also has a drainage area of 0.37 acres.  The rain garden 
receives runoff from a curb-cut inlet on McKinley Street.  The rain garden began operation in September 
2006.  Construction cost of the rain garden totaled $4,115 ($5.37/ft²) (Tables 10-3 and 3-3).     
 
 
 

Figure 10-2.  Common rain garden plants species. 
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10.1.2. Asbury North Rain Garden 
 
The Asbury North Rain Garden is located just north of the intersection of Asbury and Frankson Streets.  
The rain garden is 945 ft2 and has a water storage volume of 1,045 cf (Table 10-1, Figure 2-3). It 
receives runoff from a curb-cut inlet on Frankson Street and has a drainage area of 0.40 acres.  Asbury 
North became operational in 2006.  Construction cost of the rain garden totaled $9,246 ($9.87/ft2) 
(Tables 10-3 and 3-3). 
 

10.1.3. Asbury South Rain Garden 
 
The Asbury South Rain Garden is a large rain garden, located just south of the intersection of Asbury 
and Frankson Streets.  The rain garden is 1,712 ft² and has a water storage volume of 2,113 cf (Table 10-
1, Figure 2-3). Asbury South has a 1.08 acre drainage area and receives runoff from a curb-cut inlet on 
Frankson Street.  It began operation in June 2006.  Construction cost of the rain garden totaled $11,971 
($6.99/ft2) (Tables 10-3 and 3-3).    
 

10.1.4. Frankson-McKinley Rain Garden 
 
The Frankson-McKinley Rain Garden is a large rain garden, located just north of the intersection of 
Frankson, McKinley, and Albert Streets.  Its storage area is 2,078 ft², has a water storage volume of 
2,492 cf, and drains 2.8 acres (Table 10-1, Figure 2-3). The rain garden receives runoff from two curb-
cut inlets, one on McKinley Street and one on Albert Street.  The rain garden became operational in June 
2006.  Construction cost of the rain garden totaled $10,921 ($5.26/ft2) (Tables 10-3 and 3-3).      
 

10.1.5. Hamline Midway Rain Garden 
 
The Hamline Midway Rain Garden is the largest (6,364 ft²) of CRWD owned rain gardens and is located 
just northeast of the intersection of Hamline Avenue and the Midway Parkway (Table 10-1, Figure 2-3).  
It is adjacent to Como Park and also the Como Zoo.  The Hamline Midway Rain Garden is unlike the 
other rain gardens because it was planted primarily with shrubs and trees, rather than perennial native 
forbs and sedges.  The planting design was in response to the large size of the rain garden as well as 
citizen concerns regarding the removal of oak trees during the construction of the rain garden.   
 
Hamline Midway has a water storage volume of 12,576 cf and drains an area of 10.5 acres. It receives 
runoff from two storm sewer inlets: one at the south end and another on the east side of the rain garden.  
The rain garden is the only rain garden that has an outlet structure.  Once water level in the rain garden 
reaches approximately three feet, water flows out through a raised PVC pipe.  The outlet structure is also 
equipped with an emergency overflow which consists of a beehive grate which sits on top of the outlet 
structure.  Once water levels in the rain garden reach approximately five feet, water flows into the 
emergency overflow and into the storm sewer system, ultimately discharging to Como Lake. 
 
Hamline Midway began operation in 2006.  The total cost of the rain garden was $103,172 ($16.21/ft²) 
(Tables 10-3 and 3-3).  CRWD owns and maintains the Hamline Midway Rain Garden.  In addition, the 
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City of St. Paul Parks and Recreation Department as well as the Conservation Corps of Minnesota and 
Iowa (through a Clean Water Legacy Grant) provide additional assistance in maintenance of the rain 
garden. 
 

10.1.6. Pascal Center Rain Garden 
 
The Pascal Center Rain Garden is a 536 ft², shallow rain garden located just north of the intersection of 
Pascal and Frankson Streets (Table 10-1, Figure 2-3).  It is one of three rain gardens built on Pascal 
Street.  The rain garden has a water storage volume of 227 cf and a drainage area of 0.13 acres.  It 
receives runoff from a curb-cut inlet on Pascal Street.  It became operational in 2006.  Construction cost 
of the rain garden totaled $5,421 ($10.12/ft²) (Tables 10-3 and 3-3). 
 

10.1.7. Pascal North Rain Garden 
 
The Pascal North Rain Garden is a small, shallow rain garden (357 ft²) located north of the intersection 
of Pascal and Frankson Streets (Table 10-1, Figure 2-3).  It is the northern most of three rain gardens 
built on Pascal Street.  The rain garden has a water storage volume of 209 cf, has a drainage area of 0.46 
acres, and receives runoff from a curb-cut inlet on Pascal Street.  Pascal North Rain Garden became 
operational in 2006.  Construction cost of the rain garden totaled $6,750 ($18.90/ft²) (Tables 10-3 and 3-
3). 
 

10.1.8. Pascal South Rain Garden 
 
The Pascal South Rain Garden is a shallow rain garden (710 ft2) located north of the intersection of 
Pascal and Frankson Streets (Table 10-1, Figure 2-3).  It is the most southern of three rain gardens, built 
on Pascal Street.  Pascal South has a water storage volume of 344 cf.  It receives runoff from a curb-cut 
inlet on Pascal Street and has a drainage area of 0.36 acres.  The rain garden began operation in 2006.  
Construction cost of the rain garden totaled $8,648 ($12.18/ft²) (Tables 10-3 and 3-3). 
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Table 10-1. Size and storage capacity of the rain gardens. 

 
 
 
Table 10-2. Rain garden drainage areas and impervious surfaces characteristics. 

 
 
 
Table 10-3. Total capital cost of the rain gardens.  

   
 

Raingarden

Drainage Area 

(acres)

Storage Area 

(ft2)

Storage Volume 

(cf)

Arlington‐McKinley 0.37 767 349

Asbury North 0.40 945 1,045

Asbury South 1.08 1,712 2,113

Frankson‐McKinley 2.81 2,078 2,492

Hamline Midway 10.47 6,364 12,576

Pascal Center 0.13 536 227

Pascal North 0.46 357 209

Pascal South 0.36 710 344

Total: 16.08 13,469 19,354

Raingarden

Drainage Area 

(acres)

Acres 

Impervious

Percent 

Impervious 

Arlington‐McKinley 0.37 0.15 41%

Asbury North 0.40 0.17 43%

Asbury South 1.08 0.33 31%

Frankson‐McKinley 2.81 0.94 33%

Hamline Midway 10.47 1.86 18%

Pascal Center 0.13 0.06 46%

Pascal North 0.46 0.13 28%

Pascal South 0.36 0.09 24%

Total 16.08 3.73 23%

Design Construction Bond Interesta Total Cost

Arlington‐McKinley $494 $2,471 $1,150 $4,116

Asbury North $1,106 $5,532 $2,607 $9,246

Asbury South $1,433 $7,164 $3,374 $11,970

Frankson‐McKinley $1,309 $6,545 $3,067 $10,921

Hamline Midway $12,365 $61,824 $28,983 $103,172

Pascal Center $648 $3,239 $1,533 $5,421

Pascal North $806 $4,028 $1,917 $6,750

Pascal South $1,032 $5,162 $2,454 $8,648

Total: $19,193 $95,966 $45,085 $160,244
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10.2.   Performance Analysis 
 
Since the rain gardens became operational, all have been performing very efficiently.  From 2007 to 
2009, almost all rain gardens had performance efficiencies of 100% for volume reduction, TP, and TSS 
(Table 10-4, Appendix A: Tables A-24, A-26, and A-28).  All stormwater runoff and associated 
pollutants which flowed into the rain gardens was infiltrated and removed.  In 2010, the rain gardens 
still performed well; however, overall performance efficiencies were slightly lower than those observed 
in previous years due to a higher than average precipitation year (Appendix A: Table A-30).  Combined, 
the rain gardens infiltrated on average, 95% of total flow which flowed to the gardens and removed 91% 
of the TP and TSS loads associated with that flow.  These efficiencies are slightly lower than the annual 
projected efficiencies (all of which are 100%); which are based on a year with an average amount of 
precipitation.   
 
The volume of stormwater runoff that flowed to all of the rain gardens was fairly consistent from 2007 
to 2009 (Figure 10-3, Table 10-4).  There were no substantial differences in total annual precipitation 
during this time.  Generally, greater amounts of precipitation resulted in larger volumes of runoff 
flowing to the rain gardens.  In 2010, there was significantly more precipitation than in previous years.  
Total flow to all of the rain gardens was approximately 560,000 cf in 2010.  This was more than two 
times greater than the total annual flow in any other year.  Subsequently, 2010 annual TP and TSS loads 
were four to five times more than annual pollutant loads in previous years. 
 
In comparison to the annual projected volume of stormwater runoff which flowed to the rain gardens; 
the annual volume of runoff flowing to the rain gardens from 2007 to 2009, were less than the annual 
projected amount.  Annual overflow from the rain gardens, in 2007, was slightly more than the annual 
projected amount.  In 2008 and 2009, there was no overflow from or runoff which bypassed the rain 
gardens; this is consistent with the annual projected results.  In 2010, annual runoff flowing into the rain 
gardens was substantially more than the annual projected amount; more than two times as much runoff 
flowed to the rain gardens in 2010 than in the annual projected amount.  However, the amount of runoff 
which discharged from/bypassed the rain gardens in 2010 (12%) was greater than the annual projected 
amount.          
 
The Hamline Midway Rain Garden, which has the largest storage volume and drainage area, received 
and infiltrated more stormwater than any other rain garden from 2007 to 2010 (Appendix A: Tables A-
24, A-26, A-28, and A-30).  On average, the Hamline Midway Rain Garden received 69% of the total 
annual flow to all rain gardens and infiltrated 68% of that total annual flow.  Generally, from 2007 to 
2010, the Pascal Center Rain Garden consistently received the smallest amount of stormwater runoff and 
pollutant loads than any other rain garden.  The Pascal Center Rain Garden has the smallest drainage 
area and storage volume than any other rain garden.   
 
Volume reduction and TP and TSS removal efficiencies across individual rain gardens in 2010 varied 
significantly, from 65% to 100%.  The Asbury North and Asbury South Rain Gardens performed the 
most efficiently of all rain gardens; with efficiencies between 93% and 100%.  The Pascal Center Rain 
Garden had the lowest efficiencies (65% to 70%).  All other rain gardens had an average volume 
reduction efficiency of 88% and average TP and TSS removal efficiencies of 83% and 87%, 
respectively.     
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Figure 10-3.  Annual stormwater runoff flowing to and discharging/bypassing from all rain gardens from 
2007 to 2010 and for a year with an average precipitation amount (annual projected). 

 
 
The annual cumulative TP load removed by the rain gardens was, on average, 12 lbs (Table 10-5).  This 
includes the TP load removed through the infiltration of stormwater runoff and settlement of suspended 
solids and the TP load removed through accumulation of gross solids within the rain gardens.  Annual 
cumulative TP loads removed by the rain gardens, from 2007 to 2009, were comparable or slightly less 
than the annual projected cumulative TP load.  In 2010, the annual cumulative TP load was almost two 
times that of the annual projected cumulative TP load.  These trends are primarily attributable to annual 
precipitation amounts.  Generally the greater the annual precipitation amount, the greater amount of 
stormwater runoff and pollutant loads flowing to the rain gardens. 
 
The Hamline Midway Rain Garden consistently removed the largest portion of the annual cumulative 
TP load of all the rain gardens from 2007 to 2010 (Appendix A: Tables A-24 through A-31).  On 
average, 61% of the annual cumulative TP load of all rain gardens was removed by Hamline Midway 
Rain Garden.  This is consistent with the annual projected cumulative TP load removed by the Hamline 
Midway Rain Garden (Appendix A: Tables A-32 and A-33).  The Pascal Center Rain Garden, which has 
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the smallest watershed area and storage volume, consistently removed the smallest annual cumulative 
TP load, from 2007 to 2010 (Appendix A: Tables A-24 through A-31).       
 
Generally, annual TP load reductions attributable to the infiltration of stormwater runoff and settlement 
of suspended particles, has accounted for the majority of the annual cumulative TP loads removed by the 
rain gardens each year (Figure 10-4, Table 10-5).  Annual TP loads remained fairly consistent, from 
2007 to 2009, and all were slightly less than the annual projected load.  The 2010 annual TP load 
removed through infiltration and settling was nearly three times greater than that of the annual projected 
TP load.  On average, 8 lbs of TP was removed by the rain gardens through infiltration and settling each 
year.    
 
Annual TP loads removed through the accumulation of gross solids averaged approximately 4 lbs.  From 
2007 to 2010, annual TP loads associated with the accumulation of gross solids has varied.  An increase 
in annual TP loads was observed from 2007 to 2009 and decreased in 2010.    
 

 
Figure 10-4.  Annual cumulative TP loads removed by all rain gardens from 2007 to 2010 and for a year 

with an average precipitation amount (annual projected). 
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The average annual total solids load, removed by all of the rain gardens, was approximately 14,000 lbs 
(Table 10-5).  The total solids load is comprised of 1) the total TSS load removed through the infiltration 
of stormwater and settlement of suspended solids and 2) the accumulation of gross solids.  The 
Frankson-McKinley and the Hamline Midway Rain Gardens accumulated by far, the largest amount of 
total solids annually in comparison to the other rain gardens (Appendix A: Tables A-24 through A-31).  
Cumulatively, total solids loads captured by both rain gardens accounted for an average of 77% of the 
annual total solids load.  
 
Annual total solids loads removed by all rain gardens increased from 2007 to 2010 (Figure 10-5, Table 
10-5).  While annual total solids loads have varied, the average annual total solids load is comparable to 
the annual projected total solids load.        
 
From 2007 to 2009 the gross solids load which accumulated within the rain gardens, comprised the 
majority of the total solids load removed.  In 2010, the TSS load removed through infiltration of 
stormwater runoff and settlement of suspended particles accounted for the majority of the total solids 
load removed by all rain gardens.  However, these results vary for individual rain gardens each year 
(Appendix A- Tables A-24 through A-31).  The gross solids load captured by all rain gardens averaged 
9,600 lbs annually, from 2007 to 2010.      
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Figure 10-5.  Annual total solids loads removed by all rain gardens from 2007 to 2010 and for a year with 
an average precipitation amount (annual projected). 
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Table 10-4.  Annual volume reduction and pollutant removal efficiencies for all rain gardens from 2007 to 
2010 and for a year with an average precipitation amount (annual projected). 

 
 
 
Table 10-5.  Annual cumulative TP and total solids load reductions for all rain gardens from 2007 to 2010 

and for a year with an average precipitation amount (annual projected). 

 
 

2007 2008 2009 2010

Annual 

Projectedª

Annual Precipitation (in) 25.0 21.7 22.3 36.3 26.0

Watershed Area (ac) 16.08 16.08 16.08 16.08 16.08

VOLUME REMOVAL EFFICIENCY
Inflow Volume (cf) 257,135 225,118 230,519 568,981 277,651

Outflow Volume (cf) 87 0 0 67,736 0

Volume Removed by BMP (cf) 257,048 225,118 230,519 501,245 277,651

Volume Removal Efficiency (%) 100% 100% 100% 88% 100%

TP REMOVAL EFFICIENCY
Inflow TP Load (lbs) 5.75 4.94 5.24 20.50 6.05

Outflow TP Load (lbs) 0.00 0.00 0.00 3.40 0.00

TP Load Removed by BMP (lbs) 5.75 4.94 5.24 17.10 6.05

TP Removal Efficiency (%) 100% 100% 100% 83% 100%

TSS REMOVAL EFFICIENCY
Inflow TSS Load (lbs) 2,411 2,095 2,354 12,565 2,356

Outflow TSS Load (lbs) 1 0 0 1,653 0

TSS Load Removed by BMP (lbs) 2,410 2,095 2,354 10,912 2,356

TSS Removal Efficiency (%) 100% 100% 100% 87% 100%
a
 Annual  projected results  derived using the 1995 water year.

2007 2008 2009 2010

Annual 

Projected

Annual Precipitation (in) 25.0 21.7 22.3 36.3 26.0

Watershed Area (ac) 16.08 16.08 16.08 16.08 16.08

VOLUME REMOVED
Total Volume Removed by BMP (cf) 257,048 225,118 230,519 501,245 277,651

CUMULATIVE TP LOAD REMOVED
TP Load Removed by BMP (lbs) 5.75 4.94 5.24 17.10 6.05

TP Load in Gross Solids Load Removed by BMP (lbs) 2.44 4.38 5.41 3.26 4.35

Cumulative TP Load Removed: BMP (lbs) 8.19 9.32 10.65 20.36 10.40

TOTAL SOLIDS LOAD REMOVED  
TSS Load Removed by BMP (lbs) 2,410 2,095 2,354 10,912 2,356

Gross Solids Load Removed by BMP (lbs) 6,023 10,902 13,461 8,130 10,822

Total Solids Load Removed: BMP (lbs) 8,433 12,997 15,815 19,042 13,178



Chapter 10.  Rain Gardens Page 123 
 

10.3. Operation and Maintenance 
 
CRWD is responsible for the operation and 
maintenance of the eight rain gardens.  In 2010, a 
Clean Water Legacy grant was awarded to CRWD 
in cooperation with the City of St. Paul Parks and 
Recreation Department for a Conservation Crew of 
Minnesota field crew.  This crew was assigned to 
assist both CRWD and the City of St. Paul, to 
establish and maintain environmental practices 
which provide a direct benefit to the water quality 
of Como Lake.   
 
The field crew exclusively provided maintenance 
assistance to the Hamline Midway Rain Garden.  
Since 2008, CRWD has also received assistance 
from neighborhood volunteers for maintenance of 
rain gardens.  CRWD staff, City of St. Paul staff, 
Conservation Crew of Minnesota staff, and 
volunteer hours are reflected in annual labor hours 
and labor costs in Table 10-6.  A labor rate of $0.00 was applied to volunteer hours in the labor cost 
calculation. 
 
 
Table 10-6. Annual O & M costs and labor hours for the rain gardens. 

 
 
 
From 2007 to 2009, annual O & M costs for the rain gardens decreased substantially.  In 2010, the 
annual O & M cost increased; however, this increase was mainly due to the purchase and installation of 
signage at the rain gardens (equipment and materials cost).  The maintenance of rain gardens is labor 
intensive.  On average labor costs account for 67% of the annual O & M costs.       
 
Since 2007, there has been an overall decrease in the number of labor hours and labor costs spent 
annually maintaining the rain gardens.  As the rain gardens become more established, the need for 
maintenance should gradually decrease.  Since 2008, various individuals and groups have volunteered 
their time to provide CRWD with assistance with maintenance of the rain gardens.  In 2008 and 2009, 

Year Labor
Equipment 

& Materials

Contract 

Services
Total

Labor 

Hoursa

2007 $11,469 $2,621 $761 $14,851 640.0

2008 $5,142 $1,755 $648 $7,544 431.6

2009 $3,790 $1,006 $0 $4,796 380.2

2010 $3,185 $4,430 $0 $7,615 243.2

Total: $23,586 $9,811 $1,409 $34,805 1695.0
a
 Includes  CRWD staff, CRWD volunteer, and City of St. Paul  staff hours.

Figure 10-6. CRWD staff and volunteers 
conducting maintenance in the 
Asbury South Rain Garden, 2008. 
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volunteers accounted for almost 60% of the total labor hours, although in 2010 they accounted for only 
8%.  From 2008 to 2010, CRWD staff hours have remained fairly consistent, averaging 240 hours 
annually.  CRWD staff hours are expected to drop significantly in future years, as maintenance of the 
rain gardens will be contracted out. 
 
In 2009, approximately 70% of the total labor hours were spent maintaining four rain gardens: the 
Asbury South, Frankson-McKinley, Hamline Midway, and Pascal Center Rain Gardens (on average, 66 
hours per rain garden).  The Pascal Center Rain Garden is the second smallest rain garden; however, it 
has the largest immediate boulevard area.  Maintenance of that boulevard area (grass re-establishment 
and mowing) accounted for the majority of its total labor hours.  The Asbury South, Frankson-
McKinley, and Hamline Midway Rain Gardens are the three largest rain gardens.  They generally 
require more attention for maintenance due to their size.  The remaining four rain gardens (Arlington-
McKinley, Asbury North, Pascal North, and Pascal South Rain Gardens) averaged 29 hours of 
maintenance, per rain garden in 2009.   
 
Approximately 43% of the total labor hours (approximately 105 hours) in 2010, were spent maintaining 
the Hamline Midway Rain Garden.  The other seven rain gardens averaged 20 hours of maintenance per 
rain garden.                
 
CRWD’s rain garden inspection and maintenance schedule is outlined in Table 10-7.  Routine 
maintenance of the rain gardens and the immediate surrounding boulevard was completed as deemed 
necessary.  This included grass establishment and mowing of the boulevard areas immediately 
surrounding the rain garden.  The more frequent types of rain garden maintenance activities included 
debris and trash removal from the rain garden and rain garden inlets, leaf removal, thinning plants, and 
weeding.      
 
 
Table 10-7.  Inspection and maintenance schedule for the rain gardens.     
Activity    Frequency 
Inspection    Monthly, After Major Rainfall 
Maintenance    Monthly or as Necessary     
 
 
CRWD also completed monthly inspections and post-rain inspections (after rain events totaling two or 
more inches of precipitation) for all rain gardens.  Both inspections were qualitative and required the 
assessor to make observations on the health and abundance of plants, the presence of bare patches of 
soil, the occurrence of sediment buildup, the presence of debris in the inlet(s); and the initiation of 
erosion.               
 
Itemized annual O & M activities and costs for each rain garden, for 2007 and 2008, may be found in 
CRWD’s Stormwater BMP Performance Assessment and Cost-Benefit Analysis (CRWD, 2010b).  
Itemized annual O & M activities and costs, for 2009 and 2010, for each rain garden may be found in 
Appendix A: Tables A-38 through A-54.   
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10.4.  Cost-Benefit Analysis 
 
Annual operating costs for all of the rain gardens have varied, from 2007 to 2010, due to significant 
fluctuations in annual O & M costs.  On average, the annual operating cost for all rain gardens is 
approximately $13,000; which is slightly higher than the projected annual operating cost (Table 10-8).  
2007 had the highest annual operating cost due to the labor cost associated with maintenance of the rain 
gardens.  This high annual operating cost had a large impact on the overall, 2007 through 2010, average.  
Excluding the 2007 operating cost, the 2008 through 2010 average annual operating cost is more on par 
with the annual projected operating cost at approximately $11,000.   
 
 
Table 10-8.  Rain garden annual operating costs. 

 
  
 
Volume reduction and pollutant removal costs have steadily decreased since 2007 (Table 10-9).  The 
costs were at their lowest in 2010, primarily due to greater volumes of runoff being infiltrated and 
increased pollutant removal in 2010 than in previous years.   
 
The 2010 removal costs generally indicate that the driving factors in volume reduction and pollutant 
removal costs are the volume of discharge and the quantity of pollutants being removed.  Increases or 
decreases in discharge and pollutant loads directly impact the removal costs.  Annual operating costs do 
not generally have a large impact on volume reduction and pollutant removal costs because generally 
there are no significant fluctuations in annual operating costs therefore the impact is not quite as 
extensive.  However, the sizeable differences in annual operating costs, from 2007 to 2009 for the rain 
gardens, have an equal and perhaps an even greater impact on those corresponding volume reduction 
and pollutant removal costs.  More so than the volume of discharge and quantity of pollutants being 
removed.        
 
With the exception of the TSS removal cost, which is significantly lower, average volume reduction and 
pollutant removal costs are relatively comparable to annual projected costs.  On average, the cost to 
remove one pound of TP and one pound of total solids is $1,107 and $0.91.  The average cost to 
infiltrated one cubic foot of stormwater runoff is $0.04. 
 
 

2007 $4,578 $14,851 $19,429

2008 $4,578 $7,544 $12,122

2009 $4,578 $4,796 $9,374

2010 $4,578 $7,615 $12,193

Annual Projected $4,578 $7,160 $11,738
a 
Capital  cost amortized over 35 years.

Annual     

Capital Costa
Annual        

O & M Cost

Annual 

Operating Cost
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Table 10-9.  Annual volume reduction and pollutant removal costs for all rain gardens.  

 
 

2007 2008 2009 2010

Annual Operating Cost $19,429 $12,122 $9,374 $12,193 $11,738

Volume Reduction (cf/year) 257,048 225,118 230,519 501,245 277,651

Volume Reduction Cost ($/cf) $0.08 $0.05 $0.04 $0.02 $0.04

Cumulative TP Load Removed (lbs/year)a 8.19 9.32 10.65 20.36 10.40

Cumulative TP Removal Cost ($/lb) $2,372 $1,301 $880 $599 $1,129

TSS Load Removed (lbs/year) 2,410 2,095 2,354 10,912 2,356

TSS Removal Cost ($/lb) $8.06 $5.79 $3.98 $1.12 $4.98

Total Solids Load Removed (lbs/year)b 8,433 12,997 15,815 19,042 13,178

Total Solids Removal Cost ($/lb) $2.30 $0.93 $0.59 $0.64 $0.89

b 
Includes  the TSS load removed through infi ltration of stromwater and settlement of suspended particles  as well  as the gross  

solids  load captured by the BMP.  

Annual 

Projected

a
 Includes  the TP load removed through infiltration of stormwater runoff and settlement of suspended particles  and the TP load 

associated with the gross  solids  load captured by the BMP.
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11. Additional Analysis 
 
Additional analysis was performed to further explore the performance trends of the Arlington Pascal 
Project BMPs from 2007 to 2010.  Statistical methods were used to demonstrate the effectiveness of the 
Arlington-Hamline Facility, Como Park Regional Pond, and the two monitored infiltration trenches at 
removing TP and TSS loads.  Statistical analysis was also utilized to identify annual variations and 
trends in TP and TSS concentrations. 
 
 

11.1. Como Park Regional Pond 
 
The Como Park Regional Pond receives stormwater runoff from two types of input source flow: the 
direct drainage area of the pond (denoted as Como Park Regional Pond Inlet) and from Gottfried’s Pit.  
The discharge from the direct drainage area is sourced from a 128 acre watershed that is primarily 
residential in land use.  Gottfried’s Pit is a stormwater detention pond that receives runoff from a 522 
acre watershed.  Water is pumped from Gottfried’s Pit and into a storm sewer which flows to the Como 
Park Regional Pond, when the water level of the pit reaches a specific level.  Both types of input source 
flow, as well as overflow from the Como Park Regional Pond (Como Park Regional Pond Outlet), have 
been monitored for concentrations of TP and TSS since 2008, allowing for pollution retention and 
treatment in the pond to be assessed.     
 
Using the data collected at these three monitoring points, an ANOVA test was performed to test the 
significance of monitoring site location and monitoring year in determining TP and TSS concentrations 
in the Como Park Regional Pond.  From the ANOVA test, it was concluded with 95% confidence that 
monitoring site location was highly significant in determining TP and TSS concentrations; however, 
monitoring year was not significant.   
 
Post-hoc Tukey tests indicate the flow resulting from the direct drainage area of the pond had 
significantly higher TP and TSS concentrations, than the flow pumped from Gottfried’s Pit and overflow 
from the Como Park Regional Pond (Figure 11-1).  Also, the Post-hoc Tukey tests showed that flow 
discharging from Gottfried’s Pit and overflow from the Como Park Regional Pond, were not 
significantly different from each other.  This strongly suggests that the primary influx of nutrients and 
sediment flowing to the pond is generated from runoff from the direct drainage area of the pond.   
 
In consideration of the subwatershed conditions for the Como Park Regional Pond Inlet, this conclusion 
is supported because runoff discharging directly through the pond inlet is generated from a residential 
subwatershed that has only a small percentage (7%) of runoff treated by the Arlington Pascal Project 
BMPs.  In comparison, flow to Como Park Regional Pond resulting from water discharging from 
Gottfried’s Pit, has been pretreated by Gottfried’s Pit itself; since the pit was designed to provide 
retention of stormwater.  Thus, pollutant loads discharged in water from Gottfried’s Pit are somewhat 
reduced prior to flowing to the Como Park Regional Pond. 
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Figure 11-1. Paired data from Gottfried’s Pit, Como Park Regional Pond Inlet, and Como Park Regional 

Pond Outlet from 12 different paired storm events (2008 to 2010).   
 
 
To further examine the removal of TP and TSS during storms by the Como Park Regional Pond, paired 
storm data from the pond inlet and outlet were graphed using boxplots.  Data from 31 paired storm 
events taken during the 2008 through 2010 monitoring seasons were used in the analysis; 8 paired events 
in 2008, 13 paired events in 2009, and 10 paired events in 2010.  In each case, TP and TSS 
concentrations were significantly lower in discharge overflowing from the pond than in both types of 
runoff (direct drainage area, pumped water from Gottfried’s Pit) flowing to the pond (Figures 11-2 and 
11-3).  This suggests that the pond is effective at removing both TP and TSS.  In addition, probability 
plots of the data indicated that the runoff generated from the direct drainage area to the pond had higher 
TP and TSS concentrations than the water pumped from Gottfried’s Pit and from overflow from the 
pond (Figure 11-4).  Based on these results, it can be concluded that Como Park Regional Pond is an 
effective BMP for reducing TP and TSS.  
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Figure 11-2. Paired storm comparisons of Como Park Regional Pond Inlet versus Como Park Regional 

Pond Outlet TP concentrations between 2008 and 2010. 
 
 

 
Figure 11-3. Paired storm comparisons of Como Park Regional Pond Inlet versus Como Park Regional 

Pond Outlet TSS concentrations between 2008 and 2010. 
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Figure 11-4. TP (left) and TSS (right) probability plots for all data from 2008 to 2010, separated by site 

(Gottfried’s Pit, Como Park Regional Pond Inlet, and Como Park Regional Pond Outlet).   
 

 

11.2. Arlington-Hamline Facility  
 
Median TP and TSS concentrations of runoff flowing to the Arlington-Hamline Facility, from 2007 to 
2010, did not differ significantly.  Boxplots showed extreme outliers in TP and TSS concentrations.  TP 
concentrations were generally below 1 mg/L and TSS concentrations were below 400 mg/L (Figure 11-
5).   
 

        
 
Figure 11-5. Arlington-Hamline Facility Inlet TP (left) and TSS (right) concentrations from 2007 to 2010.   
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The probability plot of TP concentrations of runoff flowing to the Arlington-Hamline Facility, from 
2007 to 2010, indicated that TP concentrations did not differ greatly overtime.  This is evidenced by the 
high degree of overlap in the probability plot (Figure 11-6).  For TP, 80% of sample concentrations were 
under 1 mg/L.  TSS concentrations were more variable than TP (Figure 11-6).  For both TP and TSS, the 
2010 monitoring year had some of the highest concentrations of TP and TSS ever recorded in runoff 
flowing to the Arlington-Hamline Facility. 
 
 
 

                
 

Figure 11-6. Arlington-Hamline Facility Inlet TP (left) and TSS (right) probability plots for all data from 
2007 to 2010, separated by year. 

 
 

11.3. Underground Infiltration Trenches 
 
Of the eight infiltration trenches installed, two trenches (Trench 4 and 5) have been monitored for water 
quality.  Boxplots show a slight but non-significant trend of increasing TP concentrations in runoff 
flowing to Trench 4 from 2007 to 2010 (Figure 11-7), but no discernible trend for TSS concentrations 
(Figure 11-7).  
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Figure 11-7. Trench 4 TP (left) and TSS (right) concentrations from 2007 to 2010. 
 
 
TP and TSS concentrations of runoff flowing into Trench 5 did not change significantly between 2007 
and 2009 (Figure 11-8).  In 2009, TSS concentrations were skewed toward higher values in comparison 
to 2007 and 2008 (Figure 11-8), but an ANOVA test indicated that the trend was not significant. 
 
 
 

              
Figure 11-8. Trench 5 TP (left) and TSS (right) concentrations from 2007 to 2009. Trench 5 was not 

monitored for water quality in 2010. 
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11.4. Conclusions 
 
The first objective was to assess the effectiveness of the Como Park Regional Pond for removing TP and 
TSS.  Flow from Gottfried’s Pit was found to be not significantly different from the water overflowing 
from the pond; suggesting that the primary source of nutrients and suspended solids comes from the 
runoff generated from the direct drainage area of the pond.  TP and TSS concentrations of runoff 
flowing to and water overflowing from the pond were found to be significantly different.  Based on 
these results, it can be concluded that the pond is an effective BMP for TP and TSS removal; most likely 
through pollutant retention and internal processing.   
 
Results from statistical tests showed that TP and TSS concentrations of runoff flowing to the Arlington-
Hamline Facility, Trench 4, and Trench 5 (from 2007 to 2010), were not significantly different.  The 
datasets show that stormwater runoff entering these systems was not changed significantly in TP and 
TSS concentrations over time, which suggests that localized watershed conditions (e.g. land use, 
pollutant sources) have remained constant over a four-year period.  
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12. Conclusions and Future Work 
 
CRWD assessed the annual performance of BMPs for the Arlington Pascal Project using a water quality 
model calibrated to actual water quantity and quality data collected from the BMPs from 2007 through 
2010.  During that time, CRWD also maintained the BMPs and documented maintenance activities and 
costs for each task.  Using the BMP performance and O & M data, a cost-benefit analysis of those BMPs 
was conducted.  Overall conclusions of that analysis are briefly summarized below.      
 
 

12.1.   BMP Performance Results 
 

12.1.1. Annual Precipitation 
 
Annual precipitation totals varied significantly from 2007 to 2010 ranging from very dry to very wet.  
Considerably more precipitation fell in 2010 than in previous years.  A 24% precipitation increase was 
observed in 2010 (36 inches) in comparison to the National Weather Service (NWS) 30-year normal 
precipitation amount (29 inches).  This increase in annual precipitation equated to substantially more 
stormwater runoff and pollutants flowing to and from the BMPs; as well as, greater amounts of runoff 
and pollutant loads being removed by the BMPs.     
 

12.1.2. Volume Reduction 
 
On average, from 2007 to 2010, 9.3 million cf of stormwater runoff flowed to all Arlington Pascal 
Project BMPs annually (Arlington-Hamline Facility, Como Park Regional Pond, infiltration trenches, 
and rain gardens).  Of that inflow volume, an average 1.9 million cf (20%) was removed each year.   
 
The Como Park Regional Pond has the largest drainage area of all other BMPs, and from 2008 to 2010 
the pond has received the largest quantity of runoff which flowed to all BMPs; 87% of the total runoff 
flowing to all BMPs.  Although the pond received the majority of runoff flowing to all BMPs from 2008 
to 2010, the Arlington-Hamline Facility removed the same proportion of runoff (removed by all BMPs) 
as the pond; 34% of the total runoff removed.  In addition, all runoff which flowed to the Arlington-
Hamline Facility was infiltrated.   
 
From 2007 to 2009, annual volume reduction efficiencies of the Arlington-Hamline Facility, infiltration 
trenches, and rain gardens were all extremely high.  With the exception of the infiltration trenches in 
2007, in which the volume reduction efficiency for the trenches was 99%, the Arlington-Hamline 
Facility, infiltration trenches, and rain gardens had annual volume reduction efficiencies of 100% from 
2007 to 2009.  All runoff which flowed to those BMPs was removed.  The Como Park Regional Pond, 
which was not designed for infiltration but rather for settling, had much lower annual volume reduction 
efficiencies in 2008 and 2009; 9% and 10% respectively.  Annual volume reduction efficiencies, for all 
BMPs from 2007 to 2009, were consistent with annual projected volume reduction efficiencies; which 
are based on volume reductions in a normal precipitation year.     
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In 2010, more stormwater runoff flowed to and was removed by the BMPs than in previous years; 18.9 
million cf and 3.1 million cf, respectively.  These amounts were more than one and one-half times 
greater than the amounts observed in previous years.  Volume reduction efficiencies for the individual 
BMPs, except for the Arlington-Hamline Facility, were lower in 2010 than those observed in previous 
years.  This was likely due to BMP capacities being exceeded by a combination of factors including: 
increased frequency of storm events, greater number of storm events producing high precipitation totals, 
an increased frequency of more intense storm events, and saturated soil moisture conditions.  In 2010, 
the volume reduction efficiency of the pond was 5%, the infiltration trenches 77%, and the rain gardens 
88%.  These were all also lower than the annual projected efficiencies. In contrast, the volume reduction 
efficiency observed for the Arlington-Hamline Facility in 2010 was the same as those efficiencies 
observed in previous years (100%) and was consistent with the annual projected efficiency.   
 

12.1.3. Total Phosphorous Reduction 
 

12.1.3.1.  TP Load Reductions and Removal Efficiencies: Due to Infiltration and Settling of 
Suspended Solids  

 
The average annual TP load in stormwater runoff flowing to all BMPs, from 2007 to 2010, was 176 lbs; 
of which, 82 lbs (47%) was removed through infiltration of runoff and settling of suspended solids.  The 
largest portions of annual TP loads, in runoff flowing to all BMPs, were removed by the Como Park 
Regional Pond and the Arlington-Hamline Facility.      
 
Similar to volume reduction efficiencies observed for the BMPs, from 2007 to 2009, the Arlington-
Hamline Facility, infiltration trenches, and rain gardens had TP removal efficiencies of 100%; except for 
the infiltration trenches in 2007, which had a TP removal efficiency of 99%.  These efficiencies were 
consistent with the annual projected TP removal efficiencies.  In 2010, the TP removal efficiencies were 
lower for the infiltration trenches and the rain gardens; 75% and 83% respectively.  The 2010 TP 
removal efficiency for the Arlington-Hamline Facility remained at 100% since no stormwater 
overflowed from the BMP.         
 
The TP removal efficiency for the Como Park Regional Pond was constant (30%) from 2008 to 2010, 
which was slightly higher than the annual projected efficiency (28%).  Regardless of the total annual 
amount of TP flowing to the pond from 2008 to 2010, it achieved a maximum removal efficiency of 
30% through infiltration and settling.   
 

12.1.3.2.  Cumulative TP Load Reductions  
 
Annual cumulative TP loads were determined for each BMP which incorporated: 1) the annual TP load 
removed through infiltration and settlement of suspended particles, 2) the annual TP load removed 
through the accumulation of gross solids in any pretreatment units, and 3) the annual TP load removed 
through the accumulation of gross solids within the BMP.   
 
On average, 159 lbs of cumulative TP was collectively removed by all BMPs each year.  The majority of 
that amount was captured and removed by the Arlington-Hamline Facility (average 44 lbs per year) and 
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the Como Park Regional Pond (average 110 lbs per year).  Although the infiltration trenches and rain 
gardens removed a much smaller portion, the amount of cumulative TP removed was still significant; 
each year an average 20 lbs and 12 lbs, respectively.  In general, annual cumulative TP loads removed 
by the BMPs, increased from 2007 to 2010.  The annual cumulative TP loads removed by the BMPs in 
2010 were at a minimum, one and one-half times greater than annual cumulative TP loads removed in 
any other year; due to increased loading. 
 
Although annual TP loads removed through infiltration and settling of solids and through the 
accumulation of gross solids in the BMPs and/or any pretreatment units has varied annually and by 
BMP; overall, the majority of annual cumulative TP loads removed by all BMPs, from 2007 to 2009, 
were due to the TP loads removed through the accumulation of gross solids in the BMPs and 
pretreatment units.  From 2007 to 2009, TP loads in gross solids captured accounted for 62% (234 lbs) 
of annual cumulative TP loads removed by all BMPs.  In 2010, the TP loads in gross solids removed by 
the BMPs and pretreatment units accounted for just 29% (73 lbs) of the annual cumulative TP load 
removed.     
 

12.1.4. Total Suspended Solids Reduction 
 
From 2007 to 2010, the average annual TSS load flowing to all BMPs was 70,800 lbs; of which, 57,100 
lbs (81%) were removed through infiltration and settling each year.  The Como Park Regional Pond 
(average of 44,300 lbs) and the Arlington-Hamline Facility (average of 13,200 lbs) removed the largest 
amounts of TSS every year.  The rain gardens removed the smallest load (average of 4,400 lbs), largely 
due to their smaller contributing drainage areas.   
 
From 2007 to 2009, TSS removal efficiencies for the Arlington-Hamline Facility, infiltration trenches, 
and rain gardens were 100%; with the exception of the removal efficiency of the trenches in 2007 which 
was 99%.  In 2008 and 2009, the Como Park Regional Pond also had high TSS removal efficiencies, 
82% and 79%, respectively.  TSS removal efficiencies observed for the individual BMPs from 2007 to 
2009 were all consistent with annual projected results. 
 
In 2010, the TSS load which flowed to and was removed by the BMPs was more than four times the 
TSS loads observed in any other year; 189,200 lbs of TSS cumulatively flowed to the BMPs and 
145,800 lbs (77%) were removed.  Similar to volume and TP efficiency trends, TSS removal efficiencies 
in 2010 were lower than those observed in previous years except for the Arlington-Hamline Facility.  
The Arlington-Hamline Facility remained 100% effective at removing TSS.  The infiltration trenches 
and rain gardens were still effective at TSS removal (82% and 87% respectively).  The pond had the 
lowest TSS removal efficiency of all the BMPs in 2010 (69%); however, it was still effective at TSS 
removal.    
 

12.1.5. Total Solids Reduction 
 
Annual total solids loads were determined for each BMP which incorporated: 1) the annual TSS load 
removed through infiltration and settlement of suspended particles, 2) the annual gross solids load 
removed through the accumulation of gross solids in any pretreatment units, and 3) the annual gross 
solids load removed through the accumulation of gross solids within the BMP.   
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From 2007 to 2010, on average, 224,000 lbs of total solids were removed by all BMPs each year.  The 
vast majority (75%) of that total solids load removed, was due to accumulation of gross solids in the 
BMPs and by the pretreatment units.  However, the proportion of annual loads removed, attributable to 
each component of the total solids load, for each individual BMP varied. 
 
The largest amounts of total solids were removed by the BMPs in 2009 (293,000 lbs) and 2010 (301,000 
lbs).  Annual total solids loads removed by the Arlington-Hamline Facility and the Como Park Regional 
Pond accounted for the largest portions of total solids removed by all the BMPs from 2007 to 2010; on 
average 17% and 63% of the annual total solids load.  The infiltration trenches and the rain gardens 
removed significantly less total solids than the Arlington-Hamline Facility and the pond.  However, the 
annual total solids loads removed by both BMPs were still significant, considering their smaller 
contributing drainage areas. On average, the infiltration trenches removed 29,000 lbs and the rain 
gardens removed 14,000 lbs of total solids annually, from 2007 to 2010.   
 

12.1.6. Meeting 2003 Target TP Load Reductions 
 
Target TP load reductions for the Arlington Pascal Project and for the individual BMPs were set in 
accordance with a TP load reduction goal of 60% for Como Lake.  The TP load reduction goal for the 
entire Arlington Pascal Project was determined to be 77 lbs of annually.   
 
From 2007 to 2010, annual cumulative TP load reductions for the Arlington Pascal Project averaged 159 
lbs per year.  Since 2008, when all project BMPs were operational, individual BMP and project 
cumulative TP load reductions exceeded the 2003 target TP load reductions.  Annual cumulative TP 
load reductions, from 2008 to 2010, were more than one and one-half times the target load reduction.  
The annual projected cumulative TP load reduction for the entire Arlington Pascal Project was slightly 
more than two times the 2003 target load reduction for the entire project.           
 
Since they have been operational, annual cumulative TP load reductions for the Arlington-Hamline 
Facility and the Como Park Regional Pond were more than two times greater than the 2003 target load 
reductions of 12 lbs and 41 lbs, respectively.  The annual cumulative TP load removed by the infiltration 
trenches and rain gardens in 2007 was slightly less than the 2003 target load reduction of 24 lbs.  
However, since 2008, annual cumulative TP load reductions for the trenches and the rain gardens 
exceeded the 2003 target load reductions.  
 
Improvements in the water quality of Como Lake, directly related to phosphorous load reductions by the 
project BMPs, have yet to be extensively studied.  The BMPs may need to be in operation for a longer 
time period before measureable results are observed.  However, the Arlington Pascal Project has been 
proven to be a cost-effective strategy, in comparison to the original proposal, for achieving target 
volume and pollutant load reduction goals.      
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12.2.   BMP Operation and Maintenance 
 
From 2007 to 2010, on average $22,300 and 554 staff hours were spent maintaining the Arlington Pascal 
Project BMPs each year.  Annual O & M costs and hours spent on maintenance, for individual BMPs, 
have varied.  However, O & M costs and total hours spent on inspecting and maintaining the BMPs have 
decreased from 2007 to 2010.  Although the annual O & M cost collectively spent on operation and 
maintenance of all BMPs has only slightly decreased from 2007 to 2010; total staff hours spent on 
operation and maintenance in 2010 was one and one-half times less than the hours spent in 2007.  More 
labor intensive BMP types (i.e. rain gardens) require fewer hours of maintenance as they become more 
established.       
 
 

12.3.    Cost-Benefit Analysis 
 

12.3.1. Volume and Pollutant Removal 
 
Annual volume reduction costs for the entire Arlington Pascal Project from 2007 to 2010 were between 
$0.03 and $0.06 per cubic foot.  The volume reduction cost in 2010 for the entire project was one-half 
less than the annual volume reduction costs for the project from 2007 to 2010.  This was due to 
significantly more stormwater runoff being removed in 2010, than in previous years.  Volume reduction 
costs for the individual BMPs varied annually; individual BMP volume reduction costs were between 
$0.02 and $0.08 per cubic foot from 2007 to 2010.     
 
The 2007 to 2010 annual cumulative TP removal costs for the Arlington Pascal Project were between 
$395 and $1,100 per pound and for the individual BMPs were between $301 and $2,372 per pound.  The 
total solids removal costs for the project and BMPs were between $0.33 and $1.07 per pound and $0.20 
and $2.30 per pound respectively.   
 
The infiltration trenches and the rain gardens consistently had the highest cumulative TP and total solids 
removal costs of the BMPs from 2007 to 2010.  This was due to a combination of the overall lower 
amounts of pollutants being removed (because of their smaller drainage areas in comparison to the pond 
or the Arlington-Hamline Facility) and more intensive O & M schedules. The rain gardens require 
significantly more annual maintenance than the pond and the Arlington-Hamline Facility.   
 
In general, the lowest annual operating costs occurred in 2007 and the highest in 2008.  However, there 
was a decreasing trend in volume reduction and pollutant removal costs from 2007 to 2010 across the 
individual BMPs and the Arlington Pascal Project as a whole.  The highest volume reduction and 
pollutant removal costs occurred in 2007 and the lowest in 2010.   The lower volume reduction and 
pollutant removal costs in 2010 were mostly due to the higher amount of annual precipitation.  Increased 
precipitation in 2010 generated more stormwater runoff and pollutants flowing to the BMPs and also 
allowed for substantially more volume and pollutants to be removed than in any other year.     
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12.3.2. Drainage Area 
 
Additional analysis was also conducted to normalize construction (capital) costs and the 35-year 
projected O & M costs, for the project BMPs and project as a whole, by the contributing drainage area to 
each; as well as, by the amount of each contributing drainage area covered by impervious surfaces.  This 
analysis will serve as a base, moving forward, for other District programs and processes.   
 
The capital costs of all Arlington Pascal Project BMPs were $14,300 per watershed acre and $32,600 per 
acre impervious surfaces.  The 35-year projected O & M costs for all project BMPs were $5,400 per 
watershed area and $12,300 per acre impervious surfaces. 
 
  

12.4.    General Conclusions 
 
Since the stormwater pond became operational, the Como Park Regional Pond has accounted for the 
largest quantity of volume reduction and pollutants being removed of all BMPs.  This is not surprising, 
as the pond has by far the largest contributing drainage area, in addition to also receiving discharge 
pumped from an upstream stormwater pond (Gottfried’s Pit).  Although it has infiltrated the largest 
quantity of stormwater runoff and removed the largest quantity of pollutants, it consistently had the 
lowest performance efficiencies of all BMPs.   
 
The Arlington-Hamline Facility performed consistently, from 2007 to 2010, and had the highest 
performance efficiencies of all BMPs.  All stormwater runoff and associated pollutants that flowed to 
the facility were infiltrated and removed from 2007 to 2010.  The infiltration trenches and the rain 
gardens were also highly effective at removing runoff, TP, and TSS.  Individual volume reduction and 
removal efficiencies were between 75% and 100% from 2007 to 2010.  
 
In general, the BMPs performed as or better than expected.  From 2007 to 2010, all BMPs overall were 
more effective at removing TSS than TP.  Volume reduction and TP and TSS removal efficiencies for 
individual BMPs were consistent with projected removal efficiencies from 2007 to 2010.  Removal 
efficiencies in 2010 were all slightly less than those observed in previous years as well as less than the 
annual projected removal efficiencies.  This was primarily due to higher volumes of stormwater runoff, 
more pollutant loading to the BMPs, and greater volumes of runoff and loads of pollutants being 
removed by the BMPs in 2010 than in the 1995 water year used to simulate annual projected results.   
 
The amounts of gross solids loads and TP loads in gross solids captured by the BMPs and pretreatment 
units were considerable.  From 2007 to 2010, TP loads in gross solids and gross solids loads captured by 
the BMPs and pretreatment units accounted for the vast majority of the cumulative TP loads and total 
solids loads to all of the BMPs.  The value of pretreatment devices in capturing debris and solids is 
substantial, as well as, the value of incorporating gross solids into total solid load estimates.       
 
Volume reduction and pollutant removal costs were directly affected by two factors: fluctuations in 
annual operating costs and fluctuations in the amount of volume reduction and pollutant load reductions 
occurring.  In general, the amount of volume and pollutant load reductions occurring had a greater 
impact on removal costs, than the fluctuations in the annual operating costs.  It is expected that in years 
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with large volume and pollutant load reductions, volume reduction and pollutant removal costs will be 
lower and vice versa.      
 
 

12.5.    Future Work 
 
Monitoring BMPs is essential for determining and tracking overall BMP performance.  CRWD expects 
to monitor the BMPs into the foreseeable future to observe their overall performance throughout 
subsequent years.  This assessment is expected to be published on a bi-annual basis.  During that time, 
CRWD will further explore and research questions and topics that arose during the production and peer 
review stages of this report.  The following is a summary of the questions and topics which may be 
explored further.  

 
 Currently, water quality samples are not taken from the discharge overflowing from the 

underground infiltration trenches.  To better characterize the pollutant removal efficiencies of the 
infiltration trenches, it is recommended that sampling of this effluent be conducted.  
 

 Additionally, water quantity is currently not monitored for that flow which bypasses the BMPs 
altogether.  It is recommended that monitoring of this flow be conducted for use in model 
calibration.   

 
 CRWD will continue to conduct additional research to further characterize the type and amount 

of solids and pollutants removed by the pretreatment devices.  CRWD will also explore other 
methods on how to better estimate the total solids loads being captured within the BMPs (i.e. 
Como Park Regional Pond and rain gardens). 

 
 While this report primarily focuses on BMP performance with regards to volume, TP, TSS, and 

total solids reductions, a full suite of water chemistry parameters were sampled and analyzed.  
CRWD will further analyze water quality data collected to determine additional impacts BMPs 
have on the reduction of other pollutants such as metals and bacteria. 

 
 Due to the high volume reduction efficiency of the Arlington-Hamline Facility, CRWD will 

explore potential modifications to the bypass weir in Arlington Avenue which would allow more 
water to be diverted into the system.  This relatively minimal modification could have great 
impacts on increasing volume and pollutant load reductions.  While it is recognized that other 
modifications may also be made to other BMP structures (i.e. Como Park Regional Pond) to 
improve their performance, those options are not currently being explored.   

 
 CRWD will continue to research comparable volume reduction and pollutant removal 

calculations and costs.   
 

 The amount of volume reduction that occurred collectively by the BMPs was 
substantial.  CRWD and others will work to assess what, if any, affect the infiltrated 
stormwater has on groundwater resources.  This may include documenting what effects the 
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BMPs have on groundwater elevations, groundwater recharge, and/or the quality of 
groundwater.   

   
In future reports, CRWD will incorporate additional performance results and analysis from other 
stormwater BMP structures implemented as part of subwatershed management plans and construction of 
capital improvement projects.     
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