
1617 Hendry Street, Suite 416, Fort Myers, Florida 33901-2947  •   phone: (239) 334-8866     fax: (239) 334-8878
e-mail: bill@spikowski.com     web: www.spikowski.com

MEMORANDUM
TO: Fort Myers Beach Local Planning Agency
FROM: Bill Spikowski
DATE: December 5, 2006
SUBJECT: Neighborhood Flooding — December 12, 2006

A discussion has been scheduled for your December 12th meeting about potential stormwater
changes to the land development code (see attached memorandum from David Sallee and Jack
Green).

Poor drainage is a serious problem at Fort Myers Beach, despite seemingly ideal conditions for
drainage: naturally porous sandy soils, and a narrow island where every property is close to a
discharge point for stormwater (tidal water).

Stormwater requirements for a new development are virtually the same as those that apply in
unincorporated Lee County and throughout the South Florida Water Management District.
Stormwater detention basins, either lakes or dry depressions, are created to store rainfall so that it
can be released slowly in order to mimic the behavior of undisturbed land. 

These requirements are generally adequate for larger developments but were never designed to deal
with existing neighborhoods created prior to modern stormwater requirements.

Trying to apply similar requirements to existing neighborhoods fails in two ways:
# Where lots are fairly small (less than ½ acre), there isn’t room on individual lots for

stormwater basins.
# Where the drainage system for the entire neighborhood is inadequate (or non-existent),

detaining rainfall for a few hours doesn’t prevent flooding because the problem is a lack
of neighborhood-wide drainage that cannot be solved by individual lot owners.

The town has addressed drainage problems in two ways:
# Through minor public works projects, which have been completed or are in planning

stages for Palmetto Street, Lenell Road, Santos Road, Primo Drive, Lanark & Lauder,
Bayland area, Matanzas Street, Miramar Drive, Pearl Street, St. Peter’s Drive, Andre Mar
Drive, Gulfview/Bayview/Strandview area, Mid-Island Drive, and Laguna Shores
(Buccaneer Drive, Lagoon Road, Redfish Road, and Starfish Circle). Future drainage
projects are also being considered for Sabal, Coconut, Pearl, and Miramar. See Section 6
of the Evaluation/Appraisal Report for details (copy attached).
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Attachments:
– Memorandum of November 9, 2006 from David Sallee and Jack Green
– Draft Evaluation/Appraisal Report, Section 6 on Stormwater Management
– Land Development Code, §§ 6-14 and 34-2017
– “Enhanced Parking Lot Design for Stormwater Treatment” by Betty Rushton, Ph.D.
–  Manufacturer’s literature from Invisible Structures Inc. on their “Grasspave and “Gravelpave” products

 

# Through the land development code, particularly § 6-14 and § 34-2017 (copies
attached). 

The neighborhood flooding rules in § 6-14 were adopted in April 2005 after an
exhaustive search of the stormwater literature for useful ideas from other communities.
In the absence of a good model, these rules were created for the town to take advantage
of Estero Island’s porous soils to infiltrate rainfall directly into the ground. This technique
not only keeps stormwater from flooding nearby properties, but excellent treatment is
provided as the water moves through the soil. These new rules are triggered whenever a
lot owner adds gutters or fills a lot to raise its elevation six inches above adjoining lots.
Town staff will be available to comments on their experience implementing this rule and
may be able to offer suggestions for improving it based on that experience

The rules for parking lot surfaces in § 34-2017 were rewritten in 2003 to encourage the
use of porous paving materials such as specially formulated asphalt and concrete, gravel,
or even grass surfaces that are stabilized with turfblocks or cellular paving systems. These
surfaces allow parking lots to infiltrate rainfill directly into the ground rather than
collecting it, detaining it, then trying to route it to an acceptable outfall. Some literature
on this subject is attached.

For further information on stormwater issues, please refer to these web sites:
— Low Impact Development Center:  www.lowimpactdevelopment.org/research.htm
— Stormwater Manager’s Resource Center:  www.stormwatercenter.net
— Center for Watershed Management:  www.cwp.org/stormwater_mgt.htm
— Florida Stormwater Association:  www.florida-stormwater.org/publications.htm
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concentrations were also measured in rainfall.  Ammonia reflects almost the same pattern as 
nitrates except it exhibits about the same concentration as nitrate in the strand and pond and 
measures higher concentrations in the basins paved with asphalt.   At least some of the higher than 
expected ammonia concentrations in the strand and pond can be attributed to stagnant conditions 
since they seldom discharged.   The lowest concentrations of organic nitrogen were measured in 
rainfall and the basins without a planted swale and concentrations are highest in the strand and 
pond. 
 

 

 
 
Figure 2. Comparison of median water quality concentrations at the outflows of the various 
elements of the stormwater system.  See Figure 1 for sample locations.  Abbreviations: 
STR=strand, DRA=under drain, POND=pond.   
 
Phosphorus concentrations (Figure 2) were much lower in rainfall and only somewhat higher than 
rainfall in the basins without planted swales (F1, F2).  The highest concentrations of phosphorus 
were measured in basins where runoff had traveled through grassed areas (F3, F4, F5, F6, F7, F8) 
and in the vegetated strand.  Even higher concentrations were measured in the under drain and in 
the pond.  These may have been caused by mulch that was applied when the pond and strand were 



IN Proceedings of 9th International Conference on Urban Drainage, September 8-13, 2002 EWRI/IWA/ASCE 

 9

constructed and by the filter material used in the under drain when it was installed.  Some metals in 
runoff reflected the type of paving material over which it traveled as illustrated in Figure 2 with 
iron.  Iron, manganese, lead, copper and zinc were measured at concentrations over twice as high 
in the basins paved with asphalt (F1, F2, F7, F8) compared to the basins paved with concrete 
products. Total suspended solids were also higher in basins paved in asphalt, although TSS was 
measured at low concentrations at the site. 
 
Water Quality Loads - A more reliable measurement than pollutant concentrations for 
understanding the impact of stormwater on receiving waters is to evaluate pollutant loads.  
Pollutant loads include in the calculations both the volume of water discharged and the 
concentration of pollution measured.  The most effective method for reducing pollutant loads is to 
retain runoff on site and allow time for infiltration and evaporation as well as for chemical, 
biological and hydrological processes to take place. The positive effect of the low impact design 
features is demonstrated with summary data in Table 4.  Higher runoff volumes were discharged 
from the basins without swales (F1,  F2), consequently they usually had much higher loads for all 
the constituents except phosphorus.   In contrast the basins with larger garden areas (F7, F3, and 
F5) had much lower runoff volumes (Table 4) demonstrating the value of recessed areas for 
infiltration to occur in much the same manner as it did before development.  Although it is 
important to reduce pollutant concentrations, it is an even better strategy to reduce runoff volume 
using low impact concepts. 

 
Load efficiencies were calculated to quantify how much pollutant loads can be reduced by 
infiltration with vegetated depressions (Tables 5a and 5b).  The low impact design produced 
significantly reductions for most constituents, especially in the basins with larger garden areas 
(Table 5b). The basins paved with porous pavement had the best per cent removal, with most 
removal rates greater than 75%.  Phosphorus was a notable exception to this pattern of increased 
efficiency in basins with swales.  Higher phosphorus loads were discharged from basins with 
vegetated swales than from the basins with no swales.  This might be expected since there is not 
much phosphorus in rainfall, asphalt or automobile residues, but there is phosphorus in vegetation 
and especially in soils.  Also total nitrogen was not removed as well as other pollutants. As almost 
all runoff was retained on site, these were not  serious problems. 
 
In general, removal efficiency was much better for the first year than for the second year.  This is 
probably the result of more rainfall and runoff during the first year (see Table 1), or perhaps, the 
storage capacity in the swales had been decreased by the second year as a result of increased 
vegetative mass when the grass in the swales was replaced with shrubs.  Reduced efficiency was 
most noticeable in the asphalt basin with a swale (F8). In contrast, efficiency of total nitrogen was 
usually improved during the second year especially in basins with larger garden areas.   Some of 
the poor reduction in phosphorus loads may be attributed to landscaping practices since high  
concentrations, some greater than 1 mg/L, were sometimes measured in the basins with swales 
during the spring. 
 
Additional infiltration capacity such as porous paving or larger garden areas (F5, F3, F7) improved 
efficiency, indicating both infiltration and more mature vegetation can improve total nitrogen 
efficiency (Table 7b).  Better efficiency was most evident in the basin with porous pavement and 
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both a swale and larger garden area (F5).  This basin (F5) reduced by over 80 percent almost all 
constituents except phosphorus. Eighty percent removal of pollutant loads, especially for TSS, is a 
state water quality goal. 
 
Table 4. Yearly constituent loads for the basin as calculated for each pavement type *. 

Constituents units Asphalt no 
swale 

 

Asphalt with 
swale 

 

Concrete with 
swale 

 

Porous with 
swale 

 
  YR 1 YR 2 YR 1 YR 2 YR 1 YR 2 YR 1 YR 2 
  F2 F8 F4 F6 

Ammonia kg/ha-yr 0.43 0.38 0.23 0.22 0.12 0.19 0.08 0.06 
Nitrate kg/ha-yr 0.61 0.74 0.34 0.58 0.36 0.58 0.21 0.29 

Tot. Nitrogen kg/ha-yr 1.58 1.77 0.73 1.56 1.33 1.64 0.92 0.80 
Ortho Phos. kg/ha-yr 0.19 0.11 0.54 0.36 0.54 0.48 0.34 0.28 
Total. Phos kg/ha-yr 0.34 0.20 0.66 0.51 0.55 0.63 0.33 0.35 

TSS kg/ha-yr 58.61 29.12 32.79 7.31 12.76 15.43 5.11 20.83
Copper kg/ha-yr 0.033 0.031 0.025 0.027 0.009 0.013 0.006 0.006

Iron kg/ha-yr 1.396 0.994 0.667 1.150 0.228 0.165 0.107 0.132
Lead kg/ha-yr 0.017 0.009 0.007 0.007 0.004 0.002 0.003 0.009

Manganese kg/ha-yr 0.041 0.029 0.024 0.025 0.013 0.007 0.003 0.029
Zinc kg/ha-yr 0.147 0.098 0.079 0.083 0.056 0.049 0.036 0.057

  F1 F7 F3 F5 
Ammonia kg/ha-yr 0.57 0.47 0.11 0.10 0.08 0.08 0.11 0.09 

Nitrate kg/ha-yr 0.72 0.81 0.19 0.27 0.26 0.37 0.15 0.16 
Tot. Nitrogen kg/ha-yr 1.86 2.04 1.07 0.69 1.15 0.93 0.53 0.39 
Ortho-Phos. kg/ha-yr 0.15 0.14 0.15 0.15 0.31 0.35 0.06 0.06 

Tot. Phosphor kg/ha-yr 0.28 0.25 0.21 0.21 0.37 0.42 0.07 0.08 
TSS kg/ha-yr 52.28 37.06 8.68 16.33 4.47 3.41 4.26 3.99 

Copper kg/ha-yr 0.042 0.039 0.008 0.010 0.008 0.008 0.003 0.003
Iron kg/ha-yr 1.805 1.361 0.227 0.287 0.156 0.086 0.114 0.076
Lead kg/ha-yr 0.018 0.010 0.002 0.003 0.003 0.002 0.001 0.001

Manganese kg/ha-yr 0.042 0.031 0.007 0.008 0.004 0.003 0.003 0.002

Zinc kg/ha-yr 0.174 0.115 0.037 0.032 0.042 0.032 0.020 0.016

*  For missing data, which occurred in the basins with swales, a median water quality value for the measured rain event was used in the 
calculations. 
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Table 5a.  Load efficiency (%reduction) of pollutants for the even numbered basins as 
compared to Basin F2 (no swale). 
  

Constituents  
 
Asphalt with swale 

F8 

 
Concrete with Swale 

F4 

 
Porous w/swale 

F6 
 
 

 
YEAR 1 

 
YEAR 2 

 
YEAR 1 

 
YEAR 2 

 
YEAR 1 

 
YEAR 2 

 
Ammonia 

 
46% 

 
42% 

 
73% 

 
49% 

 
85% 

 
75%  

Nitrate 
 

44% 
 

21% 
 

41% 
 

22% 
 

66% 
 

60%  
Total Nitrogen 

 
4% 

 
12% 

 
16% 

 
8% 

 
42% 

 
55%  

*Ortho Phosphorus 
 

-180% 
 

-230% 
 

-180% 
 

-337% 
 

-74% 
 

-153%  
*Total Phosphorus 

 
-94% 

 
-157% 

 
-62% 

 
-216% 

 
3% 

 
-77%  

Suspended Solids 
 

46% 
 

-11% 
 

78% 
 

78% 
 

91% 
 

71%  
Copper 

 
23% 

 
14% 

 
72% 

 
60% 

 
81% 

 
82%  

Iron 
 

52% 
 

-16% 
 

84% 
 

83% 
 

92% 
 

87%  
Lead 

 
59% 

 
28% 

 
78% 

 
75% 

 
85% 

 
83%  

MangGanese 
 

40% 
 

15% 
 

68% 
 

76% 
 

92% 
 

91%  
Zinc 

 
46% 

 
15% 

 
62% 

 
50% 

 
75% 

 
41% 

Table 5b. Load efficiency (%reduction) of pollutants for the odd numbered basins with 
larger garden areas (F7, F3, F5) as compared to Basin F1 (no swale).  

Constituents  
 
Asphalt with swale 

F7 

 
Concrete w/ Swale 

F3 

 
Porous w/swale 

F5 
 
 

 
YEAR 1 

 
YEAR 2 

 
YEAR 1 

 
YEAR 2 

 
YEAR 1 

 
YEAR 2 

 
Ammonia 

 
80% 

 
79% 

 
86% 

 
83% 

 
80% 

 
90% 

 
Nitrate 

 
73% 

 
67% 

 
64% 

 
55% 

 
79% 

 
80% 

 
Total Nitrogen 

 
58% 

 
66% 

 
58% 

 
54% 

 
71% 

 
81% 

 
Ortho Phosphorus 

 
-1% 

 
-4% 

 
-105% 

 
-149% 

 
-61% 

 
55% 

 
Total Phosphorus 

 
-26% 

 
16% 

 
-32% 

 
-69% 

 
76% 

 
66% 

 
Suspended Solids 

 
83% 

 
56% 

 
91% 

 
91% 

 
92% 

 
89% 

 
Copper 

 
81% 

 
75% 

 
81% 

 
79% 

 
94% 

 
94% 

 
Iron 

 
87% 

 
79% 

 
91% 

 
94% 

 
94% 

 
94% 

 
Lead 

 
87% 

 
73% 

 
83% 

 
85% 

 
93% 

 
94% 

 
Manganese 

 
83% 

 
75% 

 
90% 

 
90% 

 
93% 

 
95% 

 
Zinc 

 
79% 

 
72% 

 
76% 

 
72% 

 
89% 

 
86% 

* Notice that some efficiencies are negative, indicating an increase in loads in the basins with a swale. 
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Sediment Samples 
 
Soil samples were collected in the swales, the strand and the pond in 1998 and again in 2000 (see 
Figure 1 for sampling locations).  For 1998, samples were also collected in the drop boxes that 
received runoff from the swales.   For the basins without swales, the sediments that had 
accumulated in the asphalt depressions were analyzed and there were no deeper soils to sample.   

 
Metals - Consistent results were seen for 1998, with metals usually measured at higher 
concentrations in basins paved in asphalt (F1, F2, F7, F8) compared to basins paved with concrete 
(F3, F4) or porous paving (F7, F8).  Aluminum, iron and copper concentrations measured in the 
strand and pond only occasionally showed concentrations as high or higher than the asphalt basins 
in the parking lot even though most of the 10-acre parking lot is paved in asphalt. Results indicate 
that the swales, strand and pond are effective for sequestering metals near the source.  An example 
with zinc is shown in Figure 3. 
 

Figure 3.  Sediment samples for zinc collected in 1998 and again in 2000 at the outfall of each 
drainage basin as well as in the swale and pond.  
 
When the metal concentrations in 1998 in the swales are compared to 2000, values are about the 
same or only marginally higher in 2000 when considering the inherent variability that is 
characteristic of soils.  The possible exception of comparable concentrations is porous pavement 
(F5, F6) that almost always had higher concentrations in 2000. When the site in the strand in 1998 
(S10) is compared to values in 2000, the year 2000 concentrations are usually significantly lower 
and these results can be explained by the berm repair.  All of the soils in the strand were excavated 
during berm construction, so these data are the result of deeper, cleaner soils.  When the Pond data 
are compared between years, the concentrations are much higher in 2000, probably the result of 
Ybor channel water pumped into the pond during the repair and the subsequent inflow of 
stormwater from the channel into the pond through the under drain.  
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Nutrients - Total phosphorus and Kjeldahl nitrogen measured in the soils showed an increase in 
most basins from 1998 to 2000, especially for nitrogen (Figure 4). Usually nutrients are quite low 
for the basin without a swale that has no vegetation or deeper soils to cycle nutrients.  Nitrogen, 
and to a certain extent phosphorus, increased in the swales from 1998 to 2000. The pond showed a 
considerable increase in phosphorus and nitrogen from 1998 to 2000.  Total phosphorus in the 
deeper sediments also increased by 2000, but a corresponding increase in nitrogen in the deeper 
sediments was not usually seen. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Sediment samples for total Kjeldahl nitrogen collected in 1998 and again in 2000 at 
the outfall of each drainage basin, the swale, and the pond.   
 
Polycyclic Aromatic hydrocarbons (PAHs) - PAHs are compared by percentages in Table 6.  The 
highest percentage of detection was found at the deeper depths (12.7 cm) suggesting previous 
hydrocarbon contamination.   The lowest number of samples with hydrocarbon detection occurred 
in the surface soils in 2000.  In 1998 more PAHs were detected in the soils of more sites than in 
2000 indicating that hydrocarbon pollution may be decreasing at the site. The most frequently 
measured hydrocarbon was fluoranthene, which was detected in at least 50 percent of the samples 
collected in each category.  Chrysene and pyrene were also frequently detected, followed by the 
benzo-series (Table 6).  
 
Pesticides & PCB=s - At most sites pesticides and polychlorinated biphenyls (PCBs) were not 
detected but there were some exceptions (Table 6).  Chlordane was the pesticide most often 
detected in measurable quantities and it was found at all locations but three. Unlike the PAH data 
where concentrations in the boxes were low, the sediments in the drop boxes had the highest 
percent detection of pesticides. Dichlorodiphenyltrichloroethane (DDT) and its daughter products 
were measured at almost all locations, and DDE was found in measurable quantities. But the 
quantities were not considered toxic. At the Florida Aquarium, DDT and DDD were more often 
measured in the deeper soil profile and DDE in the surface soils.  Polychlorinated biphenyl (PCB-
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1260) was frequently detected in the soils and it was more often detected in the deeper sediments 
than in the surface soils. 
 
Table 7.  Percentage of samples that detected pollutants in each of the soil strata for each of 
the eleven sampling sites.   
 

 PAH 1998  1998  1998  2000  2000  
 SEMI-VOLATILE ORGANIC  TOP DEEP BOX TOP DEEP 

Acenaphthene ug/kg 0 20 25 0  17 
Acenaphthylene ug/kg 0 0 0 0  17 
Anthracene ug/kg 0 17 25 0  17 

 Benzo(a)anthracene ug/kg 67  70  38  40  70  
Benzo(a)pyrene ug/kg 75 70 38 33  60 
Benzo(b)fluoranthene ug/kg 42 70 25 17  70 
Benzo(k)fluoranthene ug/kg 50 50 25 17  20 
Benzo(g,h,i)perylene ug/kg 17 30 13 17  20 
Bis(2-ethylhexyl)phthalate ug/kg 8 0 0 0  10 
Butyl benzyl phthalate ug/kg 0 0 50 0  10 
Chrysene ug/kg 67 70 38 50  70 
Di-n-octyl phthalate ug/kg 8 0 0 0  10 
Dibenzo(a,h)anthracene ug/kg 0 0 0 0  10 
Diethyl phthalate ug/kg 0 0 0 0  10 
Fluoranthene ug/kg 75 100 63 50  80 
Fluorene ug/kg 17 0 13 0  10 
Indeno(1,2,3-cd)pyrene ug/kg 17 30 25 17  30 
Phenanthrene ug/kg 75 70 25 25  40 
Pyrene ug/kg 83 90 50 58  80 

  PESTICIDES        
Chlorpyrifos Ethyl ug/kg 0 0 25 0  0  
Diazanon ug/kg 10 0 50 0  0  
Parathion Methyl ug/kg 0 10 0 0  10 
Aldrin ug/kg 8 0 0 0  10 
Chlordane                 ug/kg 75 40 63 25  10 
DDD-p,p' ug/kg 17 30 13 8  20 
DDE-p,p' ug/kg 83 60 50 66  30 
DDT-p,p' ug/kg 33 50 12 42  50 
Dieldrin ug/kg 0 20 63 0  8  
Endosulfan Sulfate ug/kg 0 0 8 42  10 
Endrin Aldehyde ug/kg 0 0 0 8  0  
Methoxychlor ug/kg 0 0 0 17  8  
PCB-1248 ug/kg 8 0 13 0  0  
PCB-1260 ug/kg 33 70 38 17  20 

 
Particle Size Analysis and percent organic matter - The size of sediment particles affects the 
removal of pollutants in stormwater runoff by sedimentation.    Most sites exhibited a similar 
pattern for particle size (medium fine sand) and there were no obvious differences between paving 
types or the pond and the strand. Organic matter improves soil structure and provides conditions 
conducive to healthy soil microbes.  These microbes are important for transformation and 
degradation processes that remove pollutants. Organic matter content ranged from 1.6 to 8.4%. 
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Statistical Analysis 

 
Differences Between Basins - Since there were few significant differences between years, all 59 of 
the storms sampled were combined for hypothesis testing.   The basins exhibited at least one 
significant difference for all parameters except nitrate (Table 8).  Some of the patterns can be 
explained by basin characteristics.  For example, the basins paved in asphalt had significantly 
higher concentrations of metals and total suspended solids, which may be increased by the paving 
material itself.  Higher phosphorus concentrations were measured in basins with planted swales, 
probably a result of the vegetation and soil particles.  Inorganic nitrogen is usually measured at 
relatively high levels in rainfall and nitrogen transformations may explain the differences 
measured in runoff between the various basins especially after runoff travels through vegetation.  
To test this theory further, correlations were run.  
 
Table 8. Significant differences between even numbered basins. Data from Duncan Multiple 
Range Test and significant differences calculated by the Kruskal-Wallis test.  
 
 

Parameter 
 

Pr>Chi- 
Square 

 
Asphalt  

wo/ swale 

 
Asphalt  

with swale 

 
Concrete 

with swale 

 
Porous 

with swale 
 
 

 
 F2 F8 F4 

 
F6 

 
Ammonia 

 
0.0004 0.111 a 0.112 a 0.069 b 

 
0.049 b 

Nitrate 
 
0.76 ns 0.264 a 0.263 a 0.242 a 

 
0.221 a  

Total Nitrogen 
 
0.05 0.511 b 0.737 a 0.684 ab 

 
0.639 ab  

Ortho-Phosphorus 
 
< 0.0001 0.047 b 0.192 a 0.203 a 

 
0.195 a  

Total Phosphorus 
 
< 0.0001 0.082 b 0.267 a 0.253 a 

 
0.237 a  

Total Copper 
 
< 0.0001 12.70 a 9.929 a 4.892 b 

 
4.08 b  

Total Iron 
 
< 0.0001 431.67 a 328.93 a 85.40 b 

 
87.73 b  

Total Lead 
 
< 0.0001 3.43 a 3.42 a 1.14 b 

 
1.30 b  

Total Zinc 
 
< 0.0001 40.62 a 35.01 a 20.80 b 

 
22.12 b 

 
Total Susp. Solids 

 
< 0.0001 16.02 a 11.48 a 4.70 b 

 
5.53 b 

 
Correlations - The small basin size and the short time of concentration contributed to close 
correlations between the nitrate measured in rainfall and the nitrate measured in runoff from each 
of the basins.   The results of the correlations show the closest relationship among the asphalt 
basins without a swale, the next highest correlations were among the basins with smaller garden 
areas (F4 is an exception) and the weakest relationship was observed in the basins with larger 
garden areas.  The data demonstrated an effect of vegetation in transforming the nitrogen found in 
rainfall.  
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Table 8. Correlations between nitrate measured in rainfall and nitrate measured in 
runoff.  Results listed in order of decreasing correlation coefficient. SM=small garden 
LG=large garden 
   

Site Description N Prob > r Coefficient 
F1 

 
Asphalt without a swale (SM) 51 < 0.001 0.924  

F2 
 
Asphalt without a swale (SM) 52 < 0.001 0.908  

F6 
 
Porous with swale (SM) 35 < 0.001 0.855  

F8 
 
Asphalt with swale (SM) 43 < 0.001 0.821  

F3 
 
Concrete with swale (LG) 32 < 0.001 0.799  

F7 
 
Asphalt with swale (LG) 30 < 0.001 0.789  

F4 
 
Concrete with swale (SM) 47 < 0.001 0.700  

F5 
 
Porous with swale (LG) 27 0.004 0.632 

 
MAJOR FINDINGS 
 
     $ Basins with swales and paved in asphalt or concrete reduced runoff to 30 percent and 

porous paving to about 16 percent compared to basins without planted swales, 55 
percent.  The basins with larger garden areas reduced runoff by an additional 50 
percent (Table 2) 

     $ Basins paved with porous pavement had the best percent removal of pollutant loads 
with greater than 90 percent removal in basins with larger garden areas. More 
phosphorus loads were discharged from basins with vegetated swales than from 
basins with no swales (Table  5 ). When the entire system is evaluated percent 
pollution reduction is greater than 99 percent since almost all runoff was retained on 
site (Table 3). 

     $ Sediment samples implicated asphalt paving material as a source for metals (Figure 
3). TKN and phosphorus in the sediments showed a considerable increase from 1998 
to 2000 (Figure 4).  Polycyclic aromatic hydrocarbons (PAHs) were detected in the 
soils at the site and some approached the significantly toxic levels (Table 6). 
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