STORMWATER MANAGEMENT

Retrofitting a Major Retail Mall

for Stormwater Volume Reduction

Completed tree trench in Northwest tree grove (Spring 2012).

umerous cities and metropolitan
N areas in the US are faced with the

challenge of trying to meet pollut-
ant reduction goals for Impaired Waters
in fully developed urban areas. Stormwa-
ter projects in urban areas are limited by
extensive infrastructure, established land
uses and little to no vacant land to use for
conventional stormwater projects. This re-
quires the often expensive and disruptive
prospect of retrofitting urban areas to meet
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our water quality goals.

The Ramsey-Washington Metro Wa-
tershed District (District) is a 56-square
mile watershed on the east side of the Twin
Cities Metropolitan area in Minnesota.
The District includes part or all of 10 cities
including the City of St. Paul. The District
has 11 lakes-2 of which are impaired by ex-
cess nutrients (phosphorus). The District
is an urban and suburban watershed (95%
developed), 40% of which is comprised of
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impervious streets, highways, parking lots
and driveways. The District has complet-
ed numerous water quality improvement
projects within its boundaries since 1975.
Although our past projects have been large-
ly successful in removing particulate phos-
phorus from the runoff to our lakes, small
particulate and dissolved phosphorus are a
continuing problem that degrade our lakes’
water quality.




Above: Tree trench with side wall filter fabric (also gets wrapped over the top of the
trench), first course of rock, and perforated pipe. Below: Top layer of rock with soil

being washed into rock.
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Kohlman Lake is at the upstream end
of the four lakes in the Phalen Chain of
Lakes- a significant recreational amenity
in Twin Cities Metropolitan Area. The
Kohlman Lake TMDL (Total Maximum
Daily Load) report, finalized in 2007, calls
for the reduction of phosphorus from both
its watershed and the sediment in the lake
bottom. In monitoring and modeling
Kohlman Lake’s watershed, the District has
identified runoff from impervious surfaces
to be the major watershed source of phos-
phorus - more than 70% of the phosphorus
loading from the lake’s watershed comes

from the 40% of the land area that is high-

ways, streets, parking lots, and driveways.
Even before the Kohlman Lake
TMDL report, the District had already
defined stormwater volume reduction as a
District-wide goal. This required that the
District implement new rules that required
volume reduction on all new construction
and redevelopment, including reconstruc-
tion of highways and streets. However,
we found that this alone would not meet
our phosphorus reduction goals for Kohl-
man Lake within our 20-year time frame.
We still needed to look at retrofitting our
watershed’s impervious areas wherever pos-
sible with rain gardens, infiltration basins
and other feasible best management prac-
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tices (BMPs). In our evaluation of the
Kohlman Lake watershed, one particularly
impervious feature stands out - Maple-
wood Mall. The 70-acre Maplewood Mall
site is located one mile east of Kohlman
Lake. Its parking lot covers approximately
half of the total site and is 97% impervi-
ous. The District determined that retrofit-
ting the Mall parking lot to intercept, filter
and/or infiltrate the first inch of stormwa-
ter runoff would result in a large reduction
in dissolved and particulate phosphorus to
Kohlman Lake.

Process and Goals

In 2008, the District began discussions
with Simon Property Group, the owners of
Maplewood Mall, to explore their willing-
ness to allow the District to retrofit storm-
water BMPs on their property. Simon
Property Group was very interested in the
District’s ideas for their parking lot and was
willing to collaborate. We ultimately de-
veloped an agreement that allowed the Dis-
trict to install BMPs on the Mall’s privately
owned property without purchase of prop-
erty or easements. Obviously, the District
was very concerned about getting adequate
assurance from Simon Property Group that
any installed BMPs would be maintained
and protected. The District ultimately pro-
vided assurance of continued maintenance
of the BMPs and Simon Property Group
provided guarantees of protection and re-
placement if mall building or parking al-
terations were required.

The project was designed to be con-
structed in four phases over several years, as
project funding was made available through
grants and the District’s Capital Improve-
ment Program funds. Phase I of the proj-
ect included installation of large rainwater
gardens at each of the five entrances to the
Mall parking lot from adjacent roads. This
project was completed with District funds
in 2009 and 2010. Phases II and III in-
clude BMPs in the northeast and north-
west quadrants of the Mall. This construc-
tion began in July 2011 and was completed
in June 2012. Phase IV covers the south-
ern half of the Mall property. Construc-
tion began in June 2012 and is expected
to be completed by November 2012. The
total project cost (including design and
construction) will be approximately $6.5
million, of which the District received ap-
proximately 60% grant funding from State
of Minnesota Clean Water Funds and U.S.

www.landandwater.com @



STORMWATER MANAGEMENT

EPA 319 water quality funding. The re-
mainder of the funding is from District’s
Capital Improvement Funds and a Storm-
water Revolving Fund loan.

The goal for all phases of the project
is to infiltrate or filter one inch of runoff
from the Mall’s parking lot. The project is
expected to reduce the overall phosphorus
load from the site by at least 60% and sedi-
ment by at least 90%.

Best Management Practices

In addition to the stormwater treat-
ment goals for the project, one of our de-
sign objectives was to use BMPs that were
at least partially visible to Mall visitors.
Rain gardens were an obvious first choice,
as they are visible, cost-effective and pro-
vide an aesthetic improvement to the site.
A notable feature of the rain gardens im-
plemented at the Mall is the use of sand
trenches “enhanced” with iron aggregate
(5% by weight) that surround the garden
underdrains. The iron has been proven
to attract and hold dissolved phosphorus
as stormwater passes over it, reducing the
concentration of phosphorus in outflow-
ing stormwater by as much as 80%. In
the northwest quadrant of the Mall, an en-
hanced sand filter using this sand/iron ag-

http://www.ams-samplers.com
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Tree trench with trench drain rather than swale. This trench has the class 5 installed,

ready for new asphalt.

gregate mix was also constructed as a part
of the project.

Implementation of rain gardens
throughout the Mall’s parking lot could
only go so far- rain gardens that were big
enough to intercept significant amounts of
stormwater runoff from the parking lot of-
ten required reducing the number of park-
ing spaces, and these opportunities were
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limited. After these opportunities were ex-
hausted, we had to choose a different BMP
that would achieve our treatment and de-
sign goals.

The primary BMPs in the project are
“tree trenches” - rock-filled trenches that
provide opportunities for stormwater in-
filtration as well as rooting space for trees
to grow and take up stormwater, while not

Multi-Stage Sludge &
Sediment Sampling Kit
With the four stainless steel (SST)
12" sampler body sections included
in the kit - a base section and three
sampler body extension sections

- you can make the sampler body
12", 24", 36" or 48" in length. The kit
comes with three 4'SST extensions
that allow you to deploy the
sampler through 12 feet of water
before reaching the sediment. It
also includes a 2"x 12" OD plastic
liner, and two 2" end caps. Liners
are also available in 24", 36" and 48"
lengths.

Collect sludge and sediment core
samples of up to 4 feet in length!
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The cross section illustrates the design of the tree trenches at Maplewood Mall.

taking up parking spaces. Other alterna-
tives like porous pavements were identified
in early concept plans. However, while po-
rous pavers were ultimately used in cross-
walk areas, they were not ultimately cho-
sen to intercept the bulk of the parking lot
runoff. Concerns about the maintenance

costs and longevity of a large expanse of
porous pavers and/or asphalt, its inability
to reduce stormwater volume at the site
(when installed over clayey soils) and its
relative “invisibility” to Mall visitors led us
to choose tree trenches as the primary BMP
for the project.

of the bottom
¢ Improves basin performance
* Simple, automatic, gravity operation
o Works in basins with risers or
sediment traps with spillway

P

basin during construction
e 8 sizes available

Faircloth Skimmer?®
Surface Drains for Sediment Basins

e PVC skimmer floats on the surface, releasing the cleanest water
e Drains from the basin’s SURFACE instead

atent #5,820,751

* Replaces perforated risers and stone outlets as the basin’s drain
¢ Convenient for using a detention basin as a temporary sediment

o Inlet orifice easily adjusted for drawdown requirements

Sizes, flow rates, prices, illustrations, instructions and
SIZING CALCULATOR online at www.FairclothSkimmer.com

(919) 732-1244

J W Faircloth & Son Inc. Hillsborough, NC 27278
(919) 732-1266 Fax
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Tree Trench Design and Performance

The Maplewood Mall tree trenches
utilize a design adapted from tree special-
ists in Stockholm, Sweden that provides a
non-compacted growing environment for
trees planted in highly impervious environ-
ments. This tree trench design differs from
other designs due to both its heavy use of
angular, load-bearing rock (angular gran-
ite), and the fact that a specified soil mix is
washed into the rock after it has been com-
pacted. In this way, the rock can support
heavy traffic, but the soil in the void spaces
between the rocks is non-compacted.

Stormwater from the parking lot is
directed to sump catch basins that are
connected to drain tile (perforated pipe)
laid along a layer of angular granite that
is “clear” (without soil in the void spaces).
The drain tile is flat (0% slope), allowing
water to fill the trench equally. As storm-
water rises to the layer of angular granite
that is filled with soil, water is wicked up
through the soil, watering tree roots from
below. After a storm event subsides, water
slowly drains out of the trench and away
through the greater storm sewer system for
the area or infiltrates into the surrounding
soil.

The dead and live storage levels in the

%ﬁlgrecol )

Native Seed, Plants & Restoration

Native Seed & Plants,-'.
Erosion Control

Stormwater Managemeént
Shoreline Restoration

www.agrecol.com

Ph 608.223.3571 Fax 608.884.4640
ecosolutions@agrecol.com
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trench are set by an orifice and a weir in
an Agri Drain structure that is downstream
of each trench. The orifice and the weir
levels are adjustable, in case the dead and
live storage levels need to be changed in
the future. As shown in the cross section
below, the separation of the granite layer
filled with soil and the clear granite layer
is established with a layer of coir blanket.
For the final phase of the Maplewood Mall
project (Phase 4), the coir blanket layer is
substituted with differently —sized angular
granite layers that form a rock filter.

Below the weir in the Agri Drain struc-
ture, and assuming that no flow is leaving
the orifice, the tree trenches were designed
to hold 0.5 inches of stormwater running
off from the tributary parking lot areas.
However, taking into account that water
will also leave the trenches during a storm
event, the depth of runoff that can fill the
trenches to brimming at the tree grates is
much higher- 2.3 inches, falling at the rate
of a 2-yr, 24-hr event in Ramsey County.

When surcharged, the system outflows
to the existing storm sewer system already
in place within the Mall’s parking lot.
Within a given set of trenches (or “groves”
as we call them), trenches are hydraulically
linked to provide treatment in series. Once
Phase 4 construction is complete in 2012,
approximately 1 mile of tree trenches will
be installed to intercept runoff from 90% of
the Mall’s parking lot. Over 200 trees will
have been planted in the tree trenches (375
total, including rain garden and end island
areas). The selected trees are fast-growing as
well as winter and drought tolerant. The
species include Swamp White Oak, Dis-
covery Elm, Skyline Honey Locust, Ken-
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Above: Main Mall Entrance plaza with rain gardens and
cistern. Inset: Close-up of the interactive cistern feature.

tucky  Cof-

feetree, and Common Hackberry.

We expect this system of tree trenches
to both reduce stormwater volume and
remove sediment and phosphorus from
stormwater in the following ways:

*  Sump catch basins and extended deten-
tion: The most basic way that the tree
trenches will remove pollutants is
through extended detention and in-
let sumps. There are 117 inlet sumps
throughout the tree trench and rain
garden system that intercept the water
coming off of the parking lot, catch-
ing the heaviest sediments before wa-
ter enters the tree trench itself. Each
trench also has extended detention
storage upstream of a l-inch orifice
that holds water back for up to 48
hours (depending on the trench, and
the storm event).

*  Infiltration effect: Most of the existing
soils at Maplewood Mall are highly
compacted silty clay. However, in
some areas, localized lenses of sand
have been uncovered during excava-
tion activities. Some infiltration of
stormwater may occur in these areas
after right after construction, in other
areas, infiltration may occur later, as
tree roots penetrate the subgrade. In
other areas, there may be little to no
infiltration.

o Interception: 375 trees will be planted
in the parking lot by the time Phase 4
of the project is complete. The cano-
pies of 375 trees at maturity, assuming
each is approximately 30 feet in diam-
eter, cover an area of 6.1 acres. Vari-
ous researchers document that tree
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canopies can intercept large amounts
of rainfall over the course of a year.
According to www.treebenefits.com
(a product of the National Center for
Tree Research, US Forest Service), an
American Elm with a 12-inch trunk
can intercept 912 gallons of water in
a single year.

»  Wicking of water into soil in the tree
trenches: As the trenches fill with
stormwater during a storm event, the
water is held back in the trenches up-

Water will wick

up into the soil media, saturating it,

stream of the weir.

making water available to tree roots.
In this way, the soil will act as a sponge
suspended in the upper half of the tree
trench cross section.

o Uptake of water from tree roots: The trees
themselves will take up water through
their roots, removing water from the
tree trenches. This is not something
that we can quantify at present, and is
something that will change over time
as the trees grow.

Public Education

A key component of the project is
public education. The District and Simon
Property Group are very interested in capi-
talizing on the large number of visitors to
the mall to enhance the public understand-
ing of stormwater management and water
quality issues. To accomplish this objective,
we worked with the mall to modify each of
the five mall entrances to add design and
artistic elements to draw attention to our
stormwater management improvements.
Each of the entrance designs includes small
rain gardens, interpretive signage and con-
crete stenciling to simulate the ripples of
raindrops. Two of the entrances will have a
water features that use roof runoff to attract
attention. The main Mall entrance was ex-
panded in size and now includes four rain
gardens, more educational signage, and a
5,700-gallon cistern that can collect up to
0.5 inches of runoff from 0.4 acres (1%) of
the Mall’s roof. Hand pumps allow chil-
dren and adults to pump water from the
cistern to create a simulated rainfall that
triggers water wheels and chimes and then
flows to water rain gardens. A large tile
mural was also commissioned for the main
entrance to the Mall that depicts the prox-
imity of natural and urban environments
within the District.



Monitoring and Maintenance

Runoff from the project site has been
monitored since before construction began
in order to characterize “pre-project” vol-
ume and water quality of the stormwater
leaving the site. Monitoring will continue
after project completion to characterize
“post-project” conditions, and to quan-
tify the effect of the project. On a smaller
scale, we are also monitoring the treatment
performance of one of the larger rain gar-
dens on the site, as well as monitoring the
hydraulic performance of each of the tree
trench groves to maximize their stormwater
retention and infiltration efficiency.

The project will be routinely inspected
and maintained by the District. The Dis-
trict will be working closely with Simon
Property Group to coordinate maintenance
schedules.  Typical annual maintenance
will involve rain garden weeding and re-
placement of mulch as well as sump catch
basin cleaning. Less frequent maintenance
will be completed as needed on the porous
paver areas, tree trimming and tree replace-
ment.

Agency Coordination and Approvals
This project was complex and chal-
lenging due to its size, duration and fund-

Completed tree trench with concrete
swale and curb and tree cage to protect
trees from cars.

ing. Specific construction permit approvals
were obtained by the City of Maplewood,
NPDES Construction Site Permit, and ap-
proval of plans and specifications by grant
and loan funding agencies (Minnesota
Pollution Control Agency, the Minnesota
Board of Water and Soil Resources the
Public Facilities Authority). Also, approval
of plans and specifications was obtained
from the Department of Labor and Indus-
try (MN DLI) to demonstrate compliance
with the Minnesota State Plumbing Code.

The Agency interests were in review of
the BMPs used in the project to insure that
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they were properly designed and would
achieve the objectives for the project. The
City had grading, utility and erosion con-
trol interests. The review by MN DLI was
triggered by the diversion of a Mall roof
drain to our cistern (although the ultimate
review involved the entire project). This
review triggered a number of code issues
(mostly associated with pipe and structure
material selections) that required changes
to the plans and health concerns about the
cistern. A major concern was about loca-
tions where the tree trenches or rain gar-
Since
there were a number of crossings of this

dens crossed potable water pipes.

type throughout the project, plans were
changed to provide solid pipe sections and
to eliminate tree trench and rain garden
sections for 10 feet on either side of any po-
table water line. Various fittings and pipe
materials were also changed. The DLI also
had concerns about the potential for public
contact with the water pumped from the
cistern, so our ultimate design minimized
the potential for contact.

Project Challenges

Simon Property Group staff were very
collaborative and excited about the proj-
ect. They realized that our project would

« Bioretention with
= == Pre-filtration

« Enhanced Filtration
(Ultra-fine Sediment,
Dissolved Pollutants)
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result in a major aesthetic improvement in
the Mall property and at no cost to them.
However, there were several challenges that
are probably common when working with
a large commercial/retail real estate owner.
First and foremost, one of the Mall’s prima-
ry concerns was to maintain the required
parking spaces for compliance with city
ordinance requirements and the require-
ments established in their leases with mall
tenants. This led to innovative designs that
minimized the loss of parking spaces.
Another challenge was the fact that Si-
mon Property Group wasn’t the sole owner
of the Mall parking lot.  In addition to
areas owned by Simon Property Group,

each of the Mall’s major tenants also owns
a portion of the parking lot in front of their
store. Any improvements we wanted to
make in other tenants’ areas had to receive
the approval of that tenant. At times, this
was time consuming and led to significant
project delays.

Another challenge common to retrofit
projects was the presence of many utilities
throughout the site, both active and aban-
doned, that were not always well recorded.
Simon Property Group was not the original
developers of the site, so determining util-
ity locations prior to locates was sometimes
a challenge that resulted in delays and

change orders during construction.

of inlet area!

®m  Base snaps into single wall corrugaled plaic
twbing or shdes into Hickenbatiom or
Frecision underground section

®  Availoble in 4%, 6", or 8° diometer

in 18" or 34" height

Available in green or yellow

Farmer friendly...no need to plant around inlet!

Resists plugging...multi slots, high volume

Improves water quality...filters debris
prior to it entering the drainage system!

Agri Drain

1462 340th Street - Adair, IA 50002
PH: B00-232-4742 - www.agridrain.com
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Public Opinion

Public comments on the project have
been very positive. The only concerns ex-
pressed to date have been related to the
project’s cost and why the District was pay-
ing for an improvement to the Mall prop-
erty. Our main message is that the Mall
was not required to make any changes to
their stormwater management and will
likely not be required to make changes
If the District wanted
to see improvements made, we needed to
facilitate and fund the project. Also, we
found that doing a large scale project at a

in the near future.

single site was more cost effective than do-
ing a large number of smaller, rain garden
projects scattered throughout the District
to achieve the same treatment goals. Lastly,
the educational impact of doing this proj-
ect at such a highly visited location made
this a project that achieved not only the
District’s stormwater treatment goals, but
its goals for public education as well.

Conclusion

This project is intended to be only the
first of many retrofit projects for commer-
cial areas in the District. The successful
completion of this project is key to dem-
onstrating these practices and developing
good working relationships with the busi-
ness community. Success for this project
will be measured by showing we can man-
age stormwater from highly impervious
sites in a cost-effective and aesthetically
pleasing manner. L&W

by Clifton Aichinger, Ramsey-
ashington Metro Watershed
Dist. g Erin Anderson Wenz,
PE., Senior Water Resources
Engr., Barr Engineering Co.

+

For more information contact Cliff
Aichinger, Administrator, Ramsey-Washing-
ton Metro Watershed District, 2665 Noel
Drive, Little Canada, MN 55117, Phone:
651-792-7957, Fax: 651-792-7951, Email:
cliff@rwmuwd.org, Web: www.rwmwd.org.

Latitude 44.031674 N
Longitude 73.020297 W



