The Stormwater Maze ©
Twisting and Turning to improve water quality
Submitted by:

Terri-Ann Hahn, RLA, CPESC, CPSWQ
October 2009
In 1999, a multi-tenant retail complex known as The Highlands was approved after three years of Town, County, State, and Regional Agency review.  Due to the increased information regarding pollutant loading and data from monitoring of various types of stormwater controls such as detention basins, stormwater wetlands, etc. which was available after 1995, the Highlands was required to be designed with extensive stormwater controls designed to accomplish the following:

1. Improve stormwater quality before pre-developed levels

2. In order to accomplish Item #1 above, there was a general agreement that more than one stormwater element or best management practice (BMP) would be required
3. Provide the required stormwater quantity controls

This presentation will focus on one specific water quality element within the overall system at The Highlands. This BMP (or stormwater management practice (SMP),  we call the Stormwater Maze © due to both its shape and design intent. 
Our Hypothesis
The start of the design included a literature review of the data and design guidelines available at the time.  Most of the available research was from Thomas Schueler and the Metropolitan Council of Governments.  Mr. Schueler also provided the design team with a half day discussion of those studies so we could bounce ideas around before presenting a design to the regulating agencies. Based on the literature review and those discussions, we established our hypothesis or design guidelines:

1. Multiple stormwater features or SMPs could be used in series.
2. The published pollutant removal rates for these Stormwater Management Practices (SMPs) were valid and could be used to estimate annual pollutant load.
3. The pollutant removal rates would continue to be valid, even when used in series.  There would be a diminishing starting point.  For example, we could string together three practices- a  Stormwater Management Practice (SMP#1)  with a 40% removal rate then another  Stormwater Management Practice (SMP #2)  with 40% removal rate and a third SMP (SMP #3) with a 60% removal rate.  The total of these three practices would reduce the pollutant load approximately 76.6% of the original load.
Example: 100 lbs – (100 x 0.4) = 60 lbs - (60 x 0.4) = 36 lbs- (36 x 0.6) = 23.4 lbs



SMP #1
    SMP #2

SMP#3
4. In order to accomplish the required pollutant load, we needed to have at least three SMPs in series which would accomplish the following  pollutant removal rates:
SMP #1
-
40% removal

SMP #2
-
60% removal

SMP #3
-
60% removal

5. There is no perfect SMP.  All the SMPs have positive and negative aspects.  Therefore, a mix of SMPs was required to minimize any potential limitations of a specific SMP.

For Example:
In Controlling Urban Runoff: A Practical Manual for Planning and Design Urban BMPs, Thomas Schueler indicates that Extended Detention Basins have limited pollutant removal due to  potential for resuspension, limited pollutant removal in large storms and may not provide effective use of biological removal processes in the winter.

6. Based on the literature available at the time, the following assumptions were answered to be true:

a. Total Phosphorous removal is generally tied to settling of particulants.

b. Dissolved Phosphorous is approximately ½ of the total phosphorous and requires a larger holding time to remove.

c. 60%-70% of the total suspended solids will settle out within the first 6 hours with up to 80% taking as long as 48 hours. 

d. Smaller storms do not receive adequate detention time under conventional outlet structure designs.

e. Natural wetlands cannot treat higher levels of pollutants.  During a storm event, although the runoff will be treated slightly, a higher % percent of pollutants pass through. On smaller storms where the starting value of the pollutant is less, these systems are more effective.
Based on these assumptions, the design team settled on the following guidelines:

1) Varying SMP in series will increase holding time, address fluctuating volume and higher starting pollutant load levels during large storms and provide increased treatment during smaller storm events.

2) Increased holding time required extensive storage volumes.

3) Just storing the runoff volume would not be enough, additional biological processes should be integrated into the system (biological uptake and adsorption).

With these parameters in place, now we had to convince the New York City Department of Environmental Protection (NYCDEP) and New York State Department of Environmental Conservation (NYSDEC).

The project approval process was a long difficult process for several reasons.  First, stormwater regulations changed significantly in New York State in 1995 with the addition of New York City Department of Environmental Protection (NYCDEP)as a regulatory agency in areas of New York State where reservoirs are located.  Second, New York State Department of Environment Conservation (NYSDEC) published a manual identifying and quantifying Best Management Practices (BMPs) for stormwater quality and quantity control which limited the palette used for design professionals.  Third, the introduction of these Total Maximum Daily Loads (TMDL) limits within watersheds led to the idea that stormwater discharge should and could be quantified like the effluent levels of a wastewater treatment plant (WWTP).  These three concurrent ideas resulted in six complete redesigns of the stormwater system on this project and a six year pre-construction (1999), construction (2000-2001), and occupancy monitoring (2002-2005) of the stormwater discharge from this shopping center.  
Project Description

The project is located on Interstate 84 in the Town of Southeast, NY (generally known as Brewster, NY).  The project consists of 350,000+ SF of retail space (Home Depot, Kohl’s, Michaels, restaurants, bank) in five buildings on 61 acres of land at Exit 19.  The project is approximately 33+ acres of impervious surface or 56% if the site.  The site generally drains to a single location and has limited watershed area beyond its property boundaries except the adjacent street and an existing commuter lot.  For orientation, the site is boarded on the north by NYS Route 312 (an east/west 2 lane collector road); on the west by Independent Way (a local dead end street); on the east by Interstate 84; and on the south by vacant commercial lands, and a Metro North Railroad Station.  The site slopes from a low point along NYS Route 312 to a high point at the Kohl’s building.  Therefore, stormwater runoff goes from south to north with the “design point” located at a 48” culvert which runs under Route 312 to the north.  The project is located within a phosphorous restricted drainage basin where stormwater is regulated by the Town of Southeast, New York, New York City Department of Environmental Protection (NYCDEP) and New York State Department of Environmental Conservation (NYSDEC).
Problem Statement
The goal of the project stormwater design was to create a series of stormwater facilities that would, together, reduce the phosphorous levels of the stormwater exiting the site to a level significantly below the pre-development level.  This requirement was due to the fact that we were proposing a small package WWTP to allow a surface discharge of tertiary treated effluent with a maximum expected phosphorous discharge of 4 pounds per year.  As part of this process, we were required to reduce the pre-development phosphorous level the equivalent of 3 times the future discharge of the proposed WWYP or 12 pounds.
In addition, NYCDEP and NYSDEC had different regulatory requirements for the design of any facilities to be used for water quantity management and quality improvements.  At that time, the first flush, or water quality volume, was defined as:



Agency

First Flush Volume


NYSDEC

First ½ Inch of runoff


NYCDEP

2-Year Storm / 3.5” of runoff
Since the most stringent requirements were NYCDEP, the two-year storm was used as the water quality volume.  This meant that the facility would have to capture and treat significant volumes of water in addition to trying to address the required phosphorous reduction.

Overall Design Layout 
After several interesting alternatives, the design that met both the water quality volume design criteria and pollutant removal criteria was a series of different kinds of stormwater basins so that the stormwater runoff was not captured and treated one or two times, but at least three times before leaving the site.  The final design included a total of 9 different elements totaling over 1,000,000 CF of storage volume and occupying nearly 15 acres of land.

Nearly 70% of the on-site drainage enters the main series or “string of pearls”.  This system consists of three stormwater facilities and two natural systems.  These are known as:


Water Quality Basin #1 (WQB#1)


Water Quality Basin #2 (the Stormwater Maze)


Water Quality Area #2A (the wooded wetlands)


Detention Basin #1 (DB#1)


Existing Stream Corridor to the Design Point (stream)

WQB#1 is an extended detention basin which was originally designed as a dry bottom basin.  This basin was designed to capture and treat the two-year storm volume.  This basin was discharged into the fore bay WQB#2 using a very small pipe (6”).  The fore bay was a deep pool of water which was intended to reduce the velocity of water exiting WQB#1, capture litter and debris from the parking areas, and to provide a slow but continuous discharge into the Stormwater Maze.  The Stormwater Maze was designed as a hybrid between a grass swale and a Stormwater Wetlands 1.  The Stormwater Maze slowed the runoff down and spread it out over a broad flat area.  At regular intervals, the flow changed direction and was intercepted in a series of micropools.  After three turns, the water was directed to a pipe and discharged to an enhanced existing flat wooded wetlands.  After traveling approximately 400’ a berm was used to pool the water and direct it to another pipe.  The pipe discharged into DB#1 which had a permanent pool (10-12’ deep) with substantial storm storage volume above the permanent pool elevation.  Once exiting DB#1, the runoff from the shopping center entered the existing on-site stream, travelled approximately 1,000 feet to another micropool, and exited the site.  The typical storm would take more that 72 hours to discharge through the system.  Although not specifically measured, the system also resulted in a reduction of over 20% of the starting runoff volume.    The overall system was also designed to significantly reduce the post development peak flow rates to below the pre-development level as well as to address improving water quality.  
Our monitoring program indicated that the initial Total phosphorus load for the water entering the systems had a concentration of  0.25mg/l.  By the time it exited the three train system, the typical Total phosphorus level would be 0.02mg/l, a reduction of  90% of the starting Total phosphorus load.  
Stormwater Maze Design
Nestled between two significant wet ponds, the Stormwater Maze © was designed to slow the velocity of runoff within the system down, provide opportunities for biological uptake, eliminate volume by allowing evaporation and infiltration, increase treatment time and to effectively remove 90% of the visible particulates in the runoff before exiting the Maze.

The idea was to connect two detention basins through the use of  a broad vegetated swale that acted as a stormwater wetlands without the larger overflow or storm volume.  A grass swale is most often seen as a mowed swale connecting pipes under driveways along a road.  While a stormwater wetlands is typically a combination low flow system that directs low flow runoff in a circuitous path and that has a high flow stormwater volume ‘above’ the low flow vegetated area. 

 The Stormwater Maze uses the low flow circuitous route without a larger storm-based volume.  Since there were no specific design guidelines for this, we created our own based on the design functions from Schuelers’ Design of Stormwater Wetland  Systems:

1. Treatment Volume (provide micropools)

2. Surface area to Volume ratio (provide as much surface area as possible by widening the flow paths )
3. Length and depth of flow pattern (provide as long a path as possible – length to width ratio of 10:1 was used)
4. Deep water pools (provide a forebay to handle the discharge velocity and micropools )

5. Treatment redundancy (part of overall system) 
6. Off-line design (specifically not used system is completely in-line)

7. And we added one of our own – force the water to change direction in order to slow any velocity and to allow sediment to fall out like an oxbow stream
We interpreted these criteria to create the Stormwater Maze with its various components.  

These components are:

1. Very Small Discharge Pipe from upstream  system
2. Forebay – minimum of 5’ depth
3. Weir from forebay to maze to control flow

4. Straight Sections – 100’ ling and 10’ wide at 0.5% slope, no cross slope
5. First Turn - 180º
6. Micropool – 18-24” depth to allow development of low water vegetation
7. Another Straight  Section

8. Second Turn - 90º
9. Micropool

10. Another Straight Section

11. Micropool
12. Third Turn- 90º
13. Another Straight Section

14. Micropool directing water to the discharge pipe
15. Discharge Pipe

Monitoring Results
As part of the approval process, the owner retained our office to monitor the system using storm and grab samples to determine the effectiveness of the system to remove the required phosphorus load from stormwater runoff from the shopping center.  Four monitoring stations were set up using ISCO samplers.  From 2002-2006, samples were taken at those stations as well as individual grab samples at various locations.  The intent of the overall monitoring program was to generate an annual pollutant load for the project.  One part of that was to look at individual SMPs to see if they performed in accordance with the mathematical model used at the design phase.  Grab samples were taken at the forebay and discharge of the weir to compare the initial and exiting phosphorus and Total Suspended Solids (TSS) levels.  Storm samples were taken, when available to see if the system was affected by the larger storm volumes.
Other Opportunities
The success of the Stormwater Maze in removing TSS and Total phosphorus prompted us  to use it on other projects and to experiment with the various parts within it.  These efforts included:

1. Zimmer Road – The Maze was moved to end of system to provide final polishing.  Discharge was a 24” pipe from a series of two wet ponds.  The change of direction was ‘softened’ and the lengths of the straight sections were reduced to  50’ and 75’.   Due to problems encountered with the micropools at The Highlands, we reduced the depth of the micropools to a maximum of 18”. 

2. Terravest – Moved micropools  to flat sections or “top” of curve.  Used change of grade in curve design to accommodate steeper site conditions.  Reintroduced 100’ flat section – reduced pipe size to 15”.  Reduced depth of micropools to a maximum of 18”.  Both the Terravest and Zimmer Road micropools showed that the decreased depth allow the micropools to “dry out” during extreme low flow periods, thereby avoiding the “phosphorus pulse” which occurred occasionally at The Highlands.  
3. Barrett Hill – The Maze was moved to end of system to provide final  polishing reduced micropool size but provided pools at top and bottom of curve;  increased slope change between flat sections to see if there is a maximum change of grade.  We observed that there is not a maximum slope except that the slope should occur in terraces- with a focused change of grade.  Any slope over 5% should be covered with stone.  The use of any slope over 2% seems to increase the difficulty in providing a broad level plane for the straight sections.  The increased slope resulted in water channeling.             
4. Mount Ebo – Used swale during construction to reduce construction sediments.

Lessons Learned
· Care must be taken to make the straight sections evenly compacted and graded correctly.  Even the smallest obstruction or grade change will result in channeling of water and increase erosion within the maze.
· The micropools must be either deep enough to support themselves(5’) during extreme low flow or shallow enough to dry out (maximum 18”).

· The side slopes should be protected at the “turns”.

· Try to minimize the use of stone on the bottom of maze or side slopes.  This will make the system more attractive to wildlife.  On the other hand, don’t make the micropools big enough or the slopes flat enough that they become attractive to geese.
· The vegetation with the maze will change over time based on the amount of water continuously in the maze.  Bare spots should be reseeded with a variety of different types of seed mixes.

· Do not mow the bottom of the maze.

· The outlet of the maze seems to be the most vulnerable to erosion and destabilization.

· Maintenance and redesign after installation of the maze is extremely difficult.  Due to their location, saturated conditions and the fact they are constantly in flux.  Repairs are costly, requires a  sensitivecontractor and hard labor.  Modern earth moving equipment will destroy a maze.

Conclusions
· The Stormwater Maze © is effective removing Total Phosphorous, Dissolved Phosphorous, and Total Suspended Solids (TSS).
· The effective removal rate is approximately 60% for Total Phosphorous and 60% for TSS

· In order to achieve these removal rates, it is necessary to limit the velocity and volume entering into the system.  A 6” pipe is best, but up to a 15” pipe still works.  The larger the pipe, however, the larger the initial forebay.
· The larger the pipe, the wider the bottom of the swale.

· Although any change of direction can provide some TSS removal, changing directions 180º and providing micropools seems to work the best to deal with larger volumes, velocity, and higher starting pollutant loads.

· It does not seem to matter if the micropool is located at the start of the curve, or the start of the straight sections.

· The Maze should be used as part of an integrated stormwater management system, or as a “finishing” element. 
· The length of the straight sections works best at 100’ but it can go as low as 50’ depending on the drainage area.

· The Stormwater Maze is also effective as a filtering mechanism during construction for TSS levels under 75 mg/l.   Due to the higher starting TSS concentration levels during construction.  It is most effective when used with a flocculent and a larger setting basin at the end prior to discharge.
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