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1.0 Introduction

The primary objective of this field monitoring effort was to provide Sarasota County with
data identified as necessary to refine the County’s County-Wide Non-Point Source
Pollutant Loading Model. The project consisted of event mean concentration (EMC)
sampling of stormwater at stations with different land use types. EMC sites were selected
based on land use type and drainage area. A more complete synopsis of the site selection
rationale is available in the Final Monitoring Plan (PBSJ, 2007). EMC sampling began in
July 2007 and continued through July 2008. The initial planned study period was 6
months, however this period was not sufficient to complete sampling due to below
normal rainfall.

The objective of the EMC monitoring was to characterize the discharge volume and
water quality at each EMC site during rain events, and during baseflow conditions. These
data are for the calibration of the pollutant loading model on a more localized scale. The
data collected during the EMC sampling would also allow for calculation of discharge
volume and pollutant load based on individual land use type on monthly and seasonal
scales.
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2.0 Study Period Hydrologic Condition

In order to characterize the general hydrologic condition during the study period
countywide rainfall data were gathered from the Southwest Florida Water Management
District (SWFWMD) website. Rainfall data were available for a period of nearly 100
years, from 1915 through the end of the study (July, 2008). In Sarasota County, 2007 was
the driest year on record for the entire available period of record with a total annual
rainfall of only 35.08 inches (Table 2.1). This means that the study was conducted under
“once in a hundred years” drought conditions. On a monthly basis, rainfall was generally
below the mean and median monthly value throughout 2007 (except April and October).
Rainfall increased in 2008, with 29.43 inches falling from January through July.

Table 2.1 Historical comparison with study period hydrologic condition

F-:ia:?nee Mean | Maximum Per%:oetrrl]tile PerYCE:at:tile Median Per205et2ti|e Per]E:O(:thile Minimum  [RESCIEN e
January 2.29 8.09 5.05 3.12 1.82 0.90 0.44 0.00 153 | 2.77
February 2.65 9.29 491 3.73 2.35 1.10 0.40 0.01 2.03 | 1.64
March 2.94 10.14 6.44 4.33 2.25 0.90 0.44 0.13 0.43 | 3.14
April 2.44 10.52 4.80 3.78 1.99 0.76 0.23 0.00 2.80 | 3.96
May 3.03 10.11 5.80 4.05 2.55 1.32 0.63 0.20 0.60 | 1.87
June 7.64 22.45 11.85 9.20 7.03 4.90 3.58 2.22 521 | 6.24
July 8.29 16.05 12.10 10.11 8.09 6.50 5.01 2.45 6.83 | 9.81
August 8.56 19.08 13.72 10.61 7.57 6.28 5.19 2.37 5.27
September | 7.82 18.63 11.69 9.70 7.36 5.73 4.35 3.27 4.54
October 3.36 10.90 6.64 4.83 2.42 1.56 1.01 0.00 4.28
November 1.87 6.71 4.42 2.90 1.39 0.64 0.31 0.00 0.47
December 2.00 9.29 4.00 2.68 1.49 0.73 0.49 0.00 1.09
Annual 52.89 80.78 63.71 58.28 51.81 47.39 40.56 35.08 35.08

*Available data January 1915 through July 2008 (SWFWMD Data)
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3.0 Methods

ISCO Avalanche® portable refrigerated water samplers were utilized for the EMC
monitoring. If the site was dry (no standing water in culvert or pipe) then a 730 Bubbler
Flow module was used to measure water depth. If standing water (also referred to as tail
water) was present then a 750 Area Velocity Flow module was used. Additional details
on each EMC monitoring site are provided in Table 3.2. The equipment was programmed
to initiate grab sampling after 0.2 inch of rain in a 1 hour period, provided there was
sufficient water in the pipe or swale to draw a sample. Samples were processed and
delivered to the laboratory in accordance with FDEP SOPs. Flow measurements and
EMC laboratory data were entered into an ACCESS database. The 750 Area Velocity
Flow module measures water depth and velocity, and flow is calculated from those
parameters and pipe cross sectional area. The 730 Bubbler Flow module measures depth
and flow is calculated using Manning’s equation for flow in a round pipe. The 750 Area
Velocity Flow modules are designed for use in constant laminar flow systems. When the
sensor is deployed in stagnant tail water, or very turbulent conditions an internal error
often occurs, producing frequent, irregular, false readings. In order to develop accurate
discharge estimates, the data were extensively reviewed, and suspect data were removed
from the flow dataset. The verified data were then analyzed (StatGraphics version XV)
for a variety of time periods and the most appropriate/best fit univariate equation was
identified.

Table 3.1 EMC Sites
. Site Drainage Area
Site Type Name (Acres) Comments

Florida Friendly
Landscape FFL-1 1.43 | no tail water, no canopy, irrigation occurs,
Florida Friendly
Landscape FFL-2 4.61 | tail water affected, no canopy, irrigation occurs
Traditional
Landscape TL-1 2.44 | frequent heavy irrigation, no canopy, tail water affected
Traditional
Landscape TL-2 1.71 | frequent heavy irrigation, no canopy, tail water affected
Low Impact minimal irrigation, low impervious area, heavy canopy, no tail
Development LID-1 Unknown water
Curb & Gutter
Drainage CGD-1 21.4 | some mature canopy, tail water affected

St. Augustine lined swale, swale blocked regularly at

driveways, some mature canopy, no tail water, irrigation
Swale Drainage SWD-1 5.17 | occurs
Septic SEP-1 4.14 | no tail water, some mature canopy, irrigation occurs
Reclaimed Water RWI-1 3.07 | slight tail water influence, no canopy, irrigation occurs
Reclaimed Water RWI-2 2.17 | tail water affected, no canopy, irrigation occurs
High Density
Residential HDR-1 1.01 | some canopy, well water irrigation, tail water affected
Barrier Island BI-1 1.82 | mature canopy, irrigation occurs, slight tail water influence
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Methods

Runoff coefficients were calculated using the following equation:

Discharge (cubic feet)
Rain (feet) * Drainage Area (square feet)

The period of discharge and the period of rain used in calculating the runoff coefficient
were determined independently for each site, based on the results of the best fit equation.
The flow value utilized was the one-day mean at SWD-1 and the one-hour mean at all
other sites. Discharge was calculated from flow prior to calculating the runoff coefficient.
The rainfall value utilized was either the one-day rainfall total (SWD-1), the two-hour
total (FFL-2) or the one hour total (all other sites). All calculations were performed on the
verified measured data with SAS v9.1.
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4.0 Monitoring

4.1 Rainfall

There were fewer qualifying rainfall events and therefore fewer sampling opportunities
than were anticipated during planning. The drought condition that occurred during the
study period is discussed in Section 2. As a result of the drought condition the sampling
was extended longer than planned, and additional sampling sites were added during the
sampling period. The original site selections are detailed in the Final Monitoring Plan
(PBS&J, 2007). In addition to the original sites the following two sites were added for
shorter duration sampling periods:

e Reclaimed Water Irrigation — 2 (RWI-2)
e High Density Residential - 1 (HDR-1)

Monthly rainfall totals for each site are listed in Table 4.1. When reviewing these data
there are some readily apparent issues. Sites TL-1 and TL-2 are very near each other (less
than 200 meters apart), yet they have very disparate rain totals. This is due to falsely
inflated rainfall readings from lawn sprinklers at TL-1. These artificially generated
readings were apparent at regular intervals in the very early morning, and were not
substantial enough to trigger sampling events, though they did generate a very low level
of flow. Thus TL-2 rainfall values are a better true rainfall estimate than TL-1. The
exception to this is the period from June 9, 2008 to July 7, 2008. During this period the
ISCO unit at TL-2 appeared to be functioning correctly, and collected samples during
rain events. The rainfall and flow data for that period were not in the record when data
recovery occurred. For the purposes of calculating event loading, event rainfall data from
nearby TL-1 was substituted, and flow was calculated. In October 2007 FFL-2 registered
much higher rainfall than FFL-1. This is because the equipment at FFL-1 repeatedly
malfunctioned and had to be returned to the manufacturer resulting in large data gaps.
The data from FFL-2 are more representative of the real rainfall at FFL-1 during this
month. The same is true of FFL-1 and FFL-2 for the months of May and June, 2008 when
further equipment failures at FFL-1 occurred. A list of the number of hourly samples at
each site is available in Table 4.2.
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Monitoring

Table 4.1 Monthly Rainfall Totals (inches)
Site 2A0%97 Sep Oct | Nov | Dec z‘]oaons Feb | Mar | Apr | May | Jun | Jul
BI-1 327 | 484 | 269 | 025|072 | 203 | 145 | 1.76
CGD-1 0.11 595 | 428 | 0.35 | 0.55 . . . . . . .
FFL-1 0.97 514 | 039 | 0.17 | 082 | 124 | 1.16 | 1.73 | 1.13 | 0.21 | 0.08 | 5.99
FFL-2 . 002 | 656 | 0.16 | 0.87 | 1.32 | 1.26 | 1.71 | 1.98 | 0.34 | 2.8 | 5.88
LID-1 0.12 | 6.03 | 541 | 0.01 | 047 | 254 | 1.28 | 2.95 | 2.88
RWI-1 2.79 9.25 | 495 | 0.63 | 0.14
SEP-1 0.29 554 | 5.15 | 0.33 | 0.57 . . .
SWD-1 0.27 | 1056 | 553 | 0.54 | 0.61 | 2.37 | 1.97 | 1.37 . . . .
TL-1 1.53 508 | 794 | 161 | 234 | 249 | 191 | 1.82 | 4.15 1.6 | 523 | 547
TL-2 . 413 | 674 | 015 | 085 | 1.26 | 1.27 | 1.69 | 2.66 | 0.44 | 0.62 | 3.16

Table 4.2 Total number of recorded hourly values per month (Rain & Flow)
Site §0u097 Sep | Oct | Nov | Dec z‘]ozns Feb | Mar | Apr | May | Jun | Jul
BI-1 625 | 668 | 736 | 695 | 744 | 744 | 696 | 720
CGD-1 240 705 | 744 | 720 | 491 . . . . . . .
FFL-1 72 695 | 523 | 720 | 744 744 | 650 | 697 | 601 | 442 | 159 | 720
FFL-2 . 61 744 | 720 | 744 744 | 696 | 657 | 720 | 744 | 720 | 720
LID-1 35 720 | 744 | 720 | 744 744 | 696 | 743 | 369
RWI-1 682 720 | 744 | 720 | 456
SEP-1 192 590 | 744 | 720 | 491 . . .
SWD-1 230 | 720 | 699 | 720 | 731 | 744 | 696 | 733 . . . .
TL-1 207 657 | 744 | 720 | 744 744 | 696 | 672 | 720 | 744 | 641 | 628
TL-2 . 255 | 744 | 648 | 744 744 | 696 | 670 | 698 | 744 | 200 | 471

When these rainfall values are compared with the long term mean Sarasota values (Table
2.1) some months slightly exceed long term mean values, while some months are well
below the long term mean. As noted in Section 2, the study period was characterized by
an extreme drought condition.

4.2 Flow and Discharge

The 750 Area Velocity Flow modules are designed for use in constant laminar flow
systems. When the sensor is deployed in stagnant tail water, or very turbulent conditions
an internal error occurs, producing irregular false readings. Due to this equipment
characteristic, the data from these modules have been extensively reviewed, and
regression equations have been produced to address gaps from invalid data. The duration
of flow events in these systems is generally very short, but the rainfall:runoff relationship
may be influenced by recently saturated soil. In order to consider recent rainfall
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Monitoring

conditions for modeling purposes, a variety of rainfall periods were regressed against
hourly (or multi-hourly) or daily (or multi-daily) average flow. Most sites had best fit
equations with one hour rainfall totals. FFL-2, SWD-1 and LID-1 had best fit equations
with greater than one hour rainfall totals. The equations for SWD-1 and LID-1 calculated
daily average flow, rather than hourly average flow. The best fit equations are displayed
in Table 4.3.

Table 4.3 EMC Site Flow Equations
Site Equation V;ue R-squared

BI-1* Q =-0.000186144 + 0.479738*ONEHOURRAIN 0.0000 0.85
CGD-1* Q = 0.00722389 + 5.53478*ONEHOURRAIN 0.0000 0.85
FFL-1* Q=-0.000252868 + 0.601905*ONEHOURRAIN"2 0.0000 0.96
FFL-2* Q =0.000381223 + 0.664307*TWOHOURRAIN 0.0000 0.84
LID-1** Q= (0.000411354 + 0.0171728*TWELVEDAYRAIN)"2 0.0000 0.29
RWI-1* Q =-0.00101449 + 1.92982*ONEHOURRAIN 0.0000 0.91
SEP-1* Q= 0.000653657 + 1.79726*ONEHOURRAIN"2 0.0000 0.86
SWD-1** Q=-0.0000591846 + 0.00308427*ONEDAYRAIN"2 0.0000 0.91
TL-1* Q=0.00717179 + 0.373391*ONEHOURRAIN 0.0000 0.61
TL-2* 0Q=0.0308232 + 2.41191*ONEHOURRAIN 0.0000 0.82

* hourly average flow regressed against rainfall

** daily average flow regressed against rainfall

The high R-squared values at most sites indicate that rainfall explains the majority of the
variation in flow. The P-values indicate that the equations are statistically significant to
well below the normally accepted level (P<0.05). The monitoring period for RWI-2 and
HDR-1 was too short to generate sufficient data for meaningful relationships. The
relationship between rainfall and flow at the low impact development site (LID-1) is the
weakest of all sampled sites, likely due to the long response time of flow to rainfall. The
strongest relationship that was found at LID-1 was between flow and the twelve day total
rain volume. At SWD-1, the best relationship was between flow and one day total rain
volume. Flow at all of the other sites responded much more rapidly to rainfall events.

The flow equations listed in table 4.3 were used to address data gaps caused by invalid
sensor data when calculating discharge. Hourly mean flow rate was calculated and
transformed into total monthly flow at each site (Table 4.4). Table 4.2 is pertinent to
these data as well, and should be referenced when considering the data in Table 4.4. Total
daily rainfall and discharge are available in Appendix A.

In calculating the runoff coefficients (Table 4.5), the site flow equations were used to
establish the most appropriate rain and flow event period for each site. The equation
described in Section 3 was applied to the verified data to produce a runoff coefficient for
each rain event of 0.1 inch or more. There was no runoff coefficient calculated from LID-
1 data due to a lack of available geospatial drainage basin data.
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Monitoring

Table 4.4 Estimated total monthly discharge in gallons

Site 90u097 Sep Oct Nov Dec ;Oa(;]S Feb Mar Apr May Jun Jul
BI-1 34874 65103 28276 2693 7271 | 22082 | 16158 18312
CGD-1 10503 1075916 734445 51167 | 67594 . . . . . .
FFL-1 6463 152692 . 269 4039 2424 3501 2424 10772 269 . 31777
FFL-2 . . 258661 5588 26997 | 40933 | 38779 49820 63016 | 9425 | 88330 | 193895
LID-1 0 81 3407 7 0 7 0 0 27
RWI-1 | 125157 461309 233347 30431 0
SEP-1 | 426838 189586 118828 4645 13398

S0 25179 | 31037 0 0 0 0 0

TL-1 62747 156328 234896 14811 | 21813 | 21813 | 18582 14542 40933 12811 46858 | 49282
TL-2 468243 | 1056189 | 10772 | 51167 | 78905 | 79174 | 102872 | ‘8123 | 2992 | 41741 | 204308
Table 4.5 Runoff Coefficients

SITE Mean Maximum Median Minimum Number of Events

Bl-1 0.25 0.67 0.18 0.07 18

CGD-1 0.29 0.58 0.25 0.13 21

FFL-1 0.10 0.51 0.07 0.00 15

FFL-2 0.39 1.76 0.29 0.06 22

RWI-1 0.53 1.33 0.42 0.10 28

SEP-1 0.19 0.55 0.19 0.00 26

SWD-1 0.01 0.05 0.00 0.00 31

TL-1 0.32 1.14 0.22 0.00 23

TL-2 2.62 5.14 2.06 1.11 13

4.3 Grab Samples

Samples were collected from all sites except LID-1, where sufficient flow for sampling
did not occur during the study period. The number of collected samples at each site is
displayed in Table 4.3. Only two samples were collected at SWD-1 over the course of the
equipment deployment; this was also due to low or no flow during moderate rainfall
events. Descriptive tabular and graphical summaries of these data analyzed by month and
by season (wet/dry) are presented in Appendix B. The grab samples were analyzed for
the following constituents:
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Lead

Zinc

Ammonia
Biochemical Oxygen Demand (BOD)
Fecal Coliform Bacteria

Nitrate + Nitrite
Orthophosphate
Total Alkalinity
Total Kjeldahl Nitrogen (TKN)

Total Nitrogen (sum of TKN and NOX)
Total Phosphorus
Total Suspended Solids

Pollutant loading for each storm event was calculated by multiplying the event runoff
volume with the event pollutant concentration. A tabular summary of these calculations
for all measured parameters is available in Appendix C. The event loads were then
divided by subbasin area in acres to produce a normalized (per acre) event pollutant load.
Area normalized loads for each event is available in Appendix C. Table 4.7 provides
summary data for total nitrogen load per acre at each EMC site. There is a large range of
nitrogen values, covering many orders of magnitude, both within and between sites. The
lowest mean total nitrogen value occurred at Bl-1 while the highest occurred at TL-2.

Table 4.7 Total nitrogen load per event summary (mg/acre)

# of grab

sampling Tailwater Funding

Site Mean Max Median Min CcVv events influenced [ Contract
FFL-1 53193 180661 14144 3823 160 4 No DEP
FFL-2 142065 720986 66994 13905 138 12 Yes DEP
HDR-1 n.a. n.a. n.a. n.a. n.a. 3 Yes DEP
RWI-2 n.a. n.a. n.a. n.a. n.a. Yes DEP
TL-1 50483 464504 16185 2978 238 14 Yes DEP
TL-2 498911 2889327 224040 61907 170 10 Yes DEP
SEP-1 21619 84436 17342 1479 119 10 No JEA
BI-1 7547 11811 8316 3073 38 8 Yes JEA
CGD-1 21427 73324 19107 762 103 10 Yes JEA
RWI-1 225977 794087 103075 36078 120 11 Yes JEA
SWD-1 13522 21339 13522 5705 82 No JEA
Rainwater n.a. n.a. n.a. n.a. n.a. n.a. JEA

LID-1 n.a. n.a. n.a. n.a. n.a. No SBNEP
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Discussion

5.0 Discussion

The objective of the EMC monitoring was to characterize the discharge volume and
water quality at each EMC site during rain events, and during dry weather baseflow
conditions. These data were gathered to support calibration of the County’s County-Wide
Non-Point Source Pollutant Loading Model. No dry weather baseflow was observed at
any of the monitored sites during the study. The gathered rainfall data indicated a highly
varied rainfall pattern in Sarasota County. Some of the apparent variation was due to
residential watering (as discussed in Section 4), however some sites simply received
more rainfall than others.

Predictive equations were produced based on the measured rainfall and flow at each site
(Table 4.3). These equations were used to fill in gaps in the flow record in order to
calculate total discharge. These equations were all statistically significant (P<0.00) and,
with the exception of LID-1, provided strong relationships between rainfall and flow. The
best fit equation for rainfall and flow at LID-1 utilized twelve day cumulative rainfall to
predict flow. Most of the sites used a one hour total rainfall to predict flow. This is
indicative of the low response of flow to rainfall that was observed at that site. Similarly
(though not as extreme) SWD-1 used a one day rainfall total to predict flow. These two
sites were less “flashy” than the other sites, and runoff was generated over a longer time
frame than at other sites. The most obvious difference between these sites and others is
the lack of impervious conveyance to the storm water pipes. Runoff coefficients were
calculated using the equation described in Section 3. The three lowest runoff coefficients
occurred at sites that were monitored with a 730 Bubbler Flow module. The differences
in technology used to monitor the sites may have had an effect on the data.

The calculated values for event pollutant loading per unit area (acre) covered a very large
relative range within sites (Appendix 1). Six EMC sites were tail water influenced (Table
3.2). At many sites, tail water was several feet deep. The runoff obviously mixed with the
tail water being sampled at tail water influenced sites. Therefore, though the pollutant
concentrations are an accurate depiction of the water being conveyed in the storm water
pipes and swales at these sites, the pollutant concentrations may not be truly
representative of direct runoff from the specific land uses. The characteristics of the land
uses themselves were also a limiting factor as seen by the observed traditional irrigation
and fertilization practices at the Florida Friendly Landscaping sites. These limitations
should be understood when applying the data to model calibration or other purposes.
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