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Overview

Micro-storm water depressions allow parking facilities to be designed with smaller storm water control basins by providing small depressional zones of vegetation throughout the facility that act to pretreat anthropogenic inputs of sandy sediments, oils and nutrients, and allow water to either percolate through the soil, evaporate, evapotranspirate through the vegetation or bioremediate within the rhizosphere of the root system before it gets to a the storm water infiltration basin. Most of the pollutant loading occurs in small rain events (less than 0.5 inches/24 hrs) and is acted upon within the micro storm water depressions. In some instances up to 75% of water treatment occurs in the lot, before it gets to the basin. In addition, thermal cooling of the rainwater discharge from the black bituminous should occur. Rain water system lots are unique in that they contain narrow treatment depressions (bioretention cells) surrounded by concrete curb openings filled with water (to a limit based on flooding and safety) and salt-tolerant vegetation composed of grasses, flowers, shrubs and trees placed strategically throughout the lot. The placement of the vegetation is designed to maximize public safety and site lines.

Micro-storm water depressions, and the other integrated components of this rain water system, require programmed monitoring and maintenance. This includes seasonal landscaping maintenance, along with potential monthly trash and grit removal. In addition, the system must be inspected within 5 days of any 10 year storm event or greater (4.5 inches in 24 hours) and corrective actions initiated upon discovery. The rain water depression areas may require intense maintenance initially until plants develop well established root systems that create infiltration channels and fissure, but less maintenance in the long term. The objectives are to meet the MS4 program. This system has been designed to ensure that the retention area is easily accessible for all maintenance operations. Written annual monitoring reports will be necessary.

	Activity
	Frequency

	Water plants
	As necessary during first growing season

	Water trees as necessary during dry periods
	As needed for first five growing seasons

	Re-mulch void areas
	As Needed

	Replace mulch
	Every third year

	Replace diseased trees and shrubs
	As Needed

	Inspect soil and repair eroded areas
	Monthly for first year, after all 4.5 inch storms

	Remove litter and debris
	Monthly

	Add additional mulch to raised planters
	Once every two years

	Prune trees
	As needed to maintain good form and site lines

	Biomass removal
	Fall

	Shrub cutting to ground
	Once every two to three years

	Infiltration measurement
	Yearly

	Sediment recovery at culvert 5039
	As needed or when delta is 6 inches high within 10 feet of culvert end

	Sediment recovery at precast surge basin 5009
	As needed or when delta is 6 inches high within 10 feet of precast floor ends

	Energy dissipation repair of precast floor ends
	Restore as needed

	Trash removal from pond skimmer
	As needed to maintain hydraulic conductivity

	Plant Health Indicators
	Soil testing, plant feeding program

	Basin/swale aeration
	Once annually or based on infiltration data

	Swale sandy deposits removal
	Once in the spring prior to street sweeping

	Mowing
	Bimonthly to annual. See below

	Weed control
	As needed

	Monitoring Report
	Annual


Inspection and General Maintenance

An annual and storm event driven maintenance and inspection program that addresses both routine and non-routine tasks is necessary to ensure that the system functions as designed. This program will require partnering with Office of Environmental Services for recommendations and feedback.  Continuing education of the maintenance staff, adhering to a maintenance schedule and identification of individuals responsible for inspections and support are necessary and will be critical to the systems success. Principal inspection elements will include debris accumulation, erosion damage, vegetative health and infiltration characteristics. Simple practices such as keeping grass clippings away off of the paved surface, spill response, and careful use of chemicals (pesticides and fertilizers) will be needed and set as standards for this areas. Increased attention will be needed for litter and trash pick-up, since it cannot be allowed to wash away into the storm sewer system. Early detection will save money. All areas that require periodic maintenance are designed for access of equipment so that accumulated debris can be easily removed with a minimum of field labor.

Plant Maintenance

The key to using native and cultivar vegetation in any kind of storm water application is to keep the vegetation healthy. Plant health indicators will be used, and are based on vegetative growth parameters, leaf shape and color. All fertilizer applications when indicated by a soil test will require extreme care to prevent loss to the pavement. Due to the high sand content, the recommended fertilizer should be based on an annual site pooled soil sample from a 6 inch core depth, and added, as appropriate from the soil test recommendations. In lieu of a soil test, 200 lbs per acre of a Natural Base (nationally defined as a minimum of 65 percent from natural sources) of an 18-1-8 (NPK) can be applied in areas of declining vegetation. Under no circumstances is a chloride-based fertilizer ever to be used at this site. 

Soil samples for nutrient availability should be collected according to the Geotechnical and Pavement manual section 4-2.04.02. The sample should be sent to the University of Minnesota using the Professional Turf Form and select for  pH, P, K, OM, texture, soluble salts and Ca/Mg ($21.00). A copy of the test results can be sent to Dwayne Stenlund (MS 620) for fertilizer recommendations.

University of Minnesota Soil Test Lab

Rm 135 Crops Research Bldg

1902 Dudley Ave.

St. Paul, MN 55108-6089

Establishment phase for vegetation will include weeding, watering, replacement of plants, and tree/shrub trimming. Planted areas must be weeded monthly during the first two years to prevent invasion of Canada thistle and leafy spurge. After that, spot spraying with no-drift methods or wick application once or twice a growing season to limit seed production of Canada thistle and other state listed noxious weeds may suffice. Buckthorn and purple loosestrife must be removed as it occurs. All applicators must be certified in A, E, and J categories as defined by the Department of Agriculture. The herbicide must be specific to the weed, with no chance of translocation to tree roots. Contact Dwayne Stenlund or Paul Walvatne (651-284-3793) for chemical selection approval prior to any herbicide application. Regular tree watering will be necessary during dry spells. Mowing responsibilities will be necessary on the formal sodded areas near the entrance and along some curb lines. The area with blue fescue will need only one mowing per year, and can be skipped some years if pressed for time. Cutting or mowing and harvesting of native grasses within the infiltration basin, grassy swale, and bioretention basin (15B, 25B, and 26B) will be needed to simulate a burn program, but on a 3 to 5 year schedule. Selected grasses and flowers in depressions and planting beds should be pruned to the ground annually. The harvested biomass should be composted or used as erosion control mulch. All tree pruning will follow the MnDOT or other certified arborist procedures that create proper closing of the cut scars to prevent hazard tree formation. No oak pruning unless due to storm damage shall occur once leafed out, especially in April, May and June. All cuts made to the oak trees during the leaf out stage shall be sprayed within 15 minutes of the cut with a latex paint. Every two to three years the shrubs should be cut to the ground line to reinvigorate low shoot growth and to limit upward spreading.

Micro storm water depressions

	Plant Type
	Plan Key
	Maintenance

	Black ash
	BA
	Annual Pruning for shape

	Spirea, ‘Gold Flame’
	S
	Topping

	Daylily, Stella D’Oro
	DLS
	Biomass removal

	Little bluestem
	LBS
	Biomass removal

	Feather reedgrass, ‘Karl Forester’
	KF
	Biomass removal

	Black-eyed susan
	BES
	Biomass removal


Storm water Infiltration Pond

	Plant Type
	Plan Key
	Maintenance

	Honeysuckle, Dwarf bush
	DBH
	Topping

	Black ash
	BA
	Annual pruning for shape

	Crab Apple, ‘Indian magic’
	CA
	Disease pruning

	Daylily, Leebea orange crush
	DLL
	Biomass removal

	Little bluestem
	LBS
	Biomass removal

	Feather reedgrass, ‘Karl Forester’
	KF
	Biomass removal

	Spirea, ‘Gold Flame’
	S
	Topping

	Burning Bush
	BB
	Careful pruning

	Austrian Pine
	AU
	Check for disease

	Ponderosa pine
	PP
	Check for disease

	Daylily, Stella D’Oro
	DLS
	Biomass removal

	Black eyed susan, ‘Goldstrum’
	BES
	Biomass removal

	Basin Slope Turf
	25B
	Rotational mowing

	Upland Turf
	15B
	Rotational mowing

	Sugar Maple
	SM
	Annual pruning for shape

	Basin Bottom Turf
	26B
	Rotational mowing

	Blue Fescue
	Fescue
	Annual mowing


Island Planters

	Plant Type
	Plan Key
	Maintenance

	Black ash
	BA
	Annual pruning for shape

	Crab Apple, ‘Indian magic’
	CA
	Disease pruning

	Ponderosa pine
	PP
	Check for disease

	Japanese tree lilac, ‘Ivory Silk’
	JTL
	Check for disease damage

	Hackberry, common
	CH
	Annual pruning for shape

	Black eyed susan, ‘Goldstrum’
	BES
	Biomass removal

	Spirea ‘gold Flame’
	S
	Topping

	Little Bluestem
	LBS
	Biomass removal

	Feather Reed Grass ‘Karl Forester’
	KF
	Biomass removal

	Little leaf linden “shamrock’
	BW
	Annual pruning for shape

	Daylily , Stella D’Oro
	DLS
	Biomass removal


Upland Perimeter

	Plant Type
	Plan Key
	Maintenance

	Black ash
	BA
	Annual pruning for shape

	Crab Apple, ‘Indian magic’
	CA
	

	Bur Oak
	BO
	Winter Protection from snow piles

	Austrian Pine
	AU
	Check for disease

	Ponderosa pine
	PP
	Check for disease

	Hackberry, common
	CH
	Annual pruning for shape

	Fescue, blue
	BF
	Annual mowing

	Sod, Type Lawn
	
	Regular mowing, fertilizer


Entrance/Exit & Frontage Area

	Plant Type
	Plan Key
	Maintenance

	Sod, Type Lawn
	
	Regular mowing, fertilizer

	Blue Fescue
	
	Annual mowing

	Sod, Type Erosion
	
	Regular mowing, fertilizer, sand removal

	Black Ash
	BA
	Annual pruning for shape

	Austrian Pine
	AU
	

	Daylily, Stella D’Oro
	DLS
	Biomass removal

	Little Bluestem
	LBS
	Biomass removal

	Feather Reed Grass, ‘Karl Forester’
	KF
	Biomass removal

	Spirea, ‘Gold Flame’
	S
	Topping

	Black-eyed susan, ‘goldstrum’
	BES
	Biomass removal

	Honeysuckle, Dwaft Bush
	DBH
	Topping

	Daylily, Leebea Orange Crush
	DLL
	Biomass removal

	Dwarf Burning Bush
	DBB
	Careful pruning

	Burning Bush
	BB
	Careful pruning

	Crab Apple Tree, ‘Indian Magic’
	CA
	Annual pruning for shape, check for disease

	Sugar Maple
	SM
	Annual pruning for shape

	Bur Oak
	BO
	Winter Protection from snow piles


Grit, Sediment, and Trash

Maintenance will be required. Grit and other fine material will plug up the micro-storm water depressions. The exact frequency of grit and trash removal cannot be predicted until the system is operational. The amount of sand used and sand contributed by vehicles during the winter and debris inputs from the users will determine the frequency. Records of sweeping frequency and amounts collected must be documented to create pickup program and loading data. It is expected that certain months will require more monitoring and cleaning than other months. One of the biggest problems is from the dumping of used cigarettes, and the leaching of nicotine chemicals and derivatives on root growth and development. 

Pavement Sweeping Program

The best way prevent grit from becoming a problem is to remove as much of it as possible from the pavement by sweeping periodically, based ultimately on data collected over time. The area will be swept in the spring and should be done at the first opportunity following snowmelt (April) and in the fall (Oct/Nov) after leaves have dropped. Monthly sweeping for leaf and debris removal, with some focused manual attention on areas when and where debris accumulates  may be warranted based on the monitoring program (Monthly or after a 2.5 inch storm in 24 hours). Periodic sweeping in the winter months is also recommended if feasible, and especially during unusual and warmer than normal winters (e.g. 2001-2002).

	Time
	Surface/CB Location MSWD #
	Amount collected

	Winter months
	
	

	April (snowmelt)
	
	

	May/June
	
	

	July
	
	

	Aug/September
	
	

	October/November (leaf removal)
	
	


Micro-storm water depressions Program

It is expected that the soil surface will fill in and surround the designed vegetation with annual grasses like green foxtails and foxtail barley. Grit and water transported debris will settle into these depressions. Under ideal conditions, this material would be vacuumed with a Vactron style machine. The same machine would be used to remove debris in the overflow catch basin pipe and from the energy dissipator at the storm water infiltration pond inlet. During the monitoring cycle, each CB will be examined for debris plugging, and removed as necessary.

Once per year, several depressions will be monitored for infiltration characteristics by a portable double ring infiltrometer (www.turf-tec.com: IN2-W) or a standing hole. Several CB inlet filter fabric materials will be tested (a modified Catch-All) for filtration and capture. A trial for maintaining infiltration will be performed based on standards developed using Chitosan acetate, a natural flocculent (Hild and Associates) to maintain infiltration capacity. This would be added once per year as a broadcast powder and dosed according to the volume of the depression (25 percent pore space), bulk density of the soil and change in infiltration flow.

Every 10 years, one third of the engineered infiltration soil will be replaced by use of an air spade between the first order laterals of the trees. If white crusting of the surface soils is apparent (due to excessive sodium chloride deposits), the infiltration depressions will require flushing with water during years with dry spring rain patterns.

Grassy Swale

Sandy deposits from deicing operations should be hand or mechanically broom lifted from the sodded edge strip prior to plant emergence each spring as part of the street sweeping program. The ditch swale should be inspected annually for rill or other damage that contributes to soil detachment. These areas need stabilization (soil filling, seeding and mulching) as detected. If sandy deposits end up in the swale, they should be removed during vacumming operations for the micro-storm water depressions. This area will require mowing once per year for the first 5 years after planting. It is expected that this area will be aerated when the Krueger Infiltration Basin is aerated.

Bioretention Basin Swale

Other than spot mowing and wick application control of noxious weeds, little maintenance is expected in this basin swale. The main method of nutrient, heavy metal and organic carbon sequestration will be by root uptake by the black ash trees. Over time, evapotranspiration by the woody components planted along the edges will play a significant role in water removal from the basin swale. As the tree canopy closes with time, the turf diversity will decline and successionally change to more shade tolerant species. The first 5 years will require an annual mowing with mulch removal to a compost facility or for erosion control/turf establishment. It is expected that this area will be aerated when the Krueger Infiltration Basin is aerated. Sandy sediment deposits from deicing operations should be removed annually as noted in the annual inspection monitoring report. This may be accomplished by light mechanical sweeping of the vegetation in the spring prior to plant emergence.

Storm Water infiltration Basin

The basin is long and narrow. It was used to for sediment collection during construction, and will have silts and clay plugging deposits. It is expected that an as-built survey will be created to document the true starting volume. The width is narrow enough to allow an excavator to work along the east side and remove deposited sediment, even when all land is finally developed. In most cases the basin will never fill up to one-half the designed capacity to warrant a complete cleanout. Instead, the basin inlet may form a sediment delta that should be removed by Vactron technology, a small excavator, or by hand labor excavation. The outlet control structure will require annual examination, and after every 4.5-inch storm event to make sure the structure is working properly. All trapped debris must be removed when 24 hours of discovery, or within a written work schedule or work order (typically within 7 days). All damaged turf will be replaced with one of the three MnDOT seed mixes or their functional equivalent. The land area 20 feet above the normal short term high water line to the basin bottom will be reseeded to a wet turf mix (25B/26B, or 310NWT). Any disturbance to the upland buffer shall be repaired using an equivalent native seed mix of 15B or 350NGR. Sod can be replaced as sod or turf grass seed (260CT) and Category 1, rapid degrade erosion control blanket.

Once per year, three random spots will be monitored for infiltration characteristics by a portable double ring infiltrometer (www.turf-tec.com: IN2-W) or a standing hole. When a 50% reduction is measured from an average of three readings in the basin bottom from the baseline established after construction, an aeration operation will be performed. A solid tine aerovator is available from MnDOT Maintenance, and requires a tracked low PSI footprint machine with a PTO and a three point hitch. If after several months after aeration infiltration has not been restored, aeration will be repeated with a chitosan acetate application This would be added once per year as a broadcast powder and dosed according to the volume of the basin to 6 inches (25 percent pore space), bulk density of the soil and change in infiltration flow. If this fails to restore infiltration, a soil sample will be collected for particle size distribution analysis. Based on these results, portion of the basin bottom may have to be excavated and replace with a granular sand segregated borrow in excavated trenches. Access to the basin will be from areas next to black ash as the overstory (typically from the SE off the parking lot). Black ash roots will not be significantly impacted under a tracked machine. Any branches damaged by this operation will be pruned to allow proper wound closure.

Snow Removal and Storage

Care must be taken to not use the micro-storm water depressions as a first line of snow storage. Every effort has been made for snow storage around the edges between the individual tree landscaping. During years of poor snow cover, effort should be made to add snow to limit desiccation of the plant materials. The engineered soils with high sand-to-sand grain contact should not appreciably change in bulk density with snow loading. In all cases, care must be exercised to prevent bark and branch damage by equipment and ice sheet cutting during movement. Especially sensitive to bark damage from ice plow sheets are the crab apple trees and bur oak when young. It is not advisable to store snow residues adjacent to the pavement and the basins.

In this park-ride finding room to store snow outside of the micro storm water depressions will not be a problem for quite a few years. Depending on parking demand, snow can be piled into vacant stalls for the first year or two. In addition, snow will also be able to be stored in the vacant property reserved for the County facility between the swale and the infiltration basin. 

While road salt can contribute to diminished performance of the bioretention and infiltration areas, most salts are held in suspension (remain water born) and are flushed through the system during normal years. If possible sodium chloride substitutes, like potassium chloride or magnesium acetate should be used. 

Main pedestrians’ walkways are well defined, and pedestrians will be discouraged from cutting through the detention cells by utilizing flyers to educate the users of the system and use temporary orange snow fencing where appropriate.

