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Executive Summary

The goal of this Stormwater Management Plan (Plan) for Miller Hill Mall is to provide a detailed strategy
for mitigating the impacts of thermally enriched stormwater runoff from the Mall's 50 acres of impervious
parking lot that discharges into Miller Creek.

Following are plan sheets that include the Master Concept Plan, the various features of the Concept Plan,
and a cost breakdown for each feature.
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Concept Master Plan: Stormwater and Interpretive Features

Concept Plan: North Lot Stormwater Features

Concept Plan: South Lot Stormwater Features and Impervious Surface Reduction
Concept Plan: South Lot Impervious Surface Reduction

Interpretive Concepts

Best Management Practice (BMP) Section Concepts

Concept Level Cost Estimate

The Master Concept Plan is discussed in greater detail in Section 5 of this report.
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@ Concept Plan

North Lot Stormwater Features Rain Garden End IIands Tree Trenches
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Benefits:

e Aesthetic improvement to a major mall entrance

e First inch of runoff is infiltrated

® 8% reduction in thermal load from West Outfall to Miller
Creek

* Pond 2 re-vegetated to become “Rain Garden 2"

* Pond 1 expanded and re-vegetated to become “Rain
Garden 2"

* No loss of parking spaces

* More trees throughout the parking lot
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@ Concept Plan Impervious Surface Reduction
South Lot Stormwater Features and Rain Garden _ as Ice Skating R'"k S'te Optlon

Impervious Surface Reduction
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Beneflts.
Aesthetic improvement to a major mall entrance

e First inch of runoff is infiltrated

* 8% reduction in thermal load from West Outfall to
Miller Creek

* 8% Reduction in thermal load from parking lot
drainage to southwest Pond 4 Outfall

¢ More trees throughout the parking lot

e Reduction of ice on ring road near existing Pond 4

e Alternative use space and traffic calming created
through impervious surface reduction.
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@ Concept Plan

South Lot Impervious Surface Reduction
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Benefits:
e Aesthetic improvement to degraded and under utilized
part of the parking lot
¢ Traffic calming through realignment of ring road to re-
flect current driver patterns
e Alternative use space created through impervious sur-
face reduction
Options Include:
e Ornamental plantings
* Picnic space
e Lawn/flex space
e Woodland or prairie restoration
e Dog park
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® Interpretive Concepts

Opportunities for art and interpretation that connect Mall patrons to
Miller Creek and the site features that protect it.
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© BMP Section Concepts

Section diagrams below conceptually represent how BMPs would

treat stormwater runoff on site
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@ Concept Level Cost Estimate

Cost estimates for site enhancements

Concept Level

and Infiltration
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Site Feature Cost Estimate
Phase 1
End Island Rain Gardens in North Parking Lot $380,000
Tree trenches in North Parking Lot $240,000
Mill and Overlay Parking Lot Areas Tributary to Tree Trenches (16,000 SY) $440,000
Tree Planting in North Parking Lot $30,000
Stormwater Cistern at Barnes & Noble's/Dick’s Entrance’ $150,000
Phase 1 Subtotal $1,240,000
Phase 2
Pond 1 Revegetation and Expansion (Rain Garden 1) $100,000
Pond 2 Revegetation (Rain Garden 2) $90,000
Pond 3 Rain Garden and Impervious Surface Reduction (2,200 SY) $200,000
Mill and Overlay Parking Lot Areas Tributary to Existing Pond 3 (12,000 SY) $320,000
Interpretive Signage Throughout the Mall Parking Lot and at Entrances $100,000
Phase 2 Subtotal $810,000
Phase 3
Pond 4 Rain Garden $510,000
Mill and Overlay Parking Lot Areas Tributary to Pond 4 (23,000 SY) $610,000
Tree Planting Areas in Various Locations (other than Northwest Lot) $70,000
Stormwater Plaza at Food Court Entrance including Porous Pavers® $250,000
South Lot Impervious Surface Reduction (47,800 SF) $100,000
Phase 3 Subtotal $1,540,000
Total of All Phases $3,590,000

The cost estimates for the features shown above are based on recent construction projects with similar features.
All cost estimates (except mill and overlay) include 20% for contingency, as well as 25% for engineering design
and construction administration and observation. Mill and overlay costs are included in degraded pavement
areas that would be tributary to a proposed feature. Repaving these areas will lengthen the features’ lifespans.

All costs estimates should be considered concept level costs that could vary greatly (increase or decrease)
depending upon the final design that is pursued.

Construction phasing will depend on several factors: 1) the priorities of South St. Louis Soil and Water
Conservation District and Simon Property Group and 2) the goals and limitations of the funding partners for the
project.

! Assumes that decorative and interpretive features are included in the design of the cistern.

Does not include a tile mural or cistern, but rather other infrastructure like crosswalks, interpretive signage,
and decorative concrete.
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1.0 Background

The Miller Hill Mall is a significant regional shopping destination for people in Duluth and northeastern
Minnesota. It is also one of the largest contiguous impervious sites in the Miller Creek Watershed
(Figure 1), which is impaired for biota due to lack of coldwater assemblage.

Miller Creek is a designated trout stream that is approximately 9.9-miles long with a watershed of over
6,000 acres that is within both the city of Duluth and the city of Hermantown. The draft Total Maximum
Daily Load (TMDL) Study (draft TMDL) has identified heated stormwater runoff as a major contributor to
the creek’s thermal load, which negatively impacts the creek’s native brook trout population. A brief
overview of the draft TMDL Study can be found in Appendix A.

= Miller Creek

Site Location

005 04 02
Miles

BARR

SITE LOCATION

Miller Hill Mall
Duluth, Minnesota

Bart Footer: AreGIS 10 2 2013 08-30 1453 F e L {_Werking mxct User: m a3

Figure 1 Miller Hill Mall located directly adjacent to Miller Creek, a designated trout stream




1.1 Plan Goal and Objectives

The goal of this Stormwater Management Plan (Plan) for Miller Hill Mall is to provide a detailed strategy
for mitigating the impacts of thermally enriched stormwater runoff from the Mall's 50 acres of impervious
parking lot that discharges into Miller Creek.

Of the five factors identified in the draft TMDL that lead to increased stream temperatures, this Plan aims
to incorporate stormwater best management practices (BMPs) that will address three of these factors,
including reduced impervious surfaces, increased baseflow / groundwater recharge, and increased
shading. When referring to BMPs within this Plan, we are referring to green infrastructure features that

manage stormwater.

This Plan objective includes identifying new stormwater BMPs (green infrastructure) for the site that are
prioritized based on pollutant mitigation potential, costs, and Mall priorities. A sub-goal of this Plan, once
the stormwater management practices are installed, is to serve as an example of effective temperature
mitigation strategies for neighboring businesses and the thousands of people who visit the mall every
week, all of whom can play a role in keeping Miller Creek cold enough to sustain its native brook trout
population.

The long term goals of the implementation of this phased Plan include:

1. Retrofitting the Miller Mall Parking lot in a way that mitigates temperature and other non-point
source pollutants.

2. Improving drainage on the Mall property to decrease future flooding and bypassing of the
stormwater treatment structures.

3. Educating mall shoppers about the proximity of Miller Creek to the Mall and their role in
preventing non-point source pollution.

4. Achieving quantifiable progress towards the Mall's Waste Load Allocation for the Miller Creek
TMDL.

1.2 Site History

In order to construct Miller Hill Mall in 1972, bedrock was blasted and redistributed across the site in
order to level a space for construction. Blastrock was pushed down western sideslopes, and the creek was
moved further west. Appendix B-4 contains the results of a desktop geological study that estimates the
extent and depth of the blastrock below the Mall's parking lot.

Figure 2 and Figure 3 show the land use changes around the Miller Hill Mall site between 1939 and 2013.



Figure 2 1939 historic aerial image of the future Miller Hill Mall site overlaid with present
day land parcel information

Figure 3 2013 aerial image of the Miller Hill Mall site




The construction of Miller Hill Mall, along with other commercial developments throughout the area,
changed the way that rainwater travels to Miller Creek. Impervious surfaces create flashier flows during
storm events: higher peak flows, and lower base flows. These events result in higher loads of sediment
and nutrients to the creek, as well as chlorides from road salts applied during the winter months. Also,
asphalt parking lots heat up significantly during the summer months, transferring heat from the
stormwater runoff as it flows across parking lots to Miller Creek. Figure 4 demonstrates how impervious
surfaces change the way stormwater moves through a site.

40% evapotranspiration 30% evapotranspiration

10%
runoff

Hit

llllllllllll
aluf

25% shallow 10% shallow _—
infiltration F infiltration F
25% deep 5% deep
infiltration infiltration
Natural Ground Cover 75%-100% Impervious Cover
Figure 4 Changes in surface runoff as the amount of impervious cover increases (image

from the Federal Interagency Stream Restoration Working Group)

The Mall’s north and south sediment ponds were constructed in 1972 to accept runoff from 54% of the
Mall’s parking lot. In 2005, Miller Hill Mall incorporated several stormwater management features into

its parking lot to comply with its NPDES permit (Appendix C). These features were primarily constructed
to manage sediment and nutrient loads from the Mall parking lot before they reached the creek.

Today, there are three outfalls to Miller Creek from the Mall property:

o  West Outfall—(which includes tributary drainage from Pond 3, Firestone, Ponds 1 and 2, the
North Sediment Pond and some off-site properties, including a portion of Miller Trunk Highway)

e Pond 4 Outfall—(which includes a portion of the Mall’s roof on its western side and a portion of
the Mall’s western parking lot)

e South Sediment Pond Outfall—(which includes the remaining portion of the Mall roof and the
southern parking lot)




The location of these outfalls and their tributary areas are shown in the Concept Plan Figure 1, Figure 2,
and Figure 3, as well as in Figure, below. In this figure, note that the West Outfall location is just
southwest of Pond 3, where the Mall’s small tributary channel meets the main run of Miller Creek.

¥ |Sediment
Pond/f1]

. South
g% Sediment Pond

Sediment
Pond 2

Figure 5 Existing stormwater features and their associated drainage areas at Miller Hill Mall

1.3 Green Infrastructure

Green infrastructure uses vegetation, soils, and other natural processes to manage stormwater near its
source. When green infrastructure is interwoven throughout a watershed, these systems can manage
stormwater in a way that mimics the natural environment by storing and/or infiltrating water. By
integrating green infrastructure into the urban landscape, these systems can provide greater
environmental benefits including flood protection, water quality improvements, air quality improvements,
and habitat. Examples of green infrastructure include:




Rain gardens—small detention and infiltration areas with amended soils that are often planted
with native vegetation (or native cultivars) that are well suited for retrofits or existing
development sites. These BMPs can also be built as filters in areas with poor soils. Larger rain
gardens are sometimes referred to as “Bioretention Basins.”

Photo Credits—rain gardens: Barr Engineering Co.

Tree trenches — angular, load-bearing rock is used with a specified soil mix washed into the rock
after compaction that allows the rock to support traffic and the soil (in the void spaces between
the rocks) to support water uptake through tree roots. These systems both provide a quality
growing medium for trees while also providing stormwater management benefits.




Bio-Swales (including wet, dry, and filter strips) — grass or vegetated channels or strips that
resemble a wide, gently sloping shallow trench that are commonly used in transportation,
agricultural, and residential developments to reduce peak discharges.

Constructed wetlands — constructed to mimic the stormwater benefits of natural wetland
systems, though they are designed specifically for stormwater capture and filtration and do not
typically have the full ecological services provided by natural wetlands

Green roofs — vegetated rooftops that range in size and plantings and reduce stormwater runoff

primarily through evapotranspiration

Photo credit: Green roofs: http.//www.greenroofs.com “Target Center Arena, Minneapolis, MN"

Blue roofs — non-vegetated rooftop structures that detain stormwater, and designed to more
closely mimic natural hydrology of stormwater runoff by temporarily storing water on rooftops

Photo Credit—Blue roofs: www.nyc.gov “Types of Green Infrastructure”



http://www.greenroofs.com/
http://www.nyc.gov/

Permeable pavers — interlocking pavers with crushed aggregate that fills the spacing between
each paver to allow water to infiltrate through the paver system

% -

Photo Credit—permeable pavers: Barr Engineering Co.




2.0 Modeling

2.1 Hydrologic Modeling—XP-SWMM

Information from the topographic survey was used to develop an XP-SWMM (hydrologic and hydraulic)
model for the Miller Hill Mall site that could evaluate how rainfall runs across the site and through the
site’s various existing stormwater features. Flow monitoring data collected by the South St. Louis Soil and
Water Conservation District was used to calibrate the model. Calibrated stormwater flows were input into
the MINUHET temperature model for the site described in Section 2.2

Figure 6 shows the results of the calibration for the “West Outfall” location at the site for a July 29, 2014
storm event.

West Outfall
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Figure 6 XP-SWMM model calibration for the west outfall (near Pond 3) comparing
“Modeled” and “Monitored” flows for a rain event on July 29, 2014




2.2 Temperature Modeling — MINUHET

The thermal impacts of urbanized landscapes on downstream waterways are a function of the flow rate
and the temperature of the surface runoff. The flow rate increases as the amount of impervious surface
within the watershed increases (Figure 4); whereas the runoff temperature is a function of both the
thermal characteristics of land surfaces and the temperature of the rainfall.

In order to understand and then reduce the thermal effects of the thermally enriched stormwater runoff
on Miller Creek, the MINnesota Urban Heat Export Tool (MINUHET) simulation model was used to
calculate the “heat export” for various storm events at the Miller Hill Mall site. MINUHET is a deterministic
model that simulates both the flow and temperature of surface runoff from various land covers. This
model simulates heat transfer processes in upland areas (e.g., watersheds) and through ponds, pipes,
channels, and several other common BMPs.

Stormwater runoff from the Mall has three major outfalls to Miller Creek:

1. West Outfall
2. South Sediment Pond Outfall
3. Pond 4 Outfall

Therefore, to evaluate the runoff from the Mall using MINUHET, the site was divided into the areas
tributary to each outfall. Figure 7, Figure 8 and Figure 9 show the model networks for the West Outfall, the
South Sediment Pond Outfall, and the Pond 4 Outfall, respectively.

To model the heat export in MINUHET, three synthetic storms were used:

e Storml 1.1 inches over 1 hour (approx. a 2-year event)
e Storm 2 3 inches over 1 hour (approx. a 200-year event)
e Storm3 2.8 inches over 24 hours (approx. a 5-year event)

These storms were chosen because they represent scenarios that tend to result in the highest thermal
load from urban stormwater runoff in the hottest part of the summer.

10



Figure 7 Screen shot of the MINUHET model for the West Outfall tributary area of the Miller
Hill Mall site
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Figure 8 Screen shot of the MINUHET model for the South Sediment Pond Outfall tributary
area of the Miller Hill Mall site
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Figure 9 Screen shot of the MINUHET model for the Pond 4 Outfall tributary area of the Miller
Hill Mall site

After the MINUHET models for these areas were calibrated using output from XP-SWMM and the
temperature monitoring data, the existing thermal loads from each outfall area were then calculated for
each of the three synthetic storms. Temperature monitoring was conducted in the same locations as the
flow monitoring, for use in calibrating the MINUHET model. Details on temperature monitoring activities
can be found in Appendix B-2.

The results are shown in Figure 10.
Figure 10 shows that:

e The West Outfall area is the largest thermal source area at the Mall (except for the Storm 1
scenario, in which it is essentially tied for first place, although the amount of heat export for this
scenario is significantly lower than the other two scenarios). This thermal load comes from both

13



the Mall property and offsite areas. 60% of the runoff that reaches the west outfall is from the
Mall property.

e The South Sediment Pond area is generally the second highest thermal load from the Mall. In
general, stormwater ponds tend to warm water before they outflow, but in this case, there are a
few cooling factors that tend to offset this effect in the South Sediment Pond. The pipes that
deliver runoff to the South Pond are helping to cool runoff. They are deep in the ground, putting
stormwater in touch with cool pipe materials before reaching the creek, which mitigates the
higher temperatures that the asphalt transfers to the runoff at the surface of the parking lot. Also,
much of the Mall roof drains to the South Sediment Pond. Runoff from the roof is cooler than
runoff than runoff from the pavement, as roofing materials hold less heat (and therefore, have
less heat to transfer) than asphalt.

e Compared to the West Outfall and South Sediment Pond Outfall areas, the area tributary to
Pond 4 is much smaller and also includes a section of the Mall roof, putting its thermal load
significantly lower than the other areas.

Comparing Heat Export at three Outfalls

250

200
§ 150
=
S
& 100
8
£
9 50
x
]
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§ (]

Storm 1 Storm 2 Storm 3
B West Outfall South Sediment Pond mPond 4
Figure 10 MINUHET Modeling Output: Comparison of thermal loads from the West Outfall,

South Sediment Pond Outfall and Pond 4 Outfall tributary areas across three
synthetic storms
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This information, in combination with consideration of site constraints, was important to help guide where
efforts in retrofitting green infrastructure BMPs across the Miller Hill Mall site should be focused. Using
the calibrated model, and knowing site constraints, different infiltration scenarios could be run and
compared to develop recommendations on the most impactful changes to the site.

Figure 11 shows the MINUHET model results from a series of model runs where a range of stormwater
runoff depths from the West Outfall tributary area is infiltrated via rain gardens or tree trenches in the
north parking lot. After a quarter of an inch of interception, there are diminishing returns on the percent
reduction in heat transport from the West Outfall tributary area.

However, 1 inch of runoff was chosen to be the ideal infiltration target when considering pollutants such
as sediment and phosphorus. It is typical to design green infrastructure BMPs to capture 1 inch of runoff
from tributary areas, given that this depth represents the 90" percentile storm event. This means that if
1 inch of runoff is captured in a rain garden, tree trench, or other feature, then 90% of annual storm
events have been captured by the feature. Also, the first inch of runoff is the most polluted part of the
runoff event, so intercepting this “first flush” is an important goal. Lastly, maximizing the amount of
infiltration in the north (and perhaps west) parking lots is important because, ultimately, options are
limited in the South Sediment Pond tributary area due to the presence of shallow bedrock throughout the
southern portion of the Mall parking lot. Given that the overall thermal wasteload reduction called for by
the draft Miller Creek TMDL is 3%, an 8% reduction in the West Outfall tributary area offsets the limited
capacity for thermal reduction via infiltration elsewhere on the site.
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Reduction of Heat Export from the West Outfall
by Infiltrating the First Part of Storm
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Figure 11 Impact of infiltration in the West Outfall tributary area on percent reduction of heat

transport
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3.0 Planning Meetings and Workshops

Numerous interested individuals and organizations have been involved with the development of this

stormwater management plan. Specifically, the South St. Louis SWCD and the Miller Hill Mall/Simon

Property Group staff have had a series of meetings throughout the development of this Plan with the Barr

Engineering design team and other interested entities to better understand broader community needs

and goals. The following meetings and attendees (organizations listed in parentheses) have occurred since
the start of this project in April 2014:

3.1

April 28, 2014 — project kickoff (Mall, SWCD, Barr)

June 25, 2014 - survey and temperature monitoring (SWCD, Barr)

August 13, 2014 - project check-in (Mall, SWCD, Barr)

February 5, 2015 — status update (Mall, SWCD, Barr)

May 7, 2015 - project update and design workshop planning (Mall, SWCD, Barr)
June 3-4, 2015 — design workshop (Mall, SWCD, Barr, and 7 other organizations)
September 9, 2015 — project funding opportunities (SWCD, Barr, City of Duluth)
September 28, 2015 - educational and art features (Mall, SWCD, Barr)

October 9, 2015 - project funding opportunities (Barr, City of Duluth)

October 13-14 — Minnesota Water Resources Conference poster presentation (Mall, SWCD, Barr)
November 3, 2015 — green infrastructure features in right-of-way (Barr, MnDOT)
December 15, 2015 — draft green infrastructure design review (Barr, City of Duluth)
February 24, 2016 — review of draft Miller Hill Mall Concept Plan (Mall, SWCD, Barr)

Design Workshop

The primary objective of the two-day design workshop (held on June 3 and 4, 2015) was to provide a
project overview to a broader group of stakeholders (including a site walk as shown in Figure 12), discuss

the combination of preferred stormwater features, and brainstorm ideas for inclusion of educational

elements within design, signage, and other opportunities for public art (Figure 13).
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Figure 12 Day 1 of desigh workshop - site walk to allow participants to view the ex