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1.0 PROJECT DESCRIPTION 
 

1.1 PROJECT OVERVIEW 
Manatee County proposes to excavate a recently acquired 10.17 acre parcel of land to increase flood plain volume for 
the Pearce Drain watershed. This flood plain site will have a direct hydraulic connection to the existing drainage ditch. 
The project further proposes to extend the cross drain adjacent to the site along 33rd Avenue to remove the guardrails 
along the roadway. Please refer to Appendix A for the project location. The project includes side slope stabilization 
improvements where the site connects into the existing ditch. The purpose of this drainage technical memorandum is 
to provide a summary of the existing drainage conditions and proposed improvements related to this project. A 
feasibility analysis has also been performed to evaluate the cost/benefit associated with the potential inclusion of a 
Nutrient Separating Baffle Box (NSBB), and the results are presented in Appendix C for consideration by the County.  
  
All elevations presented are in the North American Vertical Datum of 1988 (NAVD 88). 
 

1.2 RESOURCES FOR ANALYSIS 
The following resources were used in the analyses performed for this report. 
 

• Manatee County Public Works Standards, Part 2. Stormwater Management Design Manual, June 2015 
• FDOT Drainage Manual, 2023 
• FDOT Drainage Design Guide, 2023 
• Environmental Resource Permit Applicants’ Handbook, Volume I, December 2020 
• SWFWMD ERP Applicants’ Handbook, Volume II June 2018 
• Topographic Survey 
• LiDAR Contours 
• USGS Quad Map 

2.0 SCOPE OF WORK 
 
The drainage related scope of services for this project includes the following tasks:  
 

• Provide a quantifiable increase in flood plain volume added to the Pearce Drain sub-basin.  
• The final design will ensure existing drainage features are not adversely impacted by the project.  
• Provide feasibility studies and measurable benefits for a Nutrient Separating Baffle Box.  
• Provide permitting services and Final Construction Plans and Documents  

3.0 EXISTING DRAINAGE CONDITIONS 
 
In the existing conditions, the majority of the runoff sheet flows from the crown of 33rd Avenue east to the Pearce Drain Canal 
east of the project site. Approximately 472 acres from the basin west of 33rd Street flows towards Pearce Drain via a cross drain 
under 33rd Street East just north of the project site. There is one cross drain within the project limits, see table 1 below. There 
are no existing stormwater management facilities on the project site.  
 
 
 



 
 

2 | P a g e  
 

Pearce Drain / Gap Creek Watershed Flood Mitigation Site Drainage Technical Memorandum

Table  1: Existing Cross Drains 
 

Cross 
Drain 

Station Barrels / Size Material 

1 9+61 (1) – 58”x91” ERCP 
 
 

3.1 EXISTING DRAINAGE BASINS 
The project is located within the Gap Creek, Manatee River WBID. Stormwater outfalls from the project flow to Gap 
Creek which is east of the project. The two creeks Gap Creek and Pearce Drain discharge to the Manatee River as 
Gap Creek, however just south of 53rd Avenue East and west of 37th Street East they separate with Gap Creek 
extending west and Pearce Drain extending further south. The general flow direction of Pearce Drain is from south to 
north and ultimately discharges to the Manatee River before flowing west to the Gulf of Mexico. Please refer to 
Appendix A for the WBID and USGS maps. The basin area contributing to the cross drain under 33rd Street East 
comprises of varying uses including of Industrial, commercial, extractive, open lands, transportation / utilities, 
reservoirs, streams and lakes, freshwater marshes, pine flat woods, mixed forest cropland and pastureland comprising 
472 acres. Please refer to Appendix A for basin area.  
 

3.2 FLOODPLAIN INFORMATION 
The project limits are within Federal Emergency Management Agency (FEMA) Flood Insurance Rate Map (FIRM) panel 
number 12081C0317E for Manatee County, Florida, dated March 17, 2014. The project lies within Zone A per above 
referenced map.  The purpose of this project is to provide flood plain storage volume for the Pearce Drain / Gap Creek 
basin.  
 
Minor filling of the ditch located north of the site, for the removal of the existing guardrails, will be offset by the significant 
storage volume created by the proposed project. Please refer to Appendix A for the FEMA Maps.  
 
Per the Manatee County watershed model the floodplain elevation for our site at 15.9 (NAVD 88). Refer to Appendix 
A for image. 

 
 

3.3 SOIL CHARACTERISTICS 
Soil data was obtained using the U.S. Department of Agriculture (USDA) Natural Resources Conservation Service 
(NRCS) Web Soil Survey for Manatee County, Florida. The soil type within the project limits is predominantly comprised 
of fine silty sand with a seasonal water depth of approximately 5 feet below ground. Please refer to the excerpts from 
Limited Phase II Environmental Site Assessment by Professional Services Industries, Inc. dated November 28, 2022 
and USDA NRCS Soils Report, provided in Appendix D.  
 

3.4 OPERATIONAL CONDITION OF DRAINAGE INFRASTRUCTURE 
A “plans in hand” field review is currently scheduled to evaluate the existing drainage infrastructure and validate the 
proposed layout. After reviewing the video inspection on the existing cross drain on 33rd Street the pipe appears to be 
in good condition. At this time, we do not recommend a replacement.  
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4.0 PROPOSED DRAINAGE DESIGN 
 

4.1 PROPOSED IMPROVEMENTS 
The project will excavate the existing site to provide flood mitigation volume within the Pearce Drain /Gap Creek 
Watershed. The NSBB feasibility analysis will be reviewed by the County for a final decision on inclusion of these 
improvements.  

 

4.2 PERMIT REQUIREMENTS 
The project will apply for an ERP application with SWFWMD. A pre-application meeting is scheduled for December 
21st, 2023, and the design team will discuss the potential for permitting the provided floodplain volume as “credits” for 
future improvements within the basin.   
 

4.3 APPROXIMATE FILL VOLUME 
 

PRODUCED FILL QUANTITIES 
STAGE (NAVD 88) CLEAN FILL NOT CLEAN FILL 

FEET CY CY 
14.5 - 10 27,277* 7,793* 

10 – 6  41,810* 11,946* 
6 – 3 29,802* 8,515* 

 
Estimated volume of available clean fill 98,889 CY* 

*This estimate is based on the Limited Phase II Environmental Site Assessment where Arsenic was 
encountered at or exceeding the limit in boring SB-1 (0-6”), SB-7 (0-6”) & (6”-2’), approximate assumption is 
2 out of 9 sample borings or 22% of the soil may contain contaminants. Arsenic levels were encountered, but 
they were below the detection limit. The above table is subject to change based on additional soil exploration 
and analysis currently scheduled for this project. The bottom is set at elevation 3.00 relative to NAVD 88.  
 

4.4 APPROXIMATE FLOOD PLAIN VOLUME CREATED WITHIN SITE 
 

Stage 
(NAVD) 

Stage Area 
(Acres)  

Stage Volume (AF)  
Accumulated Volume Acre Feet (AF) 

14.5 0.58 0.47 55.06 
14 1.31 7.1 54.59 
12 5.79 14.17 47.49 
10 8.38 33.32 33.32 
6 8.28 0 0 

 
The above volume is based on follow up geotechnical exploration confirming an estimated seasonal high ground water table 
elevation of 6.0 (NAVD 88).  
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5.0 NUTRIENT SEPARATING BAFFLE BOX FEASIBILITY 
STUDY & MEASURABLE BENEFITS 

 
ESTIMATED POLLUTANT LOAD REDUCTION CALCULATIONS 

NUTRIENT SEPARATING BAFFLE BOX 
FOR PEARCE DRAIN CROSS DRAIN ON 33RD STREET 

 

BMP’s Installed Baffle Box  TSS* 
kg / yr. 

TP 
kg / yr. 

TN 
kg / yr. 

 

Pre-Project 85,992 
300.05 1,605.05 

Load Reduction 28,204 
46.51 305.76 

Post-Project 
57,786 253.54 1,299.29 

% Reduction** 
67.2 15.5 19.05 

 

*Based on 450 Kg / (Ha*Yr.) * # Acres * (1 Ha/2.47 Ac) Ref: Martin P. Wanielista & Yousef A. Yousef, 1993 
**% Reduction per Suntree Technologies Inc. now Oldcastle, Inc. See Appendix C for documentation. Final Report Baffle Box 
Effectiveness Monitoring Project DEP Contract No. S0236 dated 1/7/2010.  
 
The total project amount of Nitrogen removed from BMP is 305.76 kg/yr. or 13,481.7 lb. / 20 Yr. 
The total project amount of Phosphorus removed from BMP is 46.51 kg./yr. or 2,050.74 lb. / 20 Yr.  
The total project amount of TSS removed from BMP is 28,204 kg/yr. or 1,243,584 lb. / 20 Yr.  
 
The cost of the BMP’s with project is $528,000.00. ($264,000 cost of baffle box, based on feedback from several contractors who have 
installed these structures, the installed cost is approximately 2 times the cost of the structure. Baffle Box = $528,000 associated pipe, 
structure, and flared end section = $ 109,737. Total = $637,737.  Opinion of Probable Cost, provided in Appendix C.  
 
The cost to remove 1.0 lb of Nitrogen over 20 years is $637,737 / 13,481.7 lb.= $47.31 / lb. 
 
The cost to remove 1.0 lb of Phosphorous over 20 years is $637,737 / 2,050.74 lb = $310.98 / lb. 
 
The cost to remove 1.0 lb of TSS over 20 years is $637,737 / 1,243,584 lb = $ 0.51 / lb.  
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6.0 ASSUMPTIONS 
• The county owns and has control over the ditch to the north to permit the improvements shown.  
• Follow-up geotechnical exploration currently scheduled (by others), does not change the quantity of unfit soils 

found on site.  
• The estimated season high ground water table elevation of 6.0’ is verified by the soil investigative study by others.  
• No protected species (flora and fauna) are present.  
• Additional contaminants, etc. are not present on the subject parcel. 

 

7.0 SUMMARY 
 
Based on the information provided in this report, the system will provide measurable benefits for TSS removal if properly 
maintained to consistently achieve that benefit for 20 years. The operation and maintenance plans will be filed at the County 
Office and a report generated every two (2) years describing the operation and maintenance activities that have taken place 
and certifying the measurable benefit has been achieved.  
 
The reduction of 13,481.7 pounds of nitrogen, 2,050.7 pounds of phosphorous, and 1,243,584 pounds of TSS would be a 
benefit to the residents of Manatee County. The Nutrient Separating Baffle Box would provide measurable benefits to the 
watershed by removing organic matter and litter from stormwater, thus preventing bacterial discharge and significantly 
reducing nutrient loads. The above stated removal quantities can be confirmed with in field measurements during 
maintenance activities to demonstrate the weight of removed TSS, TN, TP over the life of the NSBB device. This location also 
benefits from a cost saving since the flood mitigation excavation improvements for additional flood plain volume were 
scheduled to be undertaken regardless of the NSBB construction and are not required by the inclusion of the NSBB device.  
 

8.0 RECOMMENDATION  
  
Final recommendation to be completed with final submittal. One method for evaluating the effectiveness of this project is to 
consider the cost benefit. The information below provides two sets of data for comparison.  
 
First this project would result in a lower cost per pound of removal than the County’s recent Rubonia Subdivision Drainage 
Improvement project.  

Nutrient 
Removal 

Cost per lb. of 
removal  

Pearce Drain  

Cost per lb. of removal  
Rubonia  

TSS $0.51 $6.67* 
TN $47.31 $615.70* 
TP $310.98 $2,313.24* 

*Rubonia Subdivision Drainage Improvements, Revised 2/14/19, see Appendix C Life Cycle Cost Range 
 
Second this project would qualify for the maximum points allotted in the SWFWMD Cooperative Funding scoring matrix for 
cost effectiveness. However, due to other factors this project would not qualify for funding.  
 
$60.05 / lb** < $150 = 25 Points This would fall in the maximum 25-point range per Metrics for Scoring Cost Effectiveness 
($637,737 opinion probable cost +$171,750 design fees = $809,487 / 13,481.7 lb over 20 years) 
**Cooperative Funding Initiative Guidelines, Southwest Florida Water Management District for Fiscal Year 2025, CFI Process Overview. 
Refer to Appendix C.  
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Patel, Greene & 

Associates, LLC 

�  12570 Telecom Drive, Temple Terrace, FL 33637 

� 813.978.3100  |  � patelgreene.com 

 

Page 1 of 2 

MEETING MINUTES 
 
Teams Call  
 

DATE/TIME: June 20, 2023; 2:00pm – 3:00 pm 

PROJECT: Manatee County Pearce Drain Watershed – Flood Mitigation Site  

LOCATION: Teams Call  

ATTENDEES: Jerry Varghese (Manatee County M.C.); Anthony Russo (M.C.); Tom Gerstenberger (M.C.); Kenneth Kohn, (M.C.); 
Richard Uptegraff (PGA); Michael Holt (PGA); Austin Goff (PGA). 

 
The following notes reflect PGA’s understanding of the discussions and decisions made at this meeting. If you 
have any questions, additions, or comments regarding elements contained in these minutes, please contact 
PGA. The minutes will be considered accurate unless written notice is received within five working days of the 
date issued. 
 

1. The focus of this project is to construct a floodplain compensation site on the acquired parcel adjacent 
to Center Lake. This project will require an environmental resource permit.  

2. Manatee County (the County) requests a quick turnaround, with plans and permit available for bid 
sometime around March 2024 as a goes-with project to the 63rd Ave construction. The proposed site is 
to have a direct connection with Pearce Drain.  

3. The scope shall include design and permitting of the pond. A contract has been awarded to WSP for a 
Phase II ESA to determine the suitability of on-site soils as fill. Park Coastal has been awarded the 
survey work. WSP has been awarded the wetland jurisdiction delineation and/ or surface water 
determination and 404 related permitting.  

4. The County will provide Richard with contact information for all awarded services so he can oversee 
and coordinate services on this project.  

5. The scope shall include at a minimum excavating the proposed site to the same depth as the adjacent 
Pearce Drain, but sufficient to impede the growth of cattails, etc. The County has no desire to extend 
the pond depth to (-)7.00’ NAVD to obtain additional fill dirt as shown on the exhibit by Geosyntec. 

6. There has been talk about a passive park and/or shell trail at the perimeter of the parcel, but that is not 
to be included in the scope at this time.  

7. No improvements to 33rd Street are to be included in the scope at this time.  

8. The scope is to include an investigation to determine if the north ditch can be included or diverted into 
the proposed site.  

9. Floodplain compensation credit volume will be quantified  and provided to the county. This project will 
not be pursuing wetland mitigation credits for a wetland bank or ledger. The county shall confirm that a 
feasibility study including cost, size, and permitting requirements will be added to the project scope for 
a Nutrient Separating Baffle Box (NSBB) by Sun Tree Technology successor company.  
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10. The County shall confirm that a 15’ maintenance berm is required if 4H:1V side slopes are proposed. If 
the pond utilizes 2H:1V side slopes a 20-foot maintenance buffer is required with chain link perimeter 
fence. 

11. The project is to include a typical paved access driveway near the south property line for maintenance 
access.  

12. No modeling is required. Geosyntec has already quantified that this pond will not have a significant 
impact on the 100-year flood stage.  

13. PGA is to provide a proposal with staff hours and scope.  The project is expected to be awarded as a 
task work order under the current Transportation/Stormwater continuing services contract. 

 

ACTION ITEMS: 

1. PGA to prepare scope, staff-hours, and fee. 

2. County to provide contact information for point of contact for ancillary services already delegated for 
this project. - Done 

3. County to confirm addition of investigation of suitability/feasibility of the NSBB at the northern edge of 
the property to the current scope of services. 
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Drainage Calculations 



 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BMP Load Reduction Calculations 



Complete Report (not including cost) Ver 

4.3.5 

Project: Pearce Drain 

Date: 11/14/2023 12:44:26 PM 

Site and Catchment Information 

 

Analysis: BMP Analysis 

Catchment Name Pearce Drain Reservoir Industrial  

Rainfall Zone Florida Zone 4   

Annual Mean Rainfall 52.00   

Pre-Condition Landuse Information   

Landuse User Defined Values   

Area (acres) 472.79   

Rational Coefficient (0-1) 0.52   

Non DCIA Curve Number 72.00   

DCIA Percent (0-100) 59.00   

Nitrogen EMC (mg/l) 1.225   

Phosphorus EMC (mg/l) 0.229   

Runoff Volume (ac-ft/yr) 1,062.649   

Groundwater N (kg/yr) 0.000   

Groundwater P (kg/yr) 0.000   

Nitrogen Loading (kg/yr) 1,605.052   

Phosphorus Loading (kg/yr) 300.046   

Post-Condition Landuse Information   

Landuse User Defined Values   

Area (acres) 472.79   

Rational Coefficient (0-1) 0.52   

Non DCIA Curve Number 72.00   

DCIA Percent (0-100) 59.00   

Wet Pond Area (ac) 0.00   

Nitrogen EMC (mg/l) 1.225   

Phosphorus EMC (mg/l) 0.229   

Runoff Volume (ac-ft/yr) 1,062.649   



Groundwater N (kg/yr) 0.000   

Groundwater P (kg/yr) 0.000   

Nitrogen Loading (kg/yr) 1,605.052   

Phosphorus Loading (kg/yr) 300.046   

 

Catchment Number: 1 Name: Pearce Drain Reservoir 

Industrial 

Project: Pearce Drain 

Date: 11/14/2023 

 

User Defined BMP Design 

Contributing Catchment Area (acres) 472.790 

Provided Nitrogen Treatment Efficiency (%) 19 

Provided Phosphorus Treatment Efficiency (%) 16 

 

Watershed Characteristics 

Catchment Area (acres) 472.79 

Contributing Area (acres) 472.790 

Non-DCIA Curve Number 72.00 

DCIA Percent 59.00 

Rainfall Zone Florida Zone 4 

Rainfall (in) 52.00 

 

Surface Water Discharge 

Required TN Treatment Efficiency (%)  

Provided TN Treatment Efficiency (%) 19 

Required TP Treatment Efficiency (%)  

Provided TP Treatment Efficiency (%) 16 

 

Groundwater Discharge (Stand-Alone) 

Treatment Rate (MG/yr) 0.000 

TN Mass Load (kg/yr) 0.000 

TN Concentration (mg/L) 0.000 

TP Mass Load (kg/yr) 0.000 

TP Concentration (mg/L) 0.000 

 

 



Load Diagram for User Defined BMP (stand-alone) 

 

Load 

N: 1,605.05 kg/yr 

P: 300.05 kg/yr 
→ 

Treatment 

N: 19 % 

P: 16 % 
→ 

Surface Discharge 

N: 1,299.29 kg/yr 

P: 253.54 kg/yr 

  ↓  
Mass Reduction 

N: 305.76 kg/yr 

P: 46.51 kg/yr 

 

Load Diagram for User Defined BMP ( As Used In Routing) 

 

Upstream Nodes 

None 

Load 

N: 1,605.05 kg/yr 

P: 300.05 kg/yr 

Q: 1,062.65 ac-ft 

→ 
Treatment 

N: 19.05 % 

P: 15.5 % 
→ 

Mass Discharged 

N: 1,299.29 kg/yr 

P: 253.54 kg/yr 

Q: 1,062.65 ac-ft 

   ↓   

   
Mass Removed 

N: 305.76 kg/yr 

P: 46.51 kg/yr 

  

 

Summary Treatment Report Version: 4.3.5 

Project: Pearce Drain 

 

Analysis Type: BMP Analysis 

BMP Types:  

     Catchment 1 - (Pearce 

Drain Reservoir Industrial) 

User Defined BMP 

Based on % removal values to 

the nearest percent 

Date:11/14/2023 
 

Routing Summary 

Catchment 1 Routed to Outlet 

 



Summary Report 
Nitrogen 

Surface Water Discharge   

Total N post load 1605.05 kg/yr  

Percent N load reduction 19 %  

Provided N discharge load 1299.29 kg/yr 2864.93 lb/yr 

Provided N load removed 305.76 kg/yr 674.21 lb/yr 

 

Phosphorus 

 

Surface Water Discharge 
  

Total P post load 300.046 kg/yr  

Percent P load reduction 16 %  

Provided P discharge load 253.539 kg/yr 559.05 lb/yr 

Provided P load removed 46.507 kg/yr 102.548 lb/yr 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 
  

 
 
 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Life Cycle Cost for NSBB 



FSA Educational Foundation BMP Life-Cycle Tool

For Life Cycle Of: 20 Years

 

TOTAL N TOTAL P TSS PARAMETER- 

USER CHOICE

FOR 20 YEAR DURATION
ESTIMATED POLLUTANT 

REMOVAL (LBS/YR) 674.0854 102.537 62,179.20 20

ESTIMATED COST PER POUND 

OF POLLUTANT REMOVED (LOW 

END OF RANGE) ($/LB)

$97 $639 $1.05 $3,275

ESTIMATED COST PER POUND 

OF POLLUTANT REMOVED (HIGH 

END OF RANGE)($/LB)

$111 $727 $1.20 $3,725

© Florida Stormwater Association Educational Foundation 2021

Unit Cost Summary

Estimated Present Worth Nutrient Removal Unit Costs

Pearce Drain Flood Reservoir

ESTIMATED POLLUTANT 

REMOVAL (LBS FOR LIFE CYCLE 

DURATION)

13481.71 2050.74 1243584 400



FSA Educational Foundation BMP Life-Cycle Tool
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D
u

ra
ti

o
n

20 years

Estimated Cost 

Low
1

Estimated Cost 

High
2

44,064$                66,096$                  

 1 time 

Replacement Cost

Replacement 

Cost  (Present 

Worth Assumed)

11 60 0.3 637,737$              212,579$                 $           1,116,000  $           372,000 

0 0 #DIV/0! 1,000$                  -$                         $                       -   

 #N/A #N/A 1,000$                  -$                         $                       -   

 #N/A #N/A 1,000$                  -$                         $                       -   

 #N/A #N/A 1,000$                  -$                         $                       -   

 #N/A #N/A 1,000$                  -$                         $                       -   

 #N/A #N/A 1,000$                  -$                         $                       -   

 #N/A #N/A 1,000$                  -$                         $                       -   

 #N/A #N/A 1,000$                  -$                         $                       -   

 #N/A #N/A 1,000$                  -$                         $                       -   

8,181$                    14,317$              

Unit
% of Initial 

Cost 

Present Worth 

Factor
Present Worth Annual cost

14.4731 % of Initial Cost Present Worth Annual Cost

11 1 5.00% 461,501$              31,887$                  1.00% 161,520$            11,160$             

0 1 0.00% -$                      -$                        1.00% -$                    -$                    

 0 0.00% -$                      -$                        0.00% -$                    -$                    

 0 0.00% -$                      -$                        0.00% -$                    -$                    

 0 0.00% -$                      -$                        0.00% -$                    -$                    

 0 0.00% -$                      -$                        0.00% -$                    -$                    

 0 0.00% -$                      -$                        0.00% -$                    -$                    

 0 0.00% -$                      -$                        0.00% -$                    -$                    

 0 0.00% -$                      -$                        0.00% -$                    -$                    

 0.00% -$                      -$                        0.00% -$                    -$                    

Unit $/ unit
Present Worth 

Factor
Present Worth Annual cost $/ unit Present Worth Annual Cost

 0 -$            -$                      -$                        -$                  -$               -$              

 0 -$            -$                      -$                        -$                  -$               -$              

 0 -$            -$                      -$                        -$                  -$               -$              

0 -$            -$                      -$                        -$                  -$               -$              

0 -$            -$                      -$                        -$                  -$               -$              

0 -$            -$                      -$                        -$                  -$               -$              

0 -$            -$                      -$                        -$                  -$               -$              

0 kwh -$                      -$                        -$                    -$                    

461,501$              161,520$            

31,887$                  11,160$             

1 - Opinion of Probable Construction Cost on Base Bid Item List Projected Out to Time of Construction 

2 - Opinion of Probable Construction Cost plus Contingency plus Add-Alternate Bid Items as Applicable

3 - These are the values used on the Unit Cost Summary Sheet for computing benefit/cost information

Water Quality Project Life Cycle Cost Analysis

637,737$              956,606$                

A
lt

e
rn

a
ti

v
e

Pearce Drain / Gap Creek Watershed Flood Mitigation Site

Economic Evaluation Duration

Capital Cost Annualized over the Project Evaluation Duration

R
e

p
la

ce
m

e
n

t 
C

o
st

s

Expected 

Service Life 

(Years)

# Replacements 

Over Project Life

C
o

n
st

ru
ct

io
n

 

C
o

st

Initial Capital Cost

Capital Cost, Range

#N/A

#N/A

#N/A

#N/A

#N/A

Replacement Costs

Baffle Box/ Gross Pollutant Separators

0

#N/A

#N/A

372,000$            

Upper End of Estimated Annual Costs for Selected 

Elements (Optional)

#N/A

Replacement Cost  

(Present Worth 

Assumed)

Upper End of Estimated Replacement Costs for 

Selected Elements (Optional)

 1 time 

Replacement 

Cost

0

0

A
n

n
u

a
l 

C
o

st
s

Annual Costs

Maintenance Cost of Items Listed in Replacement Cost 

Section.  NOTE!: Must be in same order as Replacement 

Costs above as Annual Costs link to Replacement Cost 

Entries
Baffle Box/ Gross Pollutant Separators

0

#N/A

#N/A

#N/A

TOTAL PRESENT WORTH OF ANNUAL COST

Other Maintenance Costs, $/unit

1,490,000$                                              

TO 90,000$                                                    

TOTAL OF ANNUAL COSTS

ESTIMATED REPLACEMENT + O&M                        

ANNUALIZED COST RANGE
40,070$                         TO 25,480$                                                    

TOTAL ANNUALIZED COST RANGE 80,000$                         

LC
C

TOTAL PRESENT WORTH COST RANGE
3 1,310,000$                   TO

LC
C

0

Electrical Energy

212,579$                

Replacement Costs Annualized over the Project Life

TOTAL PRESENT WORTH OF REPLACEMENT COST

#N/A

#N/A

#N/A

#N/A

0

0

0

0

#N/A
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CFI Process Overview 
EVALUATION SHEET 
District staff review CFI applications and develop concise one-page 
evaluations of potential projects. The staff evaluation is divided into six 
sections: project identification, description, evaluation, strategic goals, 
funding, overall scoring and recommendation. 

Project Identification: Project Number, Title, Cooperating Entity 
(Cooperator), Risk Level and whether it is a Multi-Year Project. 

Description: Concise description of the project including benefits and 
costs. 

Evaluation: Includes six sections (Initial Application Quality, Project 
Benefit, Cost Effectiveness, Past Performance, Complementary Efforts, 
and Project Readiness) with scoring criteria associated with each 
section. 

Strategic Goals: Separate section tied to the SWFWMD Strategic Plan. If 
project does not meet a Regional Priority or Strategic Initiative the project 
will not be recommended for funding. 

Overall Scoring and Recommendation: Based on staff evaluation and 
scoring in both the evaluation and strategic goals sections. A project 
with a 1A Priority means it is an ongoing project approved for multiple 
years. With multi-year projects applicants are required to request funds 
through the CFI cycle each year. 

Funding: Identifies the funding sources for the project including the 
District’s share, Cooperator’s share, as well as any other outside funding. 
Funding from prior, proposed and future fiscal years is provided. 
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CFI Process Overview 
 

All Project Type Criteria 
Initial Application Quality – 0 or 5 
points based on the assessment of 
the application submitted the first 
Friday of October. Scores are either 
0 points for not enough 
information to properly evaluate 
the project for funding 
consideration or 5 points for all 
information was provided at the 
time of application. 
 
Past Performance – 0, 2 or 5 points 
are assigned to Cooperators based 
on whether projects are on plan, 
the timely return of cooperative funding agreements, and expending budgeted funds per funding requests. 
 
Project Readiness – 0-10 points are a sum of two sub criteria: start date (5) and program/construction ready (5). Start date 
(0-5 points) – start date refers to the date in which expenditure will begin (not encumbering funds or procuring services) 5 
points if project starts on or before December 1, 2 points if project starts on or before March 1, 0 points if starts after March 
1, Program or Construction is Shovel Ready (0-5 Points) – Conservation Program is already established and implementation 
of conservation elements will begin on or before December 1 = 5 points. Study supports and aligns schedule with Governing 
Board prioritized initiatives = 5 points. WMP with available LIDAR as of December 1, 2024. Design and permitting will be 
completed and project is out for construction bids on or before December 1 = 5 points. 0 points for projects that are not 
shovel ready by December 1. 
 
Strategic Goals - Scored 25 points if project aligns with both a Strategic Initiative and a Regional Priority or for water 
quality projects consistent with the Executive Order 19-12. Scored 20 points if project aligns with multiple Strategic 
Initiatives. Scored 15 points if project aligns with a Strategic Initiative but not a Regional Priority.  If project does not meet a 
Regional Priority or Strategic Initiative the project will not be recommended for funding.  

 
Project Type Specific Criteria 

Project Benefits (0-25 Points), Cost Effectiveness (0-25 Points) and Complementary Efforts (0-10 Points) are scored based on 
metrics developed through analysis of previous projects and efforts that support continued success of the project type being 
evaluated. Example – For Water Quality Project Type criteria: The pounds of Total Nitrogen (TN) removed, and the receiving 
water body determine the project benefit score. The cost per pound of TN removed is used to score cost effectiveness. The 
complementary efforts are scored based on the number of initiatives the Cooperator has implemented to improve water 
quality such as having a dedicated stormwater fee, street sweeping program, pet waste ordinance, fertilizer ordinance, 
and/or active education campaign.  
 

 
 

 

Criteria Highest Points Possible Scoring Criteria 

Initial Application Quality 5 All Project Types 

Project Benefits 25 Project Type Specific 

Cost Effectiveness 25 Project Type Specific 

Past Performance 5 All Project Types 

Complementary Efforts 10 Project Type Specific 

Project Readiness 10 All Project Types 
Strategic Goals 25 All Project Types 

Total Score 105  
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METRICS FOR SCORING COST EFFECTIVENESS 
 

Water Supply Projects 
Project Type 5 Points 

 
10 Points 

 
15 Points 

 
20 Points 

 
25 Points 

 Reuse (cost/gpd) $13 - $10  $10 - $8  $8 - $5  $5 - $2.5 < $2.5 
Brackish (cost/gpd) $25 - $20  $20 - $15  $15 - $12.5  $12.5 - $10 < $10 
Surface Water (cost/gpd) $25 - $20  $20 - $15  $15 - $12.5  $12.5 - $10 < $10 
Seawater (cost/gpd) $35 - $30 $30-$25 $25-$22 $22-$20 < $20 
Other AWS (cost/gpd) $25 - $20 $20-$15 $15-$12.5 $12.50-$10 < $10 
Conservation 
(cost/1000 gallons saved) $6.00 - $5.50 $5.50 - $4.50 $4.50 - $3.00 $3.00 - $2.50 < $2.50 

Water Quality Projects (cost/lb. of pollutant removed) 
Project Type 5 Points 10 Points 15 Points 20 Points 25 Points 
Total Nitrogen (cost/lb.) $475-$400 $400-$300 $300-$225 $225-$150 < $150 

Natural Systems Restoration Projects (cost/acre restored; cost/linear foot restored) 

Project Type 5 Points 10 Points 15 Points 20 Points 25 Points 
Shoreline Restoration ($/lf.)  $1250-$900 $900-$750  $750-$650  $650-$500 ≤$500 

Hydrologic Restoration $21k-$18k $18k-$9k $9k-$4k $4k-$1500 ≤$1500 

Combined Elements $100k-$75k $75k-$54k $54k-$28k $28k-$15k ≤$15k 

Flood Protection Projects 
Project Type 5 Points 10 Points 15 Points 20 Points 25 Points 
BMPs (benefit/cost  ratio) 
Required Projects Over $500k 0.50 < 0.70 N/A > 0.70 < 0.90 > 0.90 < 1.10 ≥ 1.10 

BMPs (when benefit/cost 
ratio is not available for 
projects under $500k) 

 
 
 
 
 
 
 

 

Higher than 
Other Projects 

N/A Similar to 
Other Projects 

N/A N/A 

WMP Urban (cost/sq. mile): $109k-$95k $95k-$83k $83k-$72k $72k-$66k <$66k 
WMP Rural (cost/sq. mile): $27k-$22k $22k-$17k $17k-$13k $13k-$11k <$11k 
WMP Mixed (cost/sq. mile): $55k-$45k $45k-$34k $34k-$22k $22k-$17k <$17k 
WMP Update Urban (cost/sq. 
mile): 

$55k-$44k $44k-$35k $35k-$27k $27k-$25k <$25k 

WMP Update Rural (cost/sq. 
mile): $14k-$11k $11k-$9k $9k-$7k $7k-$5k <$5k 

WMP Update Mixed (cost/sq. 
mile): $28k-$24k $24k-$21k $21k-$16k $16k-$14k <$14k 
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METRICS FOR SCORING PROJECT BENEFIT 

Water Supply Projects 
Project Type 5 Points 10 Points 15 Points 20 Points +5 Points
Reuse (MGD) 

< 0.2 MGD  0.2-0.66 MGD 0.66-1.5 MGD > 1.5 MGD
Identified as a regional 
priority in the Strategic 

 Brackish (MGD) 
< 0.1 MGD  0.1-0.5 MGD 0.5-1.0 MGD > 1.0 MGD

Identified as a regional 
priority in the Strategic 

 Surface Water (MGD) 
< 0.1 MGD  0.1-0.5 MGD 0.5-1.0 MGD > 1.0 MGD

Identified as a regional 
priority in the Strategic 

 Seawater (MGD) 
< 0.1 MGD  0.1-0.5 MGD 0.5-1.0 MGD > 1.0 MGD

Identified as a regional 
priority in the Strategic 

 Other AWS (MGD) 
< 0.1 MGD  0.1-0.5 MGD 0.5-1.0 MGD > 1.0 MGD

Identified as a regional 
priority in the Strategic 

 Conservation 
(total gallons saved) 1,000-5,000 5,000-10,000 10,000-25,000 25,000-50,000 > 50,000

Water Quality Projects (lb. of pollutant removed and waterbody) 
Project Type 5 Points 10 Points 15 Points +10 Points
Total Nitrogen (lbs.) 50-100 lbs. 100-1000 lbs. >1000 lbs. Impaired, SWIM or Ridge Lakes Waterbody 

Restoration Projects (acre restored; linear foot restored) 
Project Type 5 Points 10 Points 15 Points 20 Points 25 Points 
Shoreline Restoration 
(lf.) 

400-700 700-1000 1000-1250 1250-1500 > 1500

Hydrologic Restoration  12 - 30 acres 30 - 90 acres 90 - 200 acres 200 - 400 acres > 400 acres
Comprehensive 
Ecosystem Restoration 1 - 2 acres 2 - 4 acres 4 - 6 acres 6 - 25 acres > 25 acres

Recharge Restoration 
(benefits) The total score for Recharge Restoration Projects is based on the sum of the following individual 

benefits: Project in priority area for recharge (8 points) + Project directly benefitting an MFL and/or 
aiding in mitigation of saltwater intrusion (8 points) + Project with quantifiable potable water benefits 
(4 points; regional suppliers only) + Project with quantifiable water quality benefits (5 points). 

Flood Protection Projects 
Project Type 10 Points 15 Points 20 Points 25 Points 
BMPs (benefits) Benefits are from benefits cost ratio spreadsheet provided by Cooperator. Points assigned = street 

flooding (0-5 points) + number of vehicles (0-5 points) + structure flooding (0-5 points) + number of 
structures (0-5 points) + and intermediate (3 points) or regional system (5 points). 

Watershed 
Management  Plan 
(sq. mile)  

Watershed model 5-
10 years old 

Partial Planning 
Unit, No model or 
+10 years old 

Partial or Entire 
Planning Unit, No 
model or +10 years 
old, update DFIRMs 

Entire Planning 
Unit, No model or 
+10 years old, 
update DFIRMs 

Watershed 
Management Plan 
Updates (sq. mile) 

Watershed model 
5-10 years old, 
update is justifiable 
or Partial Planning 
Unit, model +10 
years old 

Entire Planning 
Unit, model +10 
years old 

Partial Planning 
Unit, model  +10 
years old, update 
DFIRMs or Entire 
Planning Unit and in 
top 20  

Entire Planning 
Unit, No model or 
+10 years old, 
update DFIRMs, 
and top 20 update 
list 



 

 

 

 
 
 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Baffle Box Effectiveness provided by Old Castle Infrastructure 
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This project was funded by an Urban BMP Research Grant from the Bureau of 
Watershed Restoration, Department of Environmental Protection. Total project cost 

was $347,272, of which DEP provided $347,272, or 100% 
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Executive Summary 

GPI Southeast, Inc. (GPI-SE) was engaged by Sarasota County using funding from the 
Florida Department of Environmental Protection (FDEP) to determine the pollutant removal 
effectiveness of Type 1 and Type 2 baffle box BMPs. Type 2 baffle boxes have horizontal 
sieve screens above the pipe inverts so that floating organic matter and suspended sediments 
can be trapped above the water filled vaults. The design hypothesis for the screen is that 
organic matter trapped above the water will not leach nutrients into the water filled vault 
below. Type 1 baffle boxes do not have horizontal sieve screens, rather, they have swinging 
vertical screens that are ineffective for capturing debris. 
 
A mass loading methodology was developed for long term monitoring and evaluation of the 
mass removal of stormwater pollutants by baffle boxes and applied to four full scale field 
installations in Florida.  Two Type 1 baffle boxes in Stuart and two Type 2 baffle boxes were 
monitored, one in Rockledge and one in Sarasota. A primary objective of the monitoring was 
to determine if Type 2 baffle boxes were more effective than Type 1 baffle boxes at removing 
nutrient mass loadings associated with organic debris trapped in the screens.  All four baffle 
boxes were monitored for over two years for seven or more storm events using a combination 
of influent and effluent autosamplers to measure water column pollutants as Event Mean 
Concentrations (EMCs), and manual cleaning of sediment and debris from screens and vaults 
to measure masses of settleable and floating pollutants. Fourteen pollutants were monitored 
under this program, but the principal pollutants of concern were Total Nitrogen and Total 
Phosphorus. 
 
A quantitative evaluative methodology was devised to estimate and compare the total 
pollutant mass removal in the water column, bottom chamber material, and strainer screen 
material trapped in a baffle box. Results from monitoring the four baffle boxes are shown in 
Table 1.  
 
The results of this study clearly demonstrated that Type 2 baffle boxes are more effective than 
Type 1 baffle boxes for removing TN and TP from stormwater runoff. The improved 
effectiveness is attributed to the horizontal screens used in Type 2 baffle boxes. The mass of 
nutrient material collected in the screens exceeded the mass of nutrients in the water column. 
At both Type 2 baffle box locations there were significant masses of leaves collected from the 
vault boxes, indicating that the screens were only partially effective in removing leaves from 
stormwater flows.  
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Table 1 – Baffle box pollutant removal efficiencies 

 
Note: TN and TP mass removal efficiencies for Type 2 baffle boxes are from watersheds with 
at least 44% tree canopy coverage. Since the majority of the gross solids collected in Type 2 
baffle boxes was leaf material, watersheds with less than 44% tree canopy coverage will have 
lower mass removal efficiencies than shown in Table 1. 
 
Both Type 1 and Type 2 baffle boxes showed net exports of fecal coliforms. Interevent 
sampling of Type 2 vault box water showed anaerobic conditions indicative of biological 
decomposition of organic material (predominantly leaves) leading to bacterial growth. 
 
Monitoring results definitively showed that when performing an assessment of pollutant 
removals by baffle boxes, one must be cognizant of the materials not captured by typical 
autosamplers, including larger size sediment particles, large floating and suspended organic 
matter, and the pollutants associated with these materials. Using water column EMCs as the 
sole measure of performance can significantly underestimate loading reduction of stormwater 
constituents.        
 
Upstream watershed characteristics greatly influence the mass removal efficiency of baffle 
boxes. The use of Type 2 baffle box BMPs are recommended when: 
 

1. The pollutants targeted for reduction are nutrient based, and 
2. There are no upstream BMPs such as ponds, exfiltration trenches, swales, inlet traps, 

or other filtration unit processes, and 
3. The streets in the watershed have curb and gutters, and 
4. The tree canopy coverage in the watershed exceeds 25%. 



 

Background 

Urban stormwater is an aqueous matrix containing a highly heterogeneous ensemble of solid 
components that span a size range from dissolved and colloidal to tens of centimeters 
(Roesner et al., 2007; Rushton et al., 2009). Stormwater solids include suspended sediment, 
bedload material transported by ablation, and large floating and suspended materials including 
grass, leaves, twigs and human derived trash. The size, density, and organic and inorganic 
composition of stormwater solids are highly variable. These factors greatly affect solids 
transport in conveyance systems and the amenability of stormwater solids to treatment 
through physical processes of skimming, straining, sedimentation, and filtration. 
 
Although significant effort has been expended in characterizing solids removal by stormwater 
treatment devices, an approach is lacking that can unify the disparate components of 
stormwater solids in an integrated monitoring and evaluation framework.  A number of 
factors hamper this effort.  Urban stormwater runoff has extremely variable flowrates.   The 
mass and composition of stormwater solids can change significantly over the course of single 
runoff events, and are influenced by factors including soil type, topography, land use, and 
magnitude of runoff (Kim and Sansalone, 2008).  No single sampling technique is adequate 
for all types of stormwater solids.  Stormwater treatment systems vary significantly in their 
design and configuration, and differential retention of solids components occurs at various 
applied flowrates.  High flowrates can scour and remove previously deposited solids.  These 
factors make it difficult to develop standardized monitoring protocols that represent solids 
content across the entire range of solids size and density (Clark et al., 2009; Strecker et al., 
2001). Stormwater solids are also significant in affecting the fate and transport of urban 
stormwater constituents that sorb to stormwater solids or that are elemental components of the 
solid material itself.  Stormwater constituents associated with solids include nitrogen (Taylor 
et al., 2005), phosphorus (Settle et al., 2007), heavy metals (Davis and Birch, 2009; Sansalone 
and Ying, 2008; Herngren et al., 2005), pathogenic indicator organisms (Characklis et al., 
2005), and polycyclic aromatic hydrocarbons (Lau et al., 2009; Jartun et al., 2008; Hwang and 
Foster, 2006; Brown and Peake, 2006).  Stormwater loadings of these constituents are a 
significant driver of impaired water quality and are inseparably linked to the retention of 
stormwater solids by treatment devices. 
 
A standardized system for classifying stormwater solids was recently proposed based on 
particle sizes (Roesner et al., 2007).  The size categories of stormwater solids were defined as 
dissolved (<2µm), fine (2-75µm), coarse (75µm–5 mm) and gross (> 5mm).  The 2µm filter 
is similar to nominal filter pore sizes used in standard total suspended solids analyses, and 
delineates dissolved and colloidal materials that are typically not removed in sedimentation-
based treatment devices.  The No. 200 Sieve (75 µm) is the dividing boundary of fine and 
coarse stormwater solids and is the Unified Soil Classification System (USCS) divide 
defining the division between silt and sand (ASTM, 2006).  Fine stormwater solids include 
clay, silt, and organic detritus from decomposition of larger organic materials.  The No. 4 
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Sieve (5 mm) divides coarse from gross stormwater solids, and distinguishes between sand 
and gravel in USCS.  Coarse solids include sand sized sediment and larger inorganic solids, 
organic detritus, larger organic solids such as leaf components, and human derived solids.  
Gross solids larger than 5mm include coarse sediment, organic matter such as twigs, leaves, 
grass, and pine needles, and human derived solids such as plastics, paper containers, 
styrofoam, and glass. 
 
The ability of treatment devices to remove constituents of urban stormwater has traditionally 
focused on reduction of concentrations in flow weighted water column samples.  For example, 
the International BMP Database provides an extensive compilation of performance 
evaluations of stormwater treatment devices for numerous water quality parameters (ASCE, 
2009) and monitoring guidance for producing appropriate data sets (EPA, 2002).  The primary 
performance metric employed by the database is flow weighted composite samples of influent 
and effluent water column, defined as EMCs.  Autosampler-based EMC data are commonly 
used in many evaluations of stormwater treatment performance (Lee at al., 2007; Kim et al., 
2005). 
 
The traditional EMC approach is based on the use of autosamplers to collect flow composited 
samples of influent and effluent.  A weakness in using EMCs is that autosamplers cannot 
sample the entire range of stormwater solids.   This report uses an approach based upon the 
recommendations of the ASCE Guidelines for Monitoring Stormwater Gross Solids (Rushton, 
et.al. 2009) to estimate baffle box pollutant removal on a mass removal basis, including a 
description of a specifically designed monitoring program and a quantitative evaluative 
methodology. The goal of this approach is to measure masses of pollutants 1) in the water 
column using traditional EMC values and conversion factors, 2) in the sediment and 
herbaceous material accumulated in the bottom chamber, and 3) in the sediment and 
herbaceous material collected in the screens above the water. Summing of the masses 
removed continuously over a two year period will enable calculation of annual mass removal 
efficiency. Using a mass based efficiency calculation will give a more accurate evaluation of 
baffle box performance than just an EMC based calculation. 
 

Baffle Box Technology 

Experimental Evaluation 

The baffle box is a structural stormwater treatment device that contains a series of settling 
chambers separated by baffles (Fig. 1).  The unit processes utilized are sedimentation and 
filtration. In Florida, baffle boxes are used in retrofit scenarios where typical new 
development BMPs cannot be employed. A baffle box can be used with single or multiple 
inflow pipes and in offline or online designs. The “Type 2” baffle box is distinguished from 
the “Type 1” baffle box in that the Type 2 contains a sieve screen located above the water 
filled bottom chambers and collects larger floating and suspended materials. 
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Figure 1- Schematic of Type 2 baffle box showing sieve screen 

 
Capture of stormwater sediment particles through the sedimentation unit process in a baffle 
box is a function of the particle size and density.  Larger stormwater particles that move by 
ablation along the bottom of the influent pipe immediately settle into the chambers upon entry 
into the baffle box.  Organic matter has a lower density than inorganic particles, making the 
capture of an equivalent size organic particle less likely than an inorganic particle with 
intrinsic density of 2.5 g/cc (Kayhanian, et al., 2008). Organic material consisting of ground 
up organic debris cannot be distinguished or separated from inorganic sediment. Standard 
methods used for TSS analysis do not differentiate between organic and inorganic sediments, 
leading to inherent inaccuracies in calculations of organic loadings in stormwater based solely 
on TSS measurements. In this study, the Percent Organic Matter test was used to determine 
the fraction of the dry mass of solids collected in the baffle boxes that was organic.  
 
The Type 2 baffle boxes contain a basket-shaped strainer screen with 1.3 to 2 cm openings 
that is mounted above the bottom chamber baffles (Fig. 2).  The strainer screen provides a 
second mechanism for removal of stormwater solids.  Larger floating and suspended 
materials, including leaves, pine needles, and natural and human derived trash and debris, are 
retained on the screen by physical straining.  Material captured in the  baffle box screen 
during runoff events is held above the surface of the water column in interevent periods, thus 
reducing the potential for leaching of constituents into the water column and  
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Figure 1 - Sieve strainer screen of Type 2 baffle box 
 

 
enhancing the opportunity to dry.  Material that is captured and retained by the screens can 
form a mat on the screen surface, reducing the effective size of openings through which 
runoff passes.  The result is the retention of stormwater particles that are smaller than the 
screen openings. 

Project Sites 
In order to monitor a baffle box or any BMP in the field, it is critical to choose a location that 
allows the researcher to control the flow and water quality variables to a degree that provides 
accurate results. Taking the laboratory to the field is difficult. Site selection criteria that were 
used for this baffle box monitoring program included: 
 

• The baffle box had one influent pipe and one effluent pipe. 
• There were no base flows through the pipes. 
• There were no bypass flows during large storms. 
• There were no backflows into the baffle box from adjacent streams, bays, or ocean. 
• The baffle box was not located in a roadway. Access dictated a location outside of the 

pavement for safety reasons. 
• For the rain gauge and solar panels to operate there was no tree coverage over the site. 
• The autosamplers are expensive equipment. A site was chosen in neighborhoods 

where the vandalism potential was low. There was room for a theft proof enclosure to 
be placed in a yard or next to a road. Adjacent property owners were canvassed to 
ensure their cooperation with technicians accessing equipment at any hour. 

• Technicians were able to park vehicles adjacent to the site to perform collection 
activities. Lane closures of roadways were avoided. 
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• In this study leaf collection was a major objective for the Type 2 baffle boxes. 
Therefore drainage basins were chosen for the Type 2 boxes that had significant tree 
canopy coverage. 

• All four drainage basins were chosen with primarily residential land use in order to 
have similar pollutant loadings. 

• The interior of the BMPs had sufficient clearance and access to enable a technician to 
install equipment and take samples. 

• The sites were within reasonable driving distance of technicians making weekly visits 
to inspect and calibrate equipment. 

• At the Type 2 locations there were no upstream BMPs in the drainage basin, including 
roadside swales that would filter pollutants, especially gross solids, before they 
entered the baffle box. The roadways had curb and gutters. 

 
The monitoring study was conducted on four full-scale baffle boxes in Florida. Characteristics 
of the baffle boxes that were monitored in this study are summarized in Table 2.  The 
Rockledge and two Stuart sites were located on the eastern central coast of Florida.  Sutron 
Corporation was used to collect data at the three east coast sites.  The Sarasota site was 
located on Florida’s southwest coast.  Due to the long distances between Sarasota and the east 
coast sites, a Sarasota based PBSJ office was chosen for data collection at the Oriole Drive 
site.  The laboratories used for analyses of samples from the east coast sites were Harbor 
Branch Environmental, Inc., Genapure Analytical Services, Inc., and Mactec Engineering and 
Consulting, Inc.  The laboratories used for the Oriole Drive sample analysis of the Sarasota 
site were Sanders Laboratories, Inc., U.S. Biosystems, and Mactec Engineering and 
Consulting, Inc. 
 
All four baffle boxes evaluated in the study had a single entrance pipe and a single discharge 
pipe.  Land uses of the contributing drainage basins were single family residential and light 
commercial as summarized in Table 3.  Delineations of the contributing watersheds were 
shown in Figs. 3 through 6.  
 
Little John Lane Baffle Box (Rockledge) – Type 2 
The Little John Lane Baffle Box site receives runoff from a 16.18 acre drainage basin. The 
land use is single family residential with Type A soils and 0.4 acre lots. The streets have curb 
and gutter. There is a 44% tree canopy coverage, principally oak trees, in the basin that 
contribute to high levels of leaves trapped in the baffle box. All of the runoff is transported by 
sheet flow along the gutters until it reaches the intersection of Little John Lane and Rockledge 
Drive where 2 grated inlets intercept the water and small pipes convey the water to the baffle 
box. The grade of the land is steep, falling 15 feet from Brevard Ave. eastward to the Indian 
River. 
 
Oriole Drive Baffle Box (Sarasota) – Type 2 
There are 21 acres in the Oriole Drive drainage basin consisting of single family land use. The 
lots are ¾ to 1.0 acre in size. The roads have curb and gutters and storm drains throughout the 
basin. Oak and pine tree coverage in the basin is 86.8%. The grade of the land is moderate 
from east to west. Soil types in the area are B/D. 
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Lincoln Lane Baffle Box (Stuart) – Type 1 
The drainage basin for this baffle box consists of 102.91 acres of mixed used residential, light 
industrial, and park land uses. Almost all of the basin has curb and gutters.  A well developed 
stormdrain pipe system conveys water throughout the basin. The basin topography is flat with 
long times of concentration. In the northern end of the basin there are both a regional and two 
private wet detention ponds providing treatment for 27.85 acres. This treated area has curb 
and gutters. Downstream of those wet ponds there is no other stormwater treatment for the 
remaining 75.06 acres. Ground water west of the railroad tracks is low due to the low 
elevation of the adjacent Poppleton Creek. The soils in the basin are classified as Type A soils 
with high infiltration rates. Tree canopy coverage in the basin area downstream of the ponds 
is 9%. The trees are mostly isolated and scattered throughout the basin. Few of the trees are 
adjacent to streets where leaves could easily enter the storm drains. During the first seven 
months of monitoring, which corresponded to a drought period, the baffle box had no base 
flows from the upstream ponds. During the remainder of the monitoring period after the 
drought broke there were base flows measured through the baffle box.  
 
Parkway Lane Baffle Box (Stuart) – Type 1 
This baffle box receives runoff from 23.28 acres of single family residential property. There 
are no curb and gutters and no roadside swales. Most of the runoff in the basin is conveyed by 
sheet flow along the streets. There is one 900 foot long run of pipe leading to the baffle box. 
North of 7th Street, between SE Madison and SE Fini Drive, there is a vegetated swale in the 
alley receiving water from the northern parts of the drainage basin. The swale has a number of 
berms to create a series of cascading retention swales that lead to SE 7th. The ground water in 
much of the basin should be low due to the low elevation of the adjacent Krueger Creek. Soils 
in the drainage basin are predominantly B soils with moderate infiltration.  There is only 7.5% 
tree coverage in the drainage basin. Topography in the basin is flat with low flow velocities 
and little erosion. 
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1Type 1 does not include strainer screen; Type 2 includes strainer screen. 

Table 2 - Four baffle boxes monitored in study 
 

 

 

 
Table 3 - Watershed characteristics 

 

Site
Baffle 
Box 

Type1

Inner 
Length, 

ft.

Inner 
Width,    

ft.

Plan 
Area, ft2

Number of 
Chambers

Little John Drive, 
Rockledge City 2 9.83 5.00 49.2 3

Oriole Drive,    
Sarasota 2 9.00 5.00 45.0 3

Lincoln Avenue,      
Stuart City 1 9.00 4.17 37.5 3

SE Parkway Drive,     
Stuart City 1 9.00 4.17 37.5 3
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Figure 2 - Rockledge baffle box project location and watershed 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 - Sarasota baffle box project location and watershed 
 



Florida Baffle Box Monitoring Study Final Report January 2010 
 
 

 9 

 
 

Figure 4 - Lincoln baffle box project location and watershed 
 
 

 
 

Figure 5 - Parkway baffle box project location and watershed 
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Monitoring Approach 

The primary objectives of this project were to 1) provide a comprehensive representation of 
all pollutant masses removed by the baffle boxes, 2) compare the performance of Type 1 vs. 
Type 2 baffle boxes, and 3) provide recommendations for site selection criteria for use of 
baffle box BMPs. The monitoring program was developed to include three separate 
components: 
 

• Water column: autosamplers to collect flow composited samples of baffle box influent 
and effluent in runoff events to develop EMCs; 

• Bottom chamber material: discreet monitoring to determine total accumulated mass 
and to perform physical and chemical analyses; and 

• Strainer screen materials: quantifying total volume and captured mass of captured 
materials including gross solids components and to perform physical and chemical 
analyses of representative samples. 

 
To relate and integrate monitoring results for all three solids components, continuous flow 
monitoring over the whole test period allowed matching the three sampling components to 
their appropriate time frames and volumetric data. For instance, water column samples were 
matched to storm event flows that were high enough to trip autosampling. Gross solids 
samples were matched to total volumes of flow between sampling events, including the 
storms too small to trip the autosampler. Based upon the completeness of flow data at each 
baffle box site, a common time period was chosen at each site to combine the water column 
and gross solids data, enabling total mass calculations over the common time period. 
 
Multiple influent and effluent EMC pairs were used to represent overall water column 
removals over the common time period. The materials that accumulated in the bottom 
chamber and strainer screen were not amenable to event-based autosampler monitoring, 
requiring a different sampling approach. For solids collected in the bottom chamber and 
strainer screen, the total mass of solids that accumulated during the study period was 
determined by completely cleaning the baffle box at the start and end of the common study 
period, and by accounting for all mass removed through during the study period (tstart  < t < 
tend).  The common period of operation was defined by the initial baffle box cleanout (tstart) 
and the final cleanout (tend). Physical and chemical analyses of accumulated solids in the 
bottom chamber and strainer screen materials was performed on materials collected at the end 
of the study period and was not able to account for decomposition of collected material that 
may have occurred during storage. 
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Water column sampling and analyses methods were described in the Baffle Box Testing 
Program Final Quality Assurance Project Plan (QAPP) (Sutron Corporation, 2006) (QAPP), 
approved by FDEP. Baffle boxes were equipped with a rain gauge (ISCO 674), two 
refrigerated Portable Sequential Samplers (ISCO 6712), and an Area-Velocity Flow Module 
(ISCO 750).  Flowlink software was used to program the flow meter, collect precipitation 
data, and instruct autosamplers to initiate sample collection when cumulative event 
precipitation reached 0.508 cm. Autosampler initiation was also constrained by analyte 
holding times and laboratory availability. Flow composited samples were poured into 
prepared HDPE containers, placed on ice and shipped to the analytical laboratory within 
allocated holding times, except where noted.  Seven or more individual runoff events were 
monitored at each baffle box and a flow record was maintained through the study.  Analyses 
performed on water column samples are listed in Table 4.  Composite samples were analyzed 
using EPA methods for Total Suspended Solids (160.2), Total Kjeldahl Nitrogen (351.2), 
Ammonia (350.1), Nitrate+Nitrite (353.2), Total Phosphorus (365.1), Orthophosphate (365.1), 
and heavy metals (EPA 200.7). Grab samples were utilized to test for Fecal Coliforms (SM 
18-9222D).   

Water Column Sampling and Analysis 

 
Per the QAPP, sampling events were initially set to occur after 0.2 inches of rain in a 30 
minute time period. Sampling of several storms of this small magnitude resulted in sampling 
volumes too small to send to the lab. In order to meet the temporal nature of rainfall at the 
Rockledge and Stuart sites, several adjustments to the tripping criteria were tried, with the 
final criteria being a 0.4-inch storm in 15 minutes. 
 
Holding times were the maximum time between sample collection and lab analysis.  Holding 
times defined the time windows that could be used for autosampler collection, technician 
travel to site, sample preparation, shipping, lab receipt, and lab analysis. The QAPP defined 
holding times for the various parameters analyzed. The minimum holding times for water 
column samples were 4 hours for fecal coliform and 48 hours for Orthophosphate. 
Laboratories generally do not work overtime, meaning only storms occurring before 12:00 
P.M. could be sampled to meet the fecal coliform holding time. Many storms in Florida occur 
in the afternoon and evenings. For the first few months numerous afternoon storms were 
missed due to this holding time limitation. After consultation with FDEP the QAPP was 
amended to allow testing for fecal coliforms with grab samples independently from the 
autosampler samples and fecal tests became optional if the technician could reach the site 
during the morning hours. This QAPP revision allowed collection of storm samples any time 
of the day or night. 
 
At the Rockledge site a problem was encountered with the flow meter incorrectly recording 
data. The meter was recalibrated, then replaced, but still was showing erratic flows during 
storms. An inspection of the downstream pipe showed numerous spider webs hanging from 
the pipe soffit that were full of leaves. During storms these dangling spider webs over the 
flow meter caused interference with the readings. After removing the spider webs no further 
problems were encountered with the flow meter. 
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At the Sarasota site there were several set up problems and equipment failures in the first 
year. As a result, only one of the first five sampling events met QAQC protocols and was 
fully usable. 
 
  

 
 

Table 4 – Parameters measured 
 
 
 

 

 

Precision Accuracy 

(% RSD) (% Recovery)

Sieve Analysis (5 screens: #20, 
#40, #80, #100, <#200) Sediment/Solid N/A ASTM D422 N/A N/A

Percent Organic Matter Sediment/Solid % ASTM D2974 N/A N/A

Density Sediment/Solid g/cc ASTM D2937 N/A N/A

Total Nitrogen Sediment/Solid mg/kg EPA/CE81 12 64 - 136

Chemical Oxygen Demand Sediment/Solid mg/kg EPA 410.4 12 71 - 136

Total Phosphorus Sediment/Solid mg/kg EPA 365.4 14 70 - 132

Mercury Sediment/Solid mg/kg EPA 7470 12 67-141

Aluminum Sediment/Solid mg/kg EPA 6010 15 80 - 116

Barium Sediment/Solid mg/kg EPA 6010 9 88 - 111

Chromium Sediment/Solid mg/kg EPA 6010 7 88 - 112

Cadmium Sediment/Solid mg/kg EPA 6010 8 89 - 113

Iron Sediment/Solid mg/kg EPA 6010 18 79 - 138

Nickel Sediment/Solid mg/kg EPA 6010 7 85 - 111

Zinc Sediment/Solid mg/kg EPA 6010 18 80 - 125

Copper Sediment/Solid mg/kg EPA 6010 17 84 - 120

Acenaphthylene Sediment/Solid µg/kg EPA 8270 22 36 - 122

Benzo(a)pyrene Sediment/Solid µg/kg EPA 8270 9 55 - 117

Benzo(g,h,i)perylene Sediment/Solid µg/kg EPA 8270 13 56 - 123

Fluoranthene Sediment/Solid µg/kg EPA 8270 20 50 - 126

Fluorene Sediment/Solid µg/kg EPA 8270 14 40 - 131

1-Methylnaphthalene Sediment/Solid µg/kg EPA 8270 18 25 - 113

Naphthalene Sediment/Solid µg/kg EPA 8270 21 27 - 112

Pyrene Sediment/Solid µg/kg EPA 8270 13 51 - 121

Parameter Matrix Units Method
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Samples collected from Type 1 baffle box bottom chambers were almost entirely sediment or 
decomposed organic material. At the Lincoln Lane site 3,014 pounds of material were 
collected over the sampling period. At the Parkway Lane site only 87 pounds of material was 
collected over the sampling period.   

Bottom Chamber Sampling and Analysis 

 
Bottom chamber sampling and analyses methods were described in the QAPP.  The bottom 
chambers were sampled and cleaned at the end of each sampling period on the dates shown 
below. There was so little sediment accumulation in the Parkway baffle box that only one 
cleaning operation was performed at the end of the project. Cleanout masses are shown in 
Tables 15 – 18. 
 
At the Sarasota site only one bottom chamber sediment sample was correctly performed, on 
11/15/2007. On 1/27/2009 County crews inadvertently cleaned the bottom chamber and sieve 
screens without the knowledge of PBSJ.  Two other baffle boxes not associated with the 
project were also cleaned on the same day and the materials from all three baffle boxes were 
mixed and deposited at a County facility. Samples were taken of the mixed material from all 
three baffle boxes; however, sediment sampling results for this event were considered to be 
inaccurate. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Site Cleanout # Date

1 11/6/2007

2 3/9/2009

1 11/15/2007

2 1/27/2009

1 12/6/2007

2 2/26/2009

SE Parkway Drive,     
Stuart City 1 2/26/2009

Little John Drive, 
Rockledge City

Oriole Drive,        
Sarasota

Lincoln Avenue,      
Stuart City

Table 5 – Dates of box cleanouts 
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Before sampling, the depth of sediment was measured at multiple points in each chamber and 
total bulk volume was calculated using the average depth and chamber cross sectional areas.  
Sediment sampling and analyses were conducted following recommended procedures (EPA, 
2001) designated in the QAPP. For each chamber, numerous sediment samples were collected 
with a Stainless Steel Petite Ponar, mixed, placed into Ziploc bags for geotechnical analyses, 
into glass bottles for inorganics and metals analyses, and into glass bottles with Teflon lids for 
organics analyses. Ziploc bag samples for each separate chamber were shipped to the 
geotechnical laboratory. In the laboratory, a single composite sample was assembled for 
geotechnical analyses by combining samples from each bottom chamber in proportion to the 
volume accumulated in that chamber. Geotechnical analyses were conducted according to 
American Society for Testing and Materials methods (ASTM, 2009) and included wet and dry 
density (D2937), percent organic matter (D2974), and sieve analysis for Particle Size 
Distribution (D422).  Glass bottle samples for each separate chamber were placed on ice for 
shipment.  In the analytical laboratory, single composite samples for chemical analyses was 
assembled by combining material from each of the three chambers in proportion to the 
volume accumulated in each chamber. Analyses were conducted by the following EPA 
methods: Chemical Oxygen Demand (410.4), Total Nitrogen (351.2/353.2), Total Phosphorus 
(365.4), metals (6010), mercury (7470), and Polycyclic Aromatic Hydrocarbons (8270).  The 
geotechnical and chemical analyses results for the composite samples were used to represent 
the entire mass of solids removed from the bottom chambers at the end of the common study 
period (tfinal).  A list of analyses performed for material collected from the bottom chambers of 
the baffle boxes is listed in Table 4. 
 
Field sampling showed that materials in the bottom chambers of the Rockledge and Sarasota 
baffle boxes were a mixture of sediment and leaves that had not been trapped in the screen.  
See photographs in Appendix A. Laboratory analyses of composite bottom chamber samples 
indicated the percentage of the bottom chamber materials that were organic were 12.6% to 
16.7% for Rockledge and 55.8% for Sarasota baffle boxes. Percent Organic Material collected 
in the Stuart baffle boxes were 5.8% for Lincoln, and 7.5% for Parkway.  The higher levels of 
bottom chamber organic content at the Rockledge and Sarasota baffle boxes were ostensibly 
due to leaf and organic materials that had bypassed the sieve screen or to finer organic 
breakdown products that had passed through the screen. 
 
Results of the bottom chamber sampling were used to represent the entire mass of solids 
removed from the bottom chambers from all four baffle boxes over the common study 
periods.  
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Type 2 baffle boxes screens are designed to trap gross solids, primarily organic debris, and 
keep the material above the water in the vault, thus preventing nutrients from leaching into the 
vault water and out to receiving waters. At the two sites monitored, the organic debris was 
almost entirely leaves. There was no significant accumulation of grass clippings in the debris. 
Observations of collected mass in both Type 2 baffle boxes showed that after leaf mass 
collected just a few centimeters on the screens, the screen openings became blocked and the 
leaves became fine filters that trapped sediment as well as fine organic debris. The resulting 
mass of trapped material and sediment had very low porosity causing water to become 
trapped in the matted material and ponding above the vault water level in a micro pond in the 
basket. Interevent observations showed that the organic material stayed moist and sometimes 
submerged for days after a rain event. Ponded water in the screen was turbid even though 
water in the vault was clear, indicating that nutrients were leaching out of the organic debris. 
In addition, material collected from the vault chambers had a high number of leaves, 
demonstrating that the screens were only partially successful in keeping organic debris out of 
the water filled vaults. 

Sieve Screen Sampling and Analysis   

 
Sieve screen sampling and analyses methods were described in the QAPP.  The material 
captured on the strainer screen was removed nine and five times over the course of the study 
for Rockledge and Sarasota, respectively. Total masses cleaned are shown in Tables 15 – 18. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Site Cleanout # Date

1 3/13/2007

2 3/28/2007

3 4/20/2007

4 8/1/2007

5 11/6/2007

6 2/14/2008

7 6/18/2008

8 9/9/2008

9 3/9/2009

1 2/13/2007

2 7/26/2007

3 11/15/2007

4 7/17/2008

5 1/27/2009

Little John Drive, 
Rockledge City

Oriole Drive,        
Sarasota

Table 6 – Sieve screen cleanout dates 
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This material was a combination of leaves, organic debris, and sediment. For each removal 
event, the bulk volume of accumulated material was first estimated from the average depth 
and plan area of the strainer screen.  The material was placed in plastic bags and weighed in 
an as-collected state.  Strainer screen materials were processed for geotechnical and chemical 
analyses at the conclusion of the common study periods (tend). After bulk volume 
determination, the accumulated material was removed from the screens, weighed and 
transported to an indoor processing facility.  All of the material was spread out at 
approximately two-inch thickness on a polyethylene sheet to air-dry for 48 hours.  The 
material was then mixed and spread to a thickness of ½ inch and air-dried for an additional 72 
hours.  The material was mixed again, and human-derived trash was removed and quantified. 
 
The material was then divided into a grid with 20 regions. A large polypropylene scoop was 
used to collect 20 individual samples that were placed in empty polypropylene beakers (empty 
weights were recorded before material was collected).  The beakers containing the sampled 
material were dried for several days until the material was sufficiently dry to enable the fine 
sediment particles to be separated from the larger materials (predominantly leaves) using a 
1mm mesh non metallic screen.  The separation process was accomplished by moving the 
large material gently back and forth over the 1 mm grid screen, such that smaller particles 
were able to dissociate from the larger material while the leaves did not break apart.  The 
separation screen was placed over a tared polypropylene beaker.  The weight of the tared 
collecting beaker plus the material passing through the 1 mm screen was recorded before 
sending samples to geotechnical and analytical laboratories.  The remaining mass of the large 
sized material, from which the smaller sediment was derived, was removed and recorded 
before preparing samples for shipment to geotechnical and analytical laboratories. 
 
Samples of material > 1mm and < 1 mm were placed in Ziploc bags and shipped in a cooler to 
the geotechnical laboratory.  Geotechnical analyses were conducted according to ASTM 
methods and included wet and dry density (D2937), percent organic matter (D2974), and 
sieve analysis for Particle Size Distribution (D422).  Samples of > 1mm and < 1 mm materials 
were placed in glass bottles for inorganics and metals analyses, and glass bottles with Teflon 
lids for organics analyses, and shipped on ice to the analytical laboratory.  Analyses were 
conducted by the following EPA methods: Chemical Oxygen Demand (410.4), Total Nitrogen 
(351.2/353.2), Total Phosphorus (365.4), metals (6010), mercury (7470), and Polycyclic 
Aromatic Hydrocarbons (8270).  The analyses used for sieve screen samples are listed in 
Table 4.  The results of geotechnical and chemical analyses of composite samples were used 
to represent the entire mass of solids removed from the strainer screen of the Rockledge and 
Sarasota baffle boxes over the common study periods. 
 

 
  



Florida Baffle Box Monitoring Study Final Report January 2010 
 
 

 17 

 

Performance Assessment Methodology 

Storm Event Scale-Up 
Mass removals for the common periods were calculated individually for three components:   
1) water column runoff, 2) material accumulated in bottom chambers, and 3) material 
accumulated on the strainer screen.  Due to sampling thresholds, equipment failures, holding 
time limitations, and not sampling during Tropical Storm Fay for safety reasons, water 
column monitoring was not conducted for all runoff events that occurred in the common study 
period. However total flow volumes passing through the baffle boxes were recorded during 
the common study period. Therefore total water column mass removals were scaled up based 
on the ratio of total runoff volume during the common study period to the total monitored 
runoff volume: 
 

 

            (1) 

where:  R =  ratio of total runoff volume to monitored event runoff volume (-) 
 tot =  total runoff events in common period 
 n =  monitored runoff events in common period 
 Volumei =  volume of runoff event i (liter) 
 

Estimation of Mass Removals 
Total water column mass removal over the common periods were estimated as the sum of 
mass removals for the monitored events, scaled up to the total runoff volume treated by the 
baffle boxes during the study period. 
   

            (2)
  

where:   Mass WCM       =  water column mass removal in common period, (mg) 
 EMCeffi =  influent EMC of runoff event i, (mg/L) 
 EMCeffi                  =  effluent EMC of runoff event i, (mg/L) 
 
 
Mass removals of stormwater pollutants in bottom chamber materials were calculated as the 
product of the accumulated bulk volume, its dry bulk density, and the solids pollutant 
concentration. 
 

            (3) 
where: Mass BCM   =  mass removed in bottom chamber in common period, (mg) 
  Volume bcm=  bulk volume of bottom chamber material removed, (liter) 
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 ρbulk,bcm =  bulk density of bottom chamber material, (kg/L) 
 qbcm                  =  solid phase constituent concentration, (mg/) 
 
Mass removals of stormwater constituents in strainer screen materials were calculated as the 
product of the accumulated bulk volume, its dry bulk density, and the solid phase 
concentration. 

             (4) 
where:  MassSSM=  mass removed in strainer screen in common period, (mg) 
     =  bulk volume of strainer screen material removed (liter) 
 ρbulk,ssm  =  bulk density of strainer screen material, (kg/L) 
 qssm    =  solid phase constituent concentration, (mg/kg) 
 

Equivalent Concentration 
Traditional testing methods for the water column use an EMC measurement at the inflow and 
outflow points of a BMP. The difference in concentrations gives the percent removal 
efficiency of the device for one storm or group of storms based on the water column 
measurements. This method cannot be used for measuring gross solids because there is no 
method for measuring gross solids entering and leaving the BMP. The only measurement is 
mass of gross solids trapped in the BMP. Taking mass samples of gross solids upstream of the 
BMP would invalidate the measurement of masses trapped in the BMP.  
 
Therefore an alternative method was used to determine the mass removal efficiency of the 
Rockledge baffle box. Whole mass measurements (not samples) of effluent and gross solids 
leaving the baffle box were taken with a specially designed screening device, see Appendix 
A. While this device accurately captured large floating gross solids, its ability to capture 
bypass sediment particles was limited to visual rather then measured quantification. Results 
from the bypass test showed a 99% capture efficiency for the Rockledge baffle box, i.e. the 
mass of leaves and sediment captured in the bypass device were only a few grams, whereas 
the masses captured in the baffle box were hundreds of pounds. By summing the total mass of 
gross solids trapped in the baffle box with the total mass leaving the baffle box, the total 
influent gross solids mass was calculated.   
 
The equivalent concentration of captured solids and associated constituents is that which 
would occur if the captured material were homogenized and distributed uniformly into the 
entire volume of runoff treated during the common study period., (mg/L) 
   

              (5) 

             (6) 
where:    =  equivalent concentration of bottom chamber material (mg/L) 
   =  equivalent concentration of strainer screen material (mg/L)
             (7) 
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Derived Efficiency 
The baffle box monitoring configuration was not able to fully measure all components of 
stormwater solids entering and leaving the baffle boxes, precluding conventional approaches 
to estimating mass removal efficiency.  A new approach was developed to estimate mass 
removal efficieny for the baffle boxes in this study, based on the assumption that the influent 
water column samples plus the accumulation of solids in the baffle box account for all 
influent discharge mass, while effluent water column samples account for all discharge mass.  
The calculated mass removal efficiency is here termed the Derived Efficiency, and is 
calculated for individual constituents over the common period:  
 

  x  100             (8) 

 
where:     =    derived efficiency in common period.    The DE is an upper limit of removal 
efficiency because any passage of larger solids into the discharge would reduce the calculated 
efficiency.  
 
 

 

Results and Discussion 

Monitored Periods and Storm Events 
Baffle box monitoring periods are shown in Table 7, along with days of operation, total 
treated volume, and water column scale-up factor for constituent mass.  Monitored storm 
events are listed in Table 8, including precipitation associated with the monitored storm event 
and the total treated volume.  A runoff volume time series for the Rockledge baffle box is 
shown in Figure 7, which illustrates the dates at which the individual storm event monitoring 
was conducted.  The cumulative distribution of runoff events for Rockledge is shown in 
Figure 8, along with the position of the monitored storm events on the runoff volume 
distribution.  Similar plots are shown for the Sarasota, Lincoln, and Parkway baffle boxes in 
Figures 9 through 14.  Visual inspection of runoff distribution plots indicated that treated 
volumes of the monitored storm events were reasonably distributed over the runoff volumes 
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Table 7 - Baffle box monitoring periods 
 
 

 
 

Table 8 – Monitored storm events 
 

Site Start Date End Date Number of 
Days

Total 
Volume, 
million   
gallon

Treated 
Runoff 

Volume, 
inch/year

Monitored 
Storm 

Volume, 
million 
gallon

Water 
Column 
Scale Up 

Factor

Little John Drive, 
Rockledge City 10/11/06 3/9/09 880 2.94 2.8 0.290 10.1

Oriole Drive,    
Sarasota 11/1/06 1/27/09 818 13.0 10.2 1.16 11.2

Lincoln Avenue,      
Stuart City 10/2/06 2/26/09 878 17.9 2.7 0.232 77.2

SE Parkway Drive,     
Stuart City 10/2/06 2/26/09 878 5.79 3.8 0.560 10.3

Date Precip., in
Runoff 

Volume, 
gal.

Date Precip., in
Runoff 

Volume, 
gal.

Date Precip., in
Runoff 

Volume, 
gal.

Date Precip., in
Runoff 

Volume, 
gal.

1 3/16/07 0.52 12,765 11/16/06 0.86 33,791 4/10/07 1.11 30,693 5/14/07 1.19 29,020

2 4/10/07 0.81 17,932 12/21/07 0.48 75,241 5/13/07 0.72 11,362 7/25/07 0.46 2,306

3 7/24/07 0.41 17,249 6/21/08 0.61 46,855 5/14/07 0.72 25,639 8/14/07 2.34 165,267

4 7/31/07 0.79 36,207 7/6/08 1.24 122,926 5/24/07 0.27 10,503 12/14/07 0.74 20,311

5 8/2/07 1.47 77,943 8/4/08 0.67 91,645 7/23/07 0.42 35,146 3/6/08 2.32 377,526

6 8/23/07 0.92 43,817 8/8/08 1.16 197,450 7/25/07 0.68 40,321 3/30/08 2.61 291,140

7 10/18/07 1.24 53,900 8/9/08 0.79 108,026 7/30/07 0.49 43,728 10/18/08 1.30 46,646

8 2/12/08 0.89 30,392 9/9/08 2.72 395,393 2/12/08 1.16 34,748 - - -

9 - - - 9/30/08 0.50 24,639 - - - - - -

10 - - - 10/6/08 0.91 32,968 - - - - - -

11 - - - 1/13/09 0.71 30,745 - - - - - -

Lincoln Avenue,            
Stuart City

SE Parkway Drive, Stuart 
City

Storm Event 
Number

Little John Drive, 
Rockledge City

Oriole Drive,               
Sarasota
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treated by the baffle boxes over the time period of the study.  The flow rate data collected by 
flow monitors was used directly to calculate treated volume for three of the four baffle boxes; 
a different procedure was applied to the Lincoln Ave. baffle box volume data due to a 
baseflow component providing significant flow volumes on single or multiple days with zero 
precipitation.   
 
Due to the sampling and monitoring failures at the Sarasota site, autosampling data was 
compromised on several occasions. Gross solids mass cleanout data at that location was also 
compromised. The mass cleaned on 1/27/2009 from the screens and bottom chamber were 
estimated from County records rather from PBSJ measurements. Laboratory sampling of 
bottom sediments were qualified as being from a combination of three baffle boxes rather 
than just the Oriole baffle box.  The overall usefulness of data from the Sarasota site was 
limited and did not meet program goals. Result summaries of pollutant removals from the 
Sarasota site are adjusted to reflect the time periods of accurate data collection. 
 
Data collection at the other three sites had minor problems typically encountered in field 
sampling, but nothing significant like the Sarasota site. Therefore, the Rockledge site data 
collection over the entire time period was accurate and will be referenced more heavily than 
the Sarasota site for summaries and conclusions. 
 

 
Figure 6 - Rockledge flow record showing monitored storm events 
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Figure 7 - Rockledge cumulative runoff distribution showing monitored storm events 
 
 
 

 
Figure 8 - Sarasota flow record showing monitored storm events 
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Figure 9 - Sarasota cumulative runoff distribution showing monitored storm events 

 
Figure 10 - Lincoln flow record showing monitored storm events 
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Figure 11 - Lincoln cumulative runoff distribution showing monitored storm events 
 
 

 
 

Figure 12 - Parkway flow record showing monitored storm events 
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Figure 13 - Parkway cumulative runoff distribution showing monitored storm events 
 
 

Event Mean Concentrations (Water Column) 

Pollutant Removal Summary 

Discussion in the section is limited to water column concentrations. Water column mass 
removals are discussed in the next section. Average EMC reduction performance of the four 
baffle boxes are summarized in Tables 9 through 12.  An example regression of TSS 
discharge EMC to influent EMC is shown in Fig. 15 for the Rockledge baffle box (n=7).   The 
correlation had an R2 of 0.72. Average EMC reductions represent the average percent 
reduction in EMC based on the monitored storm events.  The overall flow weighted mass 
removal efficiency (last column on Tables 9-12) accounts for the masses removed during the 
storm events.  EMC performance of the four baffle boxes are compared in Table 14.  Overall 
EMC reduction efficiency was moderate or negative for suspended solids, total nitrogen, and 
total phosphorus. EMCs were used for the water column mass calculations in the next section. 
 
 There was not a strong correlation between TN, TP, and fecal coliform effluent 
concentrations. Type 1 baffle boxes averaged a 46.9% increase between influent and effluent 
fecal coliform concentrations. Type 2 baffle boxes had mixed results with a 13.1% reduction 
at the Sarasota site and -249% increase in fecal coliform concentrations at the Rockledge site.  
See Table 13. Probable causes for fecal coliform growth in baffle boxes are the interevent 
anaerobic conditions discussed further in the Interevent Monitoring section.  
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Figure 14 - Regression of Total Suspended Solids EMCs at Rockledge 
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Table 9 - Rockledge baffle box EMC performance 
 
 
  

Minimum Maximum

Total Suspended 
Solids, mg/L 49.0 43.2 8.5 -57 68 5.7 8.5

Total Nitrogen, mg/L 2.19 2.14 -11.3 -67 36 0.05 -4.3

Total Kjeldahl Nitrogen, 
mg/L 1.75 1.85 -17.3 -77 19 -0.10 -14.8

Organic Nitrogen, mg/L 1.56 1.62 -15.2 -71 24 -0.06 -14.4

NH4
+-N, mg/L 0.19 0.22 -31.6 -157 72 -0.04 -18.5

NOx-N, mg/L 0.45 0.30 10.2 -18 68 0.15 37.2

Total Phosphorus, 
mg/L 0.56 0.57 -8.2 -27 18 -0.01 -2.9

Organic Phosphorus, 
mg/L 0.23 0.23 -4.7 -27 17 -0.003 -1.6

PO4-P, mg/L 0.33 0.34 -13.3 -57 18 -0.01 -4.0

Fecal Coliform, 
counts/100 ml 34,517 78,014 -249 -841 75 0.10000 -28.3

Cadmium, ug/L 0.00085 0.00059 9.4 0 47 -0.08200 36.3

Chromium, ug/L 0.00321 0.00293 9.5 -28 34 -0.02000 -0.7

Copper, ug/L 0.00773 0.00768 0.014 -34 56 0.00000 -7.1

Zinc, ug/L 0.07523 0.06315 5.1 -136 35 0.00000 14.6

Constituent
Average 
EMCinf

Average    
EMCeff

Average % 
EMC 

Reduction

Average 
EMC 

Reduction, 
(EMCinf-
EMCeff)

Flow 
Weighted 

Mass 
Removal 

Efficiency, 
%

EMC % Reduction 
Range
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Table 10 - Sarasota baffle box EMC performance   

Minimum Maximum

Total Suspended 
Solids, mg/L 108.4 66.5 35.1 -65 89 41.9 49.7

Total Nitrogen, mg/L 3.62 2.42 30.6 14 52 1.20 41.2

Total Kjeldahl 
Nitrogen, mg/L 3.48 2.27 32.5 15 52 1.22 42.5

Organic Nitrogen, 
mg/L 3.26 2.12 31.8 15 52 1.14 42.8

NH4
+-N, mg/L 0.22 0.15 20.7 -84 78 0.07 33.4

NOx-N, mg/L 0.13 0.15 -95.3 -500 12 -0.02 -35.5

Total Phosphorus, 
mg/L 0.59 0.44 21.6 -3 59 0.15 39.5

Organic Phosphorus, 
mg/L 0.34 0.22 37.7 -18 98 0.123 43.8

PO4-P, mg/L 0.25 0.22 7.6 -17 67 0.02 32.1

Fecal Coliform, 
counts/100 ml 74,250 40,250 13 -19 25 0.20900 57.3

Chromium, ug/L 0.00000 0.00000 0.0 -396 66 -0.04300 Cr

Copper, ug/L 0.00000 0.00000 0.000 -480 96 0.00500 Cu

Zinc, ug/L 0.00000 0.00000 0.0 -93 109 0.00000 Zn

Constituent
Average 
EMCinf

Average    
EMCeff

Average % 
EMC 

Reduction

EMC % Reduction 
Range

Average 
EMC 

Reduction, 
(EMCinf-
EMCeff)

Flow 
Weighted 

Mass 
Removal 

Efficiency, 
%
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Table 11 - Lincoln baffle box EMC performance 
 
 

Minimum Maximum

Total Suspended 
Solids, mg/L 55.8 35.5 12.3 -61 78 20.3 41.3

Total Nitrogen, 
mg/L 1.00 0.97 -8.3 -45 65 0.03 11.1

Total Kjeldahl 
Nitrogen, mg/L 0.81 0.73 -5.5 -49 67 0.08 17.6

Organic Nitrogen, 
mg/L 0.72 0.65 -7.6 -49 65 0.07 16.0

NH4
+-N, mg/L 0.10 0.08 8.3 -51 87 0.02 29.0

NOx-N, mg/L 0.19 0.24 -50.7 -373 17 -0.05 -16.8

Total Phosphorus, 
mg/L 0.17 0.15 1.5 -20 58 0.02 12.8

Organic 
Phosphorus, mg/L 0.13 0.12 -1.1 -26 62 0.011 12.5

PO4-P, mg/L 0.04 0.03 5.4 -44 36 0.00 14.0

Fecal Coliform, 
counts/100 ml 5,088 10,505 -89 -600 75 0.01690 -32.4

Cadmium, ug/L 0.00066 0.00063 9.4 0 49 -0.01100 6.9

Chromium, ug/L 0.00311 0.00308 -13.4 -75 73 0.00200 12.2

Copper, ug/L 0.01309 0.01168 7.612 -50 75 0.00000 24.0

Zinc, ug/L 0.13700 0.08084 18.7 -28 129 0.00000 38.9

Constituent
Average 
EMCinf

Average    
EMCeff

Average % 
EMC 

Reduction

EMC % Reduction Range
Average 

EMC 
Reduction, 

(EMCinf-
EMCeff)

Flow 
Weighted 

Mass 
Removal 

Efficiency, %
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Table 12 - Parkway baffle box EMC Performance 
 

 

 
Table 13 - Summary pollutant concentrations for all four baffle boxes 

Minimum Maximum

Total Suspended 
Solids, mg/L 39.5 45.7 -38.5 -122 4 -6.2 -5.6

Total Nitrogen, mg/L 2.48 2.14 5.6 -53 52 0.35 14.1

Total Kjeldahl 
Nitrogen, mg/L 1.94 1.69 4.1 -48 55 0.25 11.6

Organic Nitrogen, 
mg/L 1.80 1.57 3.1 -61 56 0.24 11.9

NH4
+-N, mg/L 0.14 0.12 -112.8 -882 65 0.02 5.7

NOx-N, mg/L 0.54 0.45 2.7 -59 43 0.09 23.2

Total Phosphorus, 
mg/L 0.51 0.56 -15.3 -90 18 -0.05 -8.0

Organic Phosphorus, 
mg/L 0.12 0.15 -20.1 -65 51 -0.028 -49.5

PO4-P, mg/L 0.39 0.41 -21.1 -181 9 -0.02 5.6

Fecal Coliform, 
counts/100 ml 37,736 61,419 -4 42 40 0.06000 -5.9

Cadmium, ug/L 0.00044 0.00041 -3.8 -100 28 -0.29000 24.4

Chromium, ug/L 0.00259 0.00246 5.5 -7 8 0.01200 5.5

Copper, ug/L 0.00793 0.00809 -19.538 -125 53 0.00000 5.3

Zinc, ug/L 0.04267 0.04583 -19.0 -233 3 0.00000 3.3

Average % 
EMC 

Reduction

EMC % Reduction Range
Average 

EMC 
Reduction, 

(EMCinf-
EMCeff)

Flow 
Weighted 

Mass 
Removal 

Efficiency, 
%

Constituent Average EMCinf
Average    
EMCeff
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Table 14 - Comparison of average baffle box EMC performance   
 
 
 

Mass in Water Column, Bottom Chamber and Sieve Screen 
The masses of constituents contained in the solids that accumulated in the bottom chambers 
and sieve screens are summarized in Tables 15 through 18 respectively for the Rockledge, 
Sarasota, Lincoln, and Parkway baffle boxes.  Also shown is the calculated mass removed in 
the water column based on EMC monitoring discussed in the previous section.  The ratio of 
the total accumulated solids mass to calculated water column mass scales the mass 
calculations.   
 
In the material collected from the Rockledge sieve screen, the mass of non-dissolved solids, 
TN, and TP in the < 1 mm fraction were greater than or similar to the > 1 mm fraction. The 
solids in the < 1 mm fraction were a combination of sediment, and fine organic debris.  The % 
organic matter in the Rockledge > 1 mm fraction were 73.3 and 11% for Cleanouts 1 and 2, 
and for the < 1 mm fraction were 30 and 51.6%. 
 
 For the Sarasota baffle box, the % organic matter in the > 1 mm fraction was 83% and for the 
< 1 mm fraction was 54.6%.  For the Rockledge baffle box, accumulated solids are 26.8 times 
the water column EMC calculation, indicating that the autosampler is not representing all 
stormwater solids in the stormwater entering the baffle box.  Negative values for nitrogen and 
phosphorus indicate that these parameters were actually being exported during storm events.  
Variable results for other baffles boxes reflect the flow and quality characteristics of runoff, 

Total 
suspended 

solids

Total            
nitrogen

Total 
phosphorus

Fecal 
coliforms

Little John Drive, 
Rockledge City 8.5 -11.3 -8.2 -249

Oriole Drive,    
Sarasota 35.1 30.6 21.6 13.1

Lincoln Avenue,      
Stuart City 12.3 -8.3 1.5 -89.5

SE Parkway Drive,     
Stuart City -38.5 5.6 -15.3 -4.2

Average 4.4 4.2 -0.1 -82.4

Site

Average EMC Removal Efficiency, %
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limited solids mass that accumulate within the baffle box, and uncertainties in sampling, 
analysis and quantification of solid materials that accumulate within the baffle box. 
 

 

 
 

Table 15 - Rockledge baffle box constituent mass (lb) 
 
 
 

 
 

Table 16 - Sarasota baffle box constituent mass (lb) 
 
 
 
 
 
 
 
 
 
 

> 1 mm < 1 mm

Non-dissolved 
Solids 3,479 1,012 1,378 5,869 110 0.019

Total Nitrogen 16.1 0.79 1.14 17.99 -1.91 -0.106

Total Phosphorus 1.1 0.64 1.05 2.80 -0.32 -0.116

Water 
Column

Water Column 
Mass/ 

Accumated 
Solids Mass

Constituent Bottom 
Chambers

Strainer Screen Total 
Chamber + 

Screen

> 1 mm < 1 mm

Non-dissolved 
Solids 1627 2491 3586 7704 7232 0.94

Total Nitrogen 9.0 1.64 21 32 200 6.3

Total Phosphorus 1.4 0.26 4.20 5.81 29 5.0

Constituent Bottom 
Chambers

Total 
Chamber + 

Screen

Water 
Column

Water Column 
Mass/ 

Accumated 
Solids Mass

Strainer Screen
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Table 17 - Lincoln baffle box constituent mass (lb) 
 
 

 
 

Table 18 - Parkway baffle box constituent mass (lb) 
 

 
Table 19 - Summary mass removals by baffle box type 

 

 

Non-dissolved 
Solids 3,014 3,521 1.17

Total Nitrogen 1.28 16.0 12.5

Total Phosphorus 1.05 3.28 3.13

Constituent Bottom 
Chambers

Water 
Column

Water Column 
Mass/ 

Accumated 
Solids Mass

Non-dissolved 
Solids 87 -195 -2.2

Total Nitrogen 0.030 19.1 628

Total Phosphorus 0.017 -1.95 -116

Constituent Bottom 
Chambers

Water 
Column

Water Column 
Mass/ 

Accumated 
Solids Mass
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Equivalent Concentrations 
Equivalent concentrations based on treatment volume and mass removals from the whole 
study period are shown in Table 20 for solids, nitrogen and phosphorus.  ECs were higher for 
the Type 2 baffle box that included the sieve screen, but the higher EC in Type 2 baffle boxes 
also reflected the characteristics of the contributing watershed. The contributing watersheds to 
the Type 2 baffle boxes (Rockledge and Sarasota) had large macroscopic vegetation inputs 
and limited upstream opportunity for attenuation of pollutant mass. The Stuart sites had 
relatively limited organic matter input and possible upstream attenuation. 
 

 

Table 20 - Equivalent concentrations of accumulated solids 
 

Derived  Efficiencies 
Derived Efficiencies based on total mass removals are summarized in Table 1. DE for Type 1 
baffle boxes averaged 0.5% for nitrogen and 2.3% for phosphorus. Type 2 baffle boxes 
averaged 19.1% DE for TN and 15.5% DE for TP.  The higher removal efficiencies of Type 2 
baffle boxes was attributed to the sieve screen capture of large floating and suspended 
materials in Type 2 boxes. Note that mass loadings from leaves were in drainage basins 
having 44% to 87% tree canopy coverage. 
 
 
 
 
 
 
 
 
 

Total non-
dissolved 

solids

Total  
nitrogen

Total 
phosphorus

Little John Drive, 
Rockledge City 183 0.69 0.071

Oriole Drive,    
Sarasota 37.9 0.098 0.015

Lincoln Avenue,      
Stuart City 20.2 0.009 0.007

SE Parkway Drive,     
Stuart City 1.8 0.00063 0.00035

Average 60.7 0.20 0.023

Site

Equivalent Concentration of                 
Accumulated Solids (mg/L)
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Table 21 - Mass removal efficiencies of monitored baffle boxes 

 
 

Polycylycic Aromatic Hydrocarbons 
Polycyclic aromatic hydrocarbon (PAH) concentrations in accumulated solids are shown in 
Figures 16 through 19. PAH levels in bottom chamber and sieve screen solids are summarized 
in Tables 22 and 23 based respectively on total dry solids and solid organic matter.  For the 
Rockledge baffle box, PAH levels were highest in the sieve screen captured material that was 
smaller than 1 mm, and both size fractions of the sieve screen material had higher PAH levels 
than the chamber sediment (Fig. 16). The PAH levels were below the exposure limits found in 
Chapter 62-777, Table II, F.A.C., with the exception of Benzo (A) pyrene, which was slightly 
higher than residential and industrial exposure limits. 
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Figure 15 – Polycyclic aromatic hydrocarbons in Rockledge solids 
 

 
 

Figure 16 - Polycyclic aromatic hydrocarbons in Sarasota solids (bottom chamber PAH reported as less 
than detection limit) 
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Figure 17 - Polycyclic aromatic hydrocarbons in Lincoln solids. 
 

 
 

Figure 18 - Polycyclic aromatic hydrocarbons in Parkway solids. 
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Table 22 - Total polycyclic aromatic hydrocarbons in accumulated solids 
 
 

 
 

Table 23 - Organic carbon normalized total polycyclic aromatic hydrocarbons levels 
 
 

Bottom    
chamber

Sieve screen        
> 1 mm

Sieve screen          
< 1 mm

Little John Drive, 
Rockledge City First 
Cleanout

7.6 19.8 28.2

Little John Drive, 
Rockledge City 
Second Cleanout

1.7 52.9 70.0

Oriole Drive,    
Sarasota ND ND 3.02

Lincoln Avenue,      
Stuart City  First 
Cleanout

12.0 - -

Lincoln Avenue,      
Stuart City  Second 
Cleanout

15.5 - -

SE Parkway Drive,     
Stuart City 0.66 - -

Site

Total PAH, mg/kg solids

Bottom        
chamber

Sieve screen         
> 1 mm

Sieve screen          
< 1 mm

Little John Drive, 
Rockledge City First 
Cleanout

60.7 27.1 94.0

Little John Drive, 
Rockledge City 
Second Cleanout

10.0 480.9 135.6

Oriole Drive,    
Sarasota 5.52 ND ND

Lincoln Avenue,      
Stuart City  First 
Cleanout

29.1 - -
Lincoln Avenue,      
Stuart City  Second 
Cleanout

266 - -

SE Parkway Drive,     
Stuart City 6.3 - -

Site

Total PAH, mg/kg solid organic matter
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Heavy Metals 
The reported levels of heavy metals in solids materials from sieve screen and bottom chamber 
are listed below.   
 

 
 

Table 24 - Metals concentration in Rockledge water column and solids 
 

 
 

Table 25 - Metals concentration in Sarasota water column and solids 

> 1 mm < 1 mm > 1 mm < 1 mm

Cadmium 0.0404 2.10 0.643 0.471 0.73 0.70

Chromium 4.6 29 449 18.1 10 9.6

Copper 8.17 15.6 41.9 36 12 9.02

Nickel 1.59 14 5.9 4.59 4.8 6.57

Zinc 58.5 49.8 213 184 59.8 48.9

Mercury 0.0162 0.009 0.0783 0.0909 0.042 0.030

Bottom Chamber Material, 
mg/kg dry weight

Sieve Screen Material,                            
mg/kg dry weight

Cleanout 1 Cleanout 2
Metal

Cleanout 1 Cleanout 2

> 1 mm < 1 mm

Cadmium 0.55 0.14 0.68

Chromium 6.3 3.2 21.2

Copper 22.6 33.4 145

Nickel 2.9 1.6 8.5

Zinc 116 158 329

Mercury - 0.028 0.142

Sieve Screen Material,                            
mg/kg dry weight

Metal

Bottom 
Chamber 
Material, 

mg/kg dry 
weight
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Table 26 - Metals concentration in Lincoln water column and solids 
 

 
 

 
 

Table 27 - Metals concentration in Parkway water column and solids 
 

  

Cleanout 1 Cleanout 2

Cadmium 0.144 0.95

Chromium 5.5 13

Copper 19.4 8.4

Nickel 2.03 6.2

Zinc 290 108

Mercury 0.0158 0.0051

Metal

Bottom Chamber Material, 
mg/kg dry weight

Bottom Chamber 
Material, mg/kg dry 

weight

Cleanout 1

Cadmium 0.87

Chromium 12.0

Copper 2.8

Nickel 5.70

Zinc 44

Mercury 0.0060

Metal
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A primary mechanism by which baffle boxes remove stormwater pollutants is by 
sedimentation of stormwater solids that enter during storm events, sieving in Type 2 baffle 
boxes, and by retention of large macroscopic solids that may bypass the sieve screen and 
become trapped beneath it and ultimately sink to the bottom.  In interevent periods, the 
organic materials in the solids that collect in bottom chambers can biologically degrade.  
Organic matter degradation could be expected to result in oxygen utilization with possible 
anoxic or anaerobic conditions and release of inorganic nutrients from the decomposing 
solids.  Inorganic nutrients in the baffle box water column could be flushing into the receiving 
water during the initial period of the next storm event, or continuously flushed out if there was 
a baseflow during interevent periods.  A limited scope sampling program was implemented as 
a first step in assessing interevent water quality within baffle boxes.  Another scope task was 
to evaluate methods of collection and laboratory analyses for the materials that accumulate in 
the sieve screens of Type 2 baffle boxes.  This material is a mixture of large size vegetation 
(leaves, plant parts), smaller organic materials, and inorganic particles.  The estimate of the 
mass of pollutant removed in solids that accumulated within sieve screens depends on the 
sampling, sample preparation, and analytical methods used to characterize these materials.  
Interevent monitoring and sampling of the four baffle boxes was conducted on 3/25/2009.   
Monitoring included measurements of dissolved oxygen profiles, point measurements of 
temperature, pH, alkalinity and oxidation reduction potential, and collection of water column 
samples from a single point in the downstream baffle box chamber for laboratory analyses of 
suspended solids, BOD, COD, and nitrogen and phosphorus species. Water column samples 
were stored on ice and delivered to Pace Analytical Services, Inc. Tampa, FL on 3/26/2009. 

Interevent Monitoring 

 
Dissolved oxygen profiles are shown in Figure 20.  Dissolved oxygen in the Rockledge and 
Sarasota baffle boxes was zero from 6 in. below the surface to the bottom. The Lincoln and 
Parkway baffle boxes had DO greater than 4 throughout their depth. For all baffle boxes, DO 
levels were constant through the vertical profile of the baffle boxes, with very limited depth 
stratification.  Water column field parameter results for the interevent monitoring are 
summarized in Table 28.  The water quality of the Type 2 baffle boxes (Rockledge and 
Sarasota) was distinct from the Type 1 baffle boxes (Lincoln and Parkway). Rockledge and 
Sarasota exhibited zero dissolved oxygen, highly negative oxidation reduction potentials, and 
higher chemical and biochemical oxygen demand, total nitrogen, and total phosphorus.  
Highly negative oxidation reduction potentials indicate that oxygen has been consumed and 
reducing conditions have been established by biochemical degradation of organic matter.   
 
These observations are consistent with the hypothesis that organic matter captured in the 
Rockledge and Sarasota baffle boxes undergoes biological decomposition within the baffle 
box, leading to depletion of molecular oxygen, anaerobic redox conditions, and release of 
inorganic and soluble nutrient species into the overlying water column within the baffle box.  
The data in Figure 20 provide the first known documentation of patterns of DO depletion in 
Florida baffle boxes, due ostensibly to interevent biochemical processes. Organic matter 
decomposition was apparently more significant in the Rockledge and Sarasota baffle boxes, 
while the Lincoln and Parkway baffle box DO and ORP indicated a lower predominance of 
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organic matter decomposition.  Several factors could contribute to the observed difference in 
the interevent water quality between the Type 2 and Type 1 baffle boxes. The most significant 
could be the characteristics of the contributing watershed, particularly in terms of the 
vegetative contributions from the watershed.  Rockledge and Sarasota watersheds were 
generally highly vegetated while vegetation coverage in the Lincoln and Parkway watersheds 
was much lighter.   
 

 

 
 

Figure 19 – Dissolved oxygen profiles in baffle boxes 
 

 
The organic matter and vegetation that are subject to biological decomposition in a Type 2 
baffle box can include materials that are retained in the sieve screen overlying the water 
column and materials that are not retained in the sieve screen that end up in the bottom 
chambers.  Organic particulate material can enter the bottom chamber through bypass of the 
sieve screen or by transport of smaller organic matter through the sieve screen itself, 
particularly when the screen has been cleaned and a mat layer has not built up. Storm-
transported vegetation that enters a Type 1 baffle box could pass directly through the baffle 
box into the receiving water, thus not contributing to water quality modifications in the baffle 
box itself.  Another factor is the contribution of baseflow, which could act to continuously 
dilute soluble nutrients releases from decaying organic matter. 
 
The second interevent monitoring task was to collect solid materials that accumulated in the 
sieve screens of the Type 2 baffle boxes (Rockledge and Sarasota) and to provide subsample 
splits to different laboratories for nitrogen and phosphorus analyses using wet chemistry and 
composting analytical methods.   Three separate samples of solid material accumulated in the 
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Rockledge sieve screens were collected.  Each sample was subdivided into three subsamples, 
which were shipped to three separate laboratories for analyses.  The three laboratories that 
received solid material subsamples were A&L Great Lakes Laboratories, Inc. (A&L), Ft. 
Wayne, IN (water and compost methods); Columbia Analytical Services, Inc. (Columbia), 
Jacksonville, FL (water methods); and the Institute of Food and Agricultural Sciences 
Analytical Services Laboratories (IFAS), Environmental Water Quality Laboratory, 
University of Florida, Gainesville, FL (water methods).   
 
A primary question investigated was the appropriateness of using water and wastewater test 
methods for the sediments and biosolids captured in the baffle box screens and chambers.  An 
alternative to water based methods was to use analytical methods from the solid waste and 
agricultural industries. A&L used test procedures from Standard Methods for the Examination 
of Water and Wastewater and Test Methods for Evaluating Solid Waste, Physical/Chemical 
Methods (Table 29). In addition, A&L used Test Methods for the Examination of Composting 
and Compost, as shown in Table 30. Columbia used Methods of Chemical Analysis of Water 
and Waste analytical procedures. 
 
On the sample date the sieve screen in the Sarasota baffle box contained negligible quantities 
of solid material so sample collection was not possible.  The Rockledge sieve screen materials 
contained highly visible macroscopic plant matter and also small organic and non-organic 
sediment material. 
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Table 28 - Average water column values of field parameters 
  
Results of analyses of the solid materials removed from the Rockledge sieve screen are 
presented in Tables 29 and 30.  Analytical results were provided by two laboratories (A & D 
and Columbia).  The third laboratory (IFAS) was in possession of the samples for over four 
months and finally reported that nutrient analyses could not be performed due to the unique 
characteristics of the sample matrix and technical issues associated with sample processing.  

Parameter Rockledge Sarasota Lincoln Parkway

Time 1300 1700 0730 0930

Temperature, C 19.4 21.40 21.5 21.70

pH 6.8 7.0 7.1 7.5

Alkalinity, mg/L as CaCO3 73 144 44 125

Dissolved Oxygen, mg/L 0 0 4.2 4.8

ORP, mV -306 -357 117 138

Total suspended solids, mg/L 8.5 8.3 12 5.0

Carboneceous biochemical 
oxygen demand, five day, mg/L

10 28 2.0 2.0

Chemical oxygen demand, mg/L 91 120 31 22

Total nitrogen, mg/L 0.03 0.03 0.10 0.97

Total kjeldahl nitrogen, mg/L 2.2 3.9 0.95 0.65

Organic nitrogen, mg/L -0.25 -1.20 -0.14 -0.02

Ammonia nitrogen, mg/L .25 1.20 0.14 0.02

(Nitrate+nitrite) nitrogen, mg/L 0.03 0.03 0.10 0.97

Total phosphorus, mg/L .89 1.40 0.13 0.57

Organic phosphorus, mg/L 0.29 0.30 0.10 0.07

Orthophosphorus, mg/L 0.60 1.1 0.029 0.50
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Note that A&L used a volatile solids method to estimate organic matter in the solids while 
Columbia used a total organic carbon analysis. 
 
For the same reported analyte, the percent error between A&L and Columbia results was 
calculated as the absolute difference in the reported A&L and Columbia results divided by the 
absolute value of the A&L result, multiplied by 100 (Table 29).  For wet chemistry analyses, 
the average percent error in the total solids analyses reported by the two laboratories was 
0.73% (n=3) with a range of -13.2 to +7.4%.  For total kjeldahl nitrogen, the average percent 
error was +14.5% (n=3) and with a range of -1.8 to +48.4%.  TKN results in Columbia 
Subsample 1 was particularly lower than other TKN values and was likely due to difficulties 
in processing of the subsample prior to digestion.  The average percent error for total 
phosphorus was +29.3% (n=3) and with a range of +26.3 to +33.8%.  The variation in the two 
reported results was significant for both nitrogen and phosphorus.   The different results could 
have a significant effect on calculations of nutrient removal in the material captured on sieve 
screens of Type 2 baffle boxes.  Inspection of the water method results for TP (Table 29) 
indicates that results were relatively consistent among the three subsamples for both A&L 
(mean = 1500, range = 1481 to 1524) and Columbia (mean = 1060, range = 980 to 1100).  
Mean TP reported by A&L was 41% higher than Columbia, however, indicating that 
interlaboratory variability for these types of samples can be significant. 
 

 
  1 (A&L Result - Columbia Result)/A&L Result  x 100 

Table 29 - Water analyses method results for Rockledge sieve screen subsamples 

Sample Parameter A&L Columbia 
A&L 

Method
Columbia 
Method

Percent 

Error1

Total Solids, % 24.84 23 SM (20th) 
2540G

160.3MOD 7.4

Volatile Solids, % 89 - SM (20th) 
2540G

- -

Total Kjeldahl Nitrogen, mg/kg 16,659 8,600
SM-4500 

N(org)B & NH
351.2 48.4

Total Phosphorus, mg/kg 1,481 980 SW846-6010B 365.1 33.8

Total organic carbon, mg/kg - 10,000 - 9060M -

Total Solids, % 19.42 22 SM (20th) 
2540G

160.3MOD -13.3

Volatile Solids, % 90 - SM (20th) 
2540G

- -

Total Kjeldahl Nitrogen, mg/kg 17,482 18,000 SM-4500 
N(org)B & NH

351.2 -3.0

Total Phosphorus, mg/kg 1,524 1,100 SW846-6010B 365.1 27.8

Total organic carbon, mg/kg - 15,000 - 9060M -

Total Solids, % 20.67 19 SM (20th) 
2540G

160.3MOD 8.1

Volatile Solids, % 89 - SM (20th) 
2540G

- -

Total Kjeldahl Nitrogen, mg/kg 18,670 19,000 SM-4500 
N(org)B & NH

351.2 -1.8

Total Phosphorus, mg/kg 1,495 1,100 SW846-6010B 365.1 26.4

Total organic carbon, mg/kg - 11,000 - 9060M -

3

2

1
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Table 30 shows analytical results that were obtained for the three subsamples using Test 
Methods for Evaluation of Compost and Composting (TMECC) analytical procedures 
performed by A& L Laboratories.  TMECC results were compared to A&L water analyses 
results by making appropriate unit conversions to compare water analysis results with 
TMECC results.  TMECC % Organic Matter was 72 to 95% (mean = 83%) of water analysis 
volatile solids.  TMECC % Total Nitrogen was 93 to 118% (mean = 112%) of water analysis 
Total Kjeldahl Nitrogen.  TMECC % Total Phosphorus was 97 to 109% (mean = 102%) of 
water analysis Total Phosphorus.  These results suggest that TMECC composting analytical 
methods may be applicable to analyses of sieve screen material analyses. Further work is 
required to verify this result and gain confidence in the methods.  The units for water column 
methods are expressed in solids concentrations of mg/kg, while solids methods units are given 
as “percent” of a parameter. The differences in units between the two methods explains why 
there are blank values in Table 29. The appropriateness of using calculations that combine 
water based analytical methods and units from the water column with solids based analytical 
methods and units for gross solids is uncertain.  
 
 

 
 

Table 30 - Compost analyses method results for Rockledge sieve screen subsamples 
 
Additional sampling was conducted on 10/5/2009.  Three samples were collected of materials 
that had accumulated in the sieve screen of the Sarasota baffle box.  Samples were shipped to 
the Columbia Analytical Laboratory for analyses of total solids, TKN, and TP.  Results are 
shown in Table 31.  Mean parameter values for TS, TKN, and TP were 26.7%, 11,767 mg/kg 
and 1006 mg/kg, respectively.  The coefficient of variation for the three TS, TKN and TP 
samples were 0.13, 0.20 and 0.25, which indicates that the results were reasonable similar for 
the three samples.  TKN from the Sarasota sieve screen material was generally about two 

Sample Parameter A&L Method

Total Nitrogen, % 0.49 TMECC 04.02-D 

Total Phosphorus, % 0.04 TMECC 04.03-A 

Organic matter by LOI @ 550C, % 15.87 TMECC 05.07-A 

Total Nitrogen, % 0.42 TMECC 04.02-D 

Total Phosphorus, % 0.03 TMECC 04.03-A 

Organic matter by LOI @ 550C, % 14.35 TMECC 05.07-A 

Total Nitrogen, % 0.36 TMECC 04.02-D 

Total Phosphorus, % 0.03 TMECC 04.03-A 

Organic matter by LOI @ 550C, % 17.62 TMECC 05.07-A 

3

2

1
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thirds that of the material collected from the Rockledge sieve screen, while Sarasota TP was 
to 67 to 95 % of the Rockledge TP depending on which laboratory data for Rockledge TP are 
used for comparison. 
 
 

 
 

Table 31 - Water analyses method results for Sarasota sieve screen samples 
 
 
The results of the sieve screen analyses were mixed overall, with some consistent results and 
some inconsistencies.  Five of the six Rockledge TKN were in reasonable agreement with 
each other; one TKN was significantly different from the two other TKN from the same lab 
and also significantly different from the subsamples supplied to the second lab.  Rockledge 
TP values were in reasonable agreement for three samples for each lab, but consistently 
different between labs.  Sample processing methodology may have had some influence on the 
discrepancy.  Unfortunately, the third laboratory had reservations about a methodology and 
elected not to pursue analyses.  Significant differences between Rockledge and Sarasota TKN 
and TP could reflect differences in the materials captured within the sieve screens and 
transformations of materials that occur in the captured material.  For both nitrogen and 
phosphorus, reported nutrient values of sieve screen materials were subject to large 
differences for the small number of split samples analyzed.  This result was not unexpected; it 
reaffirms the complexity of stormwater solids matrices and the need to focus more effort on 
them.  A result which is encouraging is the relative agreement of total solids values for the 
two laboratories and the agreement of the composting methods for solids, nitrogen and 
phosphorus.  The later suggests that composting or whole sample combustion methodologies, 
which do not employ sample digestion procedures, might be used in a standardized 
methodology for characterization of stormwater gross solids. 

Sample Parameter Columbia 
Columbia 
Method

Total Solids, % 30 160.3MOD

Total Kjeldahl Nitrogen, mg/kg 12,000 351.2

Total Phosphorus, mg/kg 860 365.1

Total Solids, % 27 160.3MOD

Total Kjeldahl Nitrogen, mg/kg 9,300 351.2

Total Phosphorus, mg/kg 860 365.1

Total Solids, % 23 160.3MOD

Total Kjeldahl Nitrogen, mg/kg 14,000 351.2

Total Phosphorus, mg/kg 1,300 365.1

1

2

3



Florida Baffle Box Monitoring Study Final Report January 2010 
 
 

 48 

 
The scope of the interevent monitoring for sieve screen materials was highly limited due to 
budget restrictions.  For analyses of solids collected in baffle boxes, and more generally for 
solid materials that are removed from stormwater management systems in Florida, a more 
comprehensive effort is needed to fully address the integrated tasks of collection, preparation, 
and analyses of solid materials captured in sieve screens and bottom sediments.  The objective 
of this effort should be to develop a standardized protocol for sample collection, preservation, 
sample handling, and preparation, with the goal of providing protocols that can be applied 
with confidence by many entities and laboratories.  The limited scope of the work provided 
valuable insight that can be used to formulate the needed methods development effort, which 
should as a minimum include a much greater number of split samples and analyses. 

 

Conclusions and Recommendations 

Total Maximum Daily Load (TMDL) mandates are challenging communities to reduce 
pollutants from stormwater runoff above and beyond standard permitting requirements 
associated with new development. The primary method used to reduce pollutants is by 
retrofitting older development with BMPs to clean runoff from those areas that do not have 
treatment practices. Retrofitting older areas with traditional treatment practices such as ponds 
is difficult due to lack of undeveloped land. The limited amount of undeveloped land in older 
developments turns stormwater practitioners to other tools in the BMP toolbox. 
 
A common BMP used in ultra urban locations has been the baffle box. Early model (Type 1) 
baffle boxes were underground vault boxes with weirs set at the pipe inverts that trapped 
pollutants through the sedimentation unit process. The primary pollutants targeted by Type 1 
baffle boxes were sediments, heavy metals, and PAHs associated with sediments that fell by 
gravity into water filled chambers. Removal of nutrient pollutants was minimal in Type 1 
boxes. 
 
Nutrient TMDLs are generally expressed as reductions of TN and TP. Nutrients can be found 
dissolved in the water column, bound to sediments, or part of the structural matrix of organic 
debris. The primary source of anthropogenic TN is dissolved fertilizer in the water column. A 
small amount of TN is associated with organic sediments. Organic debris leaches significant 
levels of TN and TP into water within 72 hours of submersion, England et.al. (2000). 
Approximately 30-40% of stormwater based TP is bound to sediment particles with the 
remainder being dissolved in the water column. 
 
Development of TMDLs over the last few years has shown that nutrients were the primary 
pollutants causing environmental degradation in Florida. In response to the need to provide 
BMPs with nutrient removal capability, Suntree Technologies has developed proprietary Type 
2 baffle boxes that added a horizontal screen above the water line of the vaults. This filtration 
unit process traps gross solids such as leaves, grass clippings, sediment, and trash during high 
flows when the hydraulic grade line rises above the screen level. After the water surface 
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recedes upon cessation of rain, gross solids trapped in the screens are kept above the water 
filled vaults with the design goal of letting the organic debris dry to prevent leaching of 
nutrients into the vaults. In addition, the screens enhance sedimentation of organic and 
inorganic sediments by physically blocking and filtering particles that are limited to velocity 
constraints of Stokes law for settling in Type 1 baffle box designs. The unit processes of 
sedimentation and filtration in a baffle box do not provide treatment of water column based 
TN and TP.  
 
Sarasota County received funding from FDEP to monitor two Type 1 and two Type 2 baffle 
boxes to document pollutant removal effectiveness, primarily focused on the parameters TN 
and TP. The County contracted with GPI-SE to develop and manage the monitoring program. 
Field monitoring and data collection was subcontracted to Sutron Corporation for three baffle 
boxes in Rockledge and Stuart, and to PBSJ for one baffle box in Sarasota. 
 
BMP site selection is critical and challenging for an effective field monitoring program. 
Pollutant loadings vary with every watershed and every rainfall event. A site must be chosen 
that allows the researcher to control as many of the pollutant loading variables as possible. A 
site must allow for proper setup and maintenance of equipment and collection of samples. 
Recommendations for site selection to give an affective baffle box monitoring program are: 
 

• Minimize equipment requirements by using a baffle box with one influent pipe and 
one effluent pipe, each of which uses one autosampler. Additional pipes will require 
additional autosamplers and flow meters. More equipment leads to more malfunctions 
and lost storm sampling opportunities. 

• There should be no base flows through the pipes or backwater or submersion from 
downstream waterbodies. 

• There should be no bypass flows during large storms. 
• BMPs in roadways should not be monitored. Technician vehicles will need to be 

parked next to the site for sampling and equipment maintenance. Access dictates a 
location outside of the pavement for safety reasons and to avoid lane closures.  

• For rain gauges and solar panels to operate accurately there can be no tree coverage 
over the site. 

• Theft proof enclosures should be used to house autosamplers, batteries, and solar 
panels. Adjacent property owners should be canvassed to ensure their cooperation 
with technicians accessing equipment at any hour. 

• Testing for gross solids requires selecting a watershed with a high tree canopy 
coverage. 

• When monitoring to compare multiple BMPs, each BMP watershed should be of 
similar land use in order to have similar pollutant loadings for each BMP. 

• The interior of the BMPs should have sufficient clearance and access to enable a 
technician to install equipment and take samples. 

• The sites should be within reasonable driving distance of technicians who will be 
making weekly visits to inspect and calibrate equipment. Automated sampling 
equipment that contacts technicians via modem or internet should be used to minimize 
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site visits for rainfalls that do not trip the autosampler. Many storms in Florida are 
below tripping criteria for rain intensity and duration. 

• Roadways in the watershed should have curb and gutters. There should be no other 
upstream BMPs in the drainage basin, including roadside swales that will filter 
pollutants, especially gross solids, before they enter the BMP.  

 
The monitoring approach that was developed and applied in this study measured water 
column pollutant removal performance based on flow composited water column autosamplers 
as well as masses that accumulated in the baffle box as gross solids. The monitoring approach 
demonstrated that the solids which accumulate in a baffle box must be included in an overall 
assessment of pollutant removal effectiveness of the baffle box. In some cases, mass removal 
in accumulated solids was significantly greater than water column mass removal. Use of a 
Derived Efficiency (DE) provided an index of pollutant reduction efficiency that incorporated 
accumulated solids and water column monitoring, resulting in a net positive retention of 
nitrogen and phosphorus. DE is a more useful indicator of baffle box treatment performance 
than water column EMC methods. 
 
Field monitoring of four full scale baffle boxes resulted in the following findings:  
 

• The average DE for non-dissolved stormwater solids removal was 43.6%, ranged from 
2 to 83%, and was higher for Type 2 than Type 1 baffle boxes. 

• The average DE for nitrogen removal was 9.8%, ranged from 0.03 to 28%, and was 
higher for Type 2 than Type 1 baffle boxes. 

• The average DE for phosphorus removal was 8.9%, ranged from .06 to 19%, and was 
higher for Type 2 than Type 1 baffle boxes. 

• Watershed characteristics and the presence of sieve screens significantly affected the 
differences in DE between the Type 2 and Type 1 baffle boxes.  

• EMC removal efficiencies for total suspended solids averaged 8.5, 35.1, 12.3, and -
38.5 %, respectively, for Rockledge, Sarasota, Lincoln, and Parkway baffle boxes.  

• EMC removal efficiencies for total nitrogen averaged -11.3, 30.6, -8.3 and 5.6 %, 
respectively, for Rockledge, Sarasota, Lincoln, and Parkway baffle boxes.  

• EMC removal efficiencies for total phosphorus averaged -8.2, 21.6, 1.5 and -15.3 %, 
respectively, for Rockledge, Sarasota, Lincoln, and Parkway baffle boxes.  

• EMC removal efficiencies for fecal coliforms averaged -28, 13, -89 and -4.2 %, 
respectively, for Rockledge, Sarasota, Lincoln, and Parkway baffle boxes. 

• Total polycyclic aromatic hydrocarbons ranged from non-detect to 15.5 mg/kg dry 
solids in materials collected from the baffle box bottom chambers. 

• Total polycyclic aromatic hydrocarbons ranged from 20 to 53 mg/kg and 28 to 70 
mg/kg in sieve screen materials greater and less than 1 mm, respectively. 
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When measured by the EMC method, Type 1 baffle boxes provided average reductions of 
13.1%, -1.3%, -6.9%, and -46.8% for TSS, TN, TP, and fecal coliforms respectively. When 
using the DE methodology there were average mass removals of 19.9%, 0.5%, and 2.28% for 
Total non-dissolved solids, TN, and TP respectively. 
 
 

 
Table 32 – Type 1 baffle box removal efficiency using EMC and DE methodology 

 
Type 2 baffle boxes showed higher pollutant removal effectiveness than Type 1 baffle boxes, 
with average EMC removals 21.8% for TSS, 9.6% for TN, 6.7% for TP, and -118% for fecal 
coliforms. Using DE calculations the Type 2 baffle boxes averaged 67.2% TSS removal, 19% 
TN removal, and 15.5% TP removal.   
 
 

 
Table 33 - Type 2 baffle box removal efficiency using EMC and DE methodology 
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The screens in Type 2 baffle boxes trapped organic debris that would not be filtered in Type 1 
baffle boxes. In watersheds that have a significant amount of tree canopy coverage, Type 2 
baffle boxes give a greater nutrient removal than Type 1 baffle boxes due to the ability to 
filter leaves. Grass clippings were not a significant source of organic debris at the four sites 
monitored, indicating that public education programs to train residents not to place grass 
clippings in streets appear to be successful. During the monitoring program residents were 
observed several times blowing grass clippings into the yards. Oak leaf and pine needle 
accumulations were the significant source of organic debris in these watersheds. 
 
At three of the four baffle box locations, fecal coliform concentrations were observed to be 
44% - 61% higher in the effluent than the influent. Baffle boxes and other vault type BMPs 
that store interevent water act as septic tanks, promoting bacteria growth and low DO in the 
nutrient laden water. If fecal coliform is a parameter of concern for a waterbody, use of a 
baffle box or any water storing vault box can lead to increased fecal coliform counts to 
waterbodies. 
 
Pollutant loadings vary widely among watersheds. Pollutants are present in the water column, 
street sediments, and in organic debris. In the Rockledge watershed, masses from leaves and 
sediment were 53.4 times greater than water column solids masses. In the Sarasota watershed 
sampling failures did not allow an accurate comparison of water column and gross solids 
masses. In watersheds with significant tree coverage, selection of BMPs that remove leaves 
from stormwater runoff can reduce nutrient discharges. Selection of BMPs that keep leaves in 
a dry state will provide greater nutrient removal than BMPs that store leaves in a wet 
condition.  
 
While Type 2 baffle boxes kept leaves out of the water filled vault, the accumulation of leaves 
in the baskets filtered sediment creating a semi-pervious liner that stored water for several 
days, enabling leaves to leach nutrients slowly into the vault. In addition, the inherent design 
of screens that enabled high flow bypass for flood reduction allowed significant masses of 
leaves to fall from the screens into the vault boxes. It is worthwhile to mention that without 
the screens almost all leaves would wash through the box and end up in the receiving water 
where they would leach their entire nutrient mass.  
 
The ability of leaves to leach nutrients even from a Type 2 baffle box demonstrated the 
importance of cleaning BMPs. The Sarasota baffle box screen was observed to completely fill 
with leaves after a small rain event. Even with the limited documentation of leaf 
accumulations from the Sarasota baffle box, 3586 pounds of leaves and sediment were 
collected. At the Rockledge baffle box 1,378 pounds of debris were collected from the 
screens. In watersheds with high leaf falls, it is recommended that baffle box screens be 
cleaned after every rain event in order to maximize nutrient reduction and prevent nutrient 
leaching from Type 2 baffle boxes. 
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Baffle box performance could be improved if there was a way to pump or bleed off chamber 
water between storms. The nutrient leaching and bacterial growth problem would be 
eliminated. The trade off for such an improvement would be moving from a passive design to 
an active mechanical design with maintenance and costs for pumps, electricity, and trained 
personnel. Passive low maintenance technology has been taken about as far as possible. 
Further advances in pollutant treatment will require mechanical and/or chemical technology 
similar to the wastewater industry. 
 
Another recommendation related to the maintenance of the baffle box is to set up a clean-out 
schedule based on the observed needs of the individual baffle boxes, rather than a set 
quarterly or monthly clean out schedule. Some of the baskets in the study filled completely 
after a single rain event.  Better tracking of the amount of organic material removed from the 
boxes can also aid in directing more maintenance efforts towards boxes that need frequent 
clean outs. This will aid in optimizing effectiveness. 
 
Based upon the findings of this report, the following criteria are recommended for use of 
Type 2 baffle boxes: 
 

1. When pollutants targeted for reduction in the watershed are nutrient based, 
2. When fecal coliform reduction within the watershed is not a goal, 
3. When the streets in the watershed have curb and gutters, 
4. When there are no upstream BMPs such as ponds, exfiltration trenches, swales, inlet 

traps, and 
5. When tree canopy coverage in the watershed exceeds 25%. 

 
In watersheds with curb and gutter, an alternative to the use of Type 2 baffle boxes is 
installing inlet traps at all inlets. These BMPs act as a form of source control by reducing the 
leaching potential from trapped organic debris. Allowing organic debris to dry in an inlet trap 
can act as a unit process as nutrients are released to the atmosphere (England, 2008.) A 
limitation of inlet traps is that they trap little sediment and have much smaller debris trapping 
capacity than a Type 2 baffle box. However, they have much smaller drainage basins than a 
baffle box typically installed at the end of a watershed. Inlet traps will also require more 
frequent maintenance than a baffle box. Maintenance of a baffle box requires an expensive 
vacuum truck, while cleaning an inlet trap can be accomplished with by hand or a small truck 
mounted vacuum pump. Inlet traps cost about $1,000 while baffle boxes will cost 
approximately $50,000 for installation and road reconstruction. Inlet traps trade off lower 
upfront cost with higher maintenance frequency than a baffle box. 
 
Another alternative BMP that could be used to collect gross solids is street sweeping. This 
form of source control removes 100% of the pollutants associated with the mass of material 
removed, does not require expensive engineering and construction, and is promoted by FDEP 
with special credits toward reducing TMDL load allocations. The City of Pensacola’s Surface 
Water Quality Assessment (England, 2009) documents that the City’s once a week street 
sweeping program collects an average of 5,734,865 pounds of sediment and gross solids. 
Based upon testing of street sweeping material by the City, the collected mass equates to 
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2,265 lb/yr of TN and 720 lb/yr of TP removed from the streets. Using an annual street 
sweeping program cost of $185,000, TN annual removal costs are $82/lb and TP removal 
costs are $257/lb. 
 
To improve the quantification accuracy of stormwater pollutant reductions by BMPs that 
accumulate gross solids, a comparison of laboratory protocols and sampling procedures was 
made to improve the methodologies to quantify solids that accumulate in those BMPs and 
characterize their pollutant concentrations. Based on the limited number of samples and 
disparity of results, a recommendation to use solids based analytical methods for gross solids 
could not be made. This issue requires further investigation. 
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Diversion Manhole Calculations 



NSBB TREATMENT FLOW CALCULATIONS 

Per Ferguson Waterworks Sizing Guidance revised 07/20/23 Model NSBB 12 – 24 has a peak treatment 

flow rate of 109.5 CFS.  

 

Per ICPR routing exhibits, the cross drain just west of our site is labeled PC0805_1 and the node on the 

east side of 33rd is labeled Node NC0900. From the exhibit in Appendix C the stage elevation when flowing 

a minimum of 109 cfs is 12.68 FT. Once the flow rate exceeds the maximum treatment flow rate of the 

NSBB device stormwater will divert into two separate stormwater pipes that outfall to the flood mitigation 

reservoir. We propose a diversion manhole with a weir at elevation top set to 12.70 to divert all flow less 

than 109.5 cfs towards the NSBB device for BMP collection and treatment. 

 

The 100-year flow rate for the cross drain is 421.47 CFS. The maximum flow rate of the NSBB 12 – 24 is 

287.7 CFS. Thus, a bypass was created to bypass the remaining 133.77 CFS. Please see weir sizing 

calculations below.  

 

The weir in the diversion manhole was sized to discharge the above referenced remaining flow rate of 

133.77 CFS. Length = 21.09 Ft, Height = 1.54 Ft, Weir Coefficient = 3.32 

Q = C x L x H^(3/2) (Horizontal Broad Crested Weir Equation) 

Q = 133.81 CFS. Thus, the proposed weir within the diversion manhole is sufficiently sized to flow the 

minimum rate of 133.77 CFS.  

 

See the following figure for additional details on the NSBB and weir sizing and configuration.  
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OPINION OF PROBABLE COST FOR NSBB 

0430175272 NSBB EA 1 $528,000.00 $528,000.00

0430175254 PIPE CULV, OPT MATL, OTHER, 54"S/CD LF 16 $845.00 $13,520.00

0430175154 PIPE CULV, OPT MATL, ROUND, 54"S/CD LF 88 $633.64 $55,760.32

0430200 42 FLARED END SECTION, CONCRETE, 54" EA 1 $11,000.00 $11,000.00

0425  2101 MANHOLES, SPECIAL, <10' EA 1 $29,457.00 $29,457.00

Total $637,737.32

FDOT-D7T:\County or Misc Clients\Manatee County\Projects\6523 33rd St E Reservoir\12345678910 (SS10)\Drainage Documentation\Appendix C\Cost Estimates Option 111/10/2023



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Excavation Calculations 
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Flood Plain Calculations 
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Appendix D 
Geotechnical Information 
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Preface
Soil surveys contain information that affects land use planning in survey areas. 
They highlight soil limitations that affect various land uses and provide information 
about the properties of the soils in the survey areas. Soil surveys are designed for 
many different users, including farmers, ranchers, foresters, agronomists, urban 
planners, community officials, engineers, developers, builders, and home buyers. 
Also, conservationists, teachers, students, and specialists in recreation, waste 
disposal, and pollution control can use the surveys to help them understand, 
protect, or enhance the environment.

Various land use regulations of Federal, State, and local governments may impose 
special restrictions on land use or land treatment. Soil surveys identify soil 
properties that are used in making various land use or land treatment decisions. 
The information is intended to help the land users identify and reduce the effects of 
soil limitations on various land uses. The landowner or user is responsible for 
identifying and complying with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area 
planning, onsite investigation is needed to supplement this information in some 
cases. Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/
portal/nrcs/main/soils/health/) and certain conservation and engineering 
applications. For more detailed information, contact your local USDA Service Center 
(https://offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil 
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are 
seasonally wet or subject to flooding. Some are too unstable to be used as a 
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as 
septic tank absorption fields. A high water table makes a soil poorly suited to 
basements or underground installations.

The National Cooperative Soil Survey is a joint effort of the United States 
Department of Agriculture and other Federal agencies, State agencies including the 
Agricultural Experiment Stations, and local agencies. The Natural Resources 
Conservation Service (NRCS) has leadership for the Federal part of the National 
Cooperative Soil Survey.

Information about soils is updated periodically. Updated information is available 
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its 
programs and activities on the basis of race, color, national origin, age, disability, 
and where applicable, sex, marital status, familial status, parental status, religion, 
sexual orientation, genetic information, political beliefs, reprisal, or because all or a 
part of an individual's income is derived from any public assistance program. (Not 
all prohibited bases apply to all programs.) Persons with disabilities who require 
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alternative means for communication of program information (Braille, large print, 
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice 
and TDD). To file a complaint of discrimination, write to USDA, Director, Office of 
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410 or 
call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity 
provider and employer.
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How Soil Surveys Are Made
Soil surveys are made to provide information about the soils and miscellaneous 
areas in a specific area. They include a description of the soils and miscellaneous 
areas and their location on the landscape and tables that show soil properties and 
limitations affecting various uses. Soil scientists observed the steepness, length, 
and shape of the slopes; the general pattern of drainage; the kinds of crops and 
native plants; and the kinds of bedrock. They observed and described many soil 
profiles. A soil profile is the sequence of natural layers, or horizons, in a soil. The 
profile extends from the surface down into the unconsolidated material in which the 
soil formed or from the surface down to bedrock. The unconsolidated material is 
devoid of roots and other living organisms and has not been changed by other 
biological activity.

Currently, soils are mapped according to the boundaries of major land resource 
areas (MLRAs). MLRAs are geographically associated land resource units that 
share common characteristics related to physiography, geology, climate, water 
resources, soils, biological resources, and land uses (USDA, 2006). Soil survey 
areas typically consist of parts of one or more MLRA.

The soils and miscellaneous areas in a survey area occur in an orderly pattern that 
is related to the geology, landforms, relief, climate, and natural vegetation of the 
area. Each kind of soil and miscellaneous area is associated with a particular kind 
of landform or with a segment of the landform. By observing the soils and 
miscellaneous areas in the survey area and relating their position to specific 
segments of the landform, a soil scientist develops a concept, or model, of how they 
were formed. Thus, during mapping, this model enables the soil scientist to predict 
with a considerable degree of accuracy the kind of soil or miscellaneous area at a 
specific location on the landscape.

Commonly, individual soils on the landscape merge into one another as their 
characteristics gradually change. To construct an accurate soil map, however, soil 
scientists must determine the boundaries between the soils. They can observe only 
a limited number of soil profiles. Nevertheless, these observations, supplemented 
by an understanding of the soil-vegetation-landscape relationship, are sufficient to 
verify predictions of the kinds of soil in an area and to determine the boundaries.

Soil scientists recorded the characteristics of the soil profiles that they studied. They 
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock 
fragments, distribution of plant roots, reaction, and other features that enable them 
to identify soils. After describing the soils in the survey area and determining their 
properties, the soil scientists assigned the soils to taxonomic classes (units). 
Taxonomic classes are concepts. Each taxonomic class has a set of soil 
characteristics with precisely defined limits. The classes are used as a basis for 
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic 
classification used in the United States, is based mainly on the kind and character 
of soil properties and the arrangement of horizons within the profile. After the soil 
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scientists classified and named the soils in the survey area, they compared the 
individual soils with similar soils in the same taxonomic class in other areas so that 
they could confirm data and assemble additional data based on experience and 
research.

The objective of soil mapping is not to delineate pure map unit components; the 
objective is to separate the landscape into landforms or landform segments that 
have similar use and management requirements. Each map unit is defined by a 
unique combination of soil components and/or miscellaneous areas in predictable 
proportions. Some components may be highly contrasting to the other components 
of the map unit. The presence of minor components in a map unit in no way 
diminishes the usefulness or accuracy of the data. The delineation of such 
landforms and landform segments on the map provides sufficient information for the 
development of resource plans. If intensive use of small areas is planned, onsite 
investigation is needed to define and locate the soils and miscellaneous areas.

Soil scientists make many field observations in the process of producing a soil map. 
The frequency of observation is dependent upon several factors, including scale of 
mapping, intensity of mapping, design of map units, complexity of the landscape, 
and experience of the soil scientist. Observations are made to test and refine the 
soil-landscape model and predictions and to verify the classification of the soils at 
specific locations. Once the soil-landscape model is refined, a significantly smaller 
number of measurements of individual soil properties are made and recorded. 
These measurements may include field measurements, such as those for color, 
depth to bedrock, and texture, and laboratory measurements, such as those for 
content of sand, silt, clay, salt, and other components. Properties of each soil 
typically vary from one point to another across the landscape.

Observations for map unit components are aggregated to develop ranges of 
characteristics for the components. The aggregated values are presented. Direct 
measurements do not exist for every property presented for every map unit 
component. Values for some properties are estimated from combinations of other 
properties.

While a soil survey is in progress, samples of some of the soils in the area generally 
are collected for laboratory analyses and for engineering tests. Soil scientists 
interpret the data from these analyses and tests as well as the field-observed 
characteristics and the soil properties to determine the expected behavior of the 
soils under different uses. Interpretations for all of the soils are field tested through 
observation of the soils in different uses and under different levels of management. 
Some interpretations are modified to fit local conditions, and some new 
interpretations are developed to meet local needs. Data are assembled from other 
sources, such as research information, production records, and field experience of 
specialists. For example, data on crop yields under defined levels of management 
are assembled from farm records and from field or plot experiments on the same 
kinds of soil.

Predictions about soil behavior are based not only on soil properties but also on 
such variables as climate and biological activity. Soil conditions are predictable over 
long periods of time, but they are not predictable from year to year. For example, 
soil scientists can predict with a fairly high degree of accuracy that a given soil will 
have a high water table within certain depths in most years, but they cannot predict 
that a high water table will always be at a specific level in the soil on a specific date.

After soil scientists located and identified the significant natural bodies of soil in the 
survey area, they drew the boundaries of these bodies on aerial photographs and 
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identified each as a specific map unit. Aerial photographs show trees, buildings, 
fields, roads, and rivers, all of which help in locating boundaries accurately.
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Soil Map
The soil map section includes the soil map for the defined area of interest, a list of 
soil map units on the map and extent of each map unit, and cartographic symbols 
displayed on the map. Also presented are various metadata about data used to 
produce the map, and a description of each soil map unit.
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Map Unit Polygons

Soil Map Unit Lines

Soil Map Unit Points

Special Point Features
Blowout

Borrow Pit

Clay Spot

Closed Depression

Gravel Pit

Gravelly Spot

Landfill

Lava Flow

Marsh or swamp

Mine or Quarry

Miscellaneous Water

Perennial Water

Rock Outcrop

Saline Spot

Sandy Spot

Severely Eroded Spot

Sinkhole

Slide or Slip

Sodic Spot

Spoil Area

Stony Spot

Very Stony Spot

Wet Spot

Other

Special Line Features

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 
1:24,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause 
misunderstanding of the detail of mapping and accuracy of soil 
line placement. The maps do not show the small areas of 
contrasting soils that could have been shown at a more detailed 
scale.

Please rely on the bar scale on each map sheet for map 
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below.

Soil Survey Area: Manatee County, Florida
Survey Area Data: Version 20, Sep 6, 2023

Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.

Date(s) aerial images were photographed: Feb 5, 2020—Mar 
10, 2020

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.
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Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

15 Delray mucky loamy fine sand 0.7 6.5%

22 Felda fine sand, 0 to 2 percent 
slopes

4.7 46.1%

25 Floridana fine sand, 0 to 2 
percent slopes

4.8 47.4%

Totals for Area of Interest 10.2 100.0%

Map Unit Descriptions
The map units delineated on the detailed soil maps in a soil survey represent the 
soils or miscellaneous areas in the survey area. The map unit descriptions, along 
with the maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more 
major kinds of soil or miscellaneous areas. A map unit is identified and named 
according to the taxonomic classification of the dominant soils. Within a taxonomic 
class there are precisely defined limits for the properties of the soils. On the 
landscape, however, the soils are natural phenomena, and they have the 
characteristic variability of all natural phenomena. Thus, the range of some 
observed properties may extend beyond the limits defined for a taxonomic class. 
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without 
including areas of other taxonomic classes. Consequently, every map unit is made 
up of the soils or miscellaneous areas for which it is named and some minor 
components that belong to taxonomic classes other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the 
map unit, and thus they do not affect use and management. These are called 
noncontrasting, or similar, components. They may or may not be mentioned in a 
particular map unit description. Other minor components, however, have properties 
and behavioral characteristics divergent enough to affect use or to require different 
management. These are called contrasting, or dissimilar, components. They 
generally are in small areas and could not be mapped separately because of the 
scale used. Some small areas of strongly contrasting soils or miscellaneous areas 
are identified by a special symbol on the maps. If included in the database for a 
given area, the contrasting minor components are identified in the map unit 
descriptions along with some characteristics of each. A few areas of minor 
components may not have been observed, and consequently they are not 
mentioned in the descriptions, especially where the pattern was so complex that it 
was impractical to make enough observations to identify all the soils and 
miscellaneous areas on the landscape.

The presence of minor components in a map unit in no way diminishes the 
usefulness or accuracy of the data. The objective of mapping is not to delineate 
pure taxonomic classes but rather to separate the landscape into landforms or 
landform segments that have similar use and management requirements. The 
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delineation of such segments on the map provides sufficient information for the 
development of resource plans. If intensive use of small areas is planned, however, 
onsite investigation is needed to define and locate the soils and miscellaneous 
areas.

An identifying symbol precedes the map unit name in the map unit descriptions. 
Each description includes general facts about the unit and gives important soil 
properties and qualities.

Soils that have profiles that are almost alike make up a soil series. Except for 
differences in texture of the surface layer, all the soils of a series have major 
horizons that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness, 
salinity, degree of erosion, and other characteristics that affect their use. On the 
basis of such differences, a soil series is divided into soil phases. Most of the areas 
shown on the detailed soil maps are phases of soil series. The name of a soil phase 
commonly indicates a feature that affects use or management. For example, Alpha 
silt loam, 0 to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas. 
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate 
pattern or in such small areas that they cannot be shown separately on the maps. 
The pattern and proportion of the soils or miscellaneous areas are somewhat similar 
in all areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or 
miscellaneous areas that are shown as one unit on the maps. Because of present 
or anticipated uses of the map units in the survey area, it was not considered 
practical or necessary to map the soils or miscellaneous areas separately. The 
pattern and relative proportion of the soils or miscellaneous areas are somewhat 
similar. Alpha-Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas 
that could be mapped individually but are mapped as one unit because similar 
interpretations can be made for use and management. The pattern and proportion 
of the soils or miscellaneous areas in a mapped area are not uniform. An area can 
be made up of only one of the major soils or miscellaneous areas, or it can be made 
up of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil 
material and support little or no vegetation. Rock outcrop is an example.

Custom Soil Resource Report
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Manatee County, Florida

15—Delray mucky loamy fine sand

Map Unit Setting
National map unit symbol: 1hg7t
Elevation: 10 to 80 feet
Mean annual precipitation: 48 to 56 inches
Mean annual air temperature: 68 to 75 degrees F
Frost-free period: 350 to 365 days
Farmland classification: Not prime farmland

Map Unit Composition
Delray and similar soils: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Delray

Setting
Landform: Depressions on marine terraces
Landform position (three-dimensional): Dip
Down-slope shape: Concave
Across-slope shape: Concave
Parent material: Sandy and loamy marine deposits

Typical profile
A - 0 to 8 inches: mucky loamy fine sand
E - 8 to 51 inches: fine sand
Btg - 51 to 80 inches: sandy clay loam

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Very poorly drained
Runoff class: Negligible
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.57 to 5.95 in/hr)
Depth to water table: About 0 inches
Frequency of flooding: None
Frequency of ponding: Frequent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Sodium adsorption ratio, maximum: 4.0
Available water supply, 0 to 60 inches: Low (about 5.7 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3w
Hydrologic Soil Group: A/D
Ecological site: R155XY070FL - Sandy Freshwater Isolated Marshes and 

Swamps
Forage suitability group: Sandy soils on stream terraces, flood plains, or in 

depressions (G155XB145FL)

Custom Soil Resource Report
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Other vegetative classification: Sandy soils on stream terraces, flood plains, or in 
depressions (G155XB145FL), Freshwater Marshes and Ponds 
(R155XY010FL)

Hydric soil rating: Yes

Minor Components

Felda, hydric
Percent of map unit: 4 percent
Landform: Flats on marine terraces
Landform position (three-dimensional): Dip
Down-slope shape: Linear
Across-slope shape: Linear
Ecological site: R155XY080FL - Sandy over Loamy Freshwater Isolated Marshes 

and Swamps
Other vegetative classification: Sandy over loamy soils on flats of hydric or mesic 

lowlands (G155XB241FL), Slough (R155XY011FL)
Hydric soil rating: Yes

Floridana, depressional
Percent of map unit: 4 percent
Landform: Depressions on marine terraces
Landform position (three-dimensional): Dip
Down-slope shape: Concave
Across-slope shape: Concave
Ecological site: R155XY080FL - Sandy over Loamy Freshwater Isolated Marshes 

and Swamps
Other vegetative classification: Sandy over loamy soils on stream terraces, flood 

plains, or in depressions (G155XB245FL), Freshwater Marshes and Ponds 
(R155XY010FL)

Hydric soil rating: Yes

Chobee
Percent of map unit: 4 percent
Landform: Depressions on marine terraces
Landform position (three-dimensional): Dip
Down-slope shape: Concave
Across-slope shape: Concave
Ecological site: R155XY090FL - Loamy and Clayey Freshwater Isolated Marshes 

and Swamps
Other vegetative classification: Loamy and clayey soils on stream terraces, flood 

plains, or in depressions (G155XB345FL)
Hydric soil rating: Yes

Manatee
Percent of map unit: 3 percent
Landform: Depressions on marine terraces
Landform position (three-dimensional): Dip
Down-slope shape: Concave
Across-slope shape: Concave
Ecological site: R155XY090FL - Loamy and Clayey Freshwater Isolated Marshes 

and Swamps
Other vegetative classification: Loamy and clayey soils on stream terraces, flood 

plains, or in depressions (G155XB345FL), Freshwater Marshes and Ponds 
(R155XY010FL)

Hydric soil rating: Yes

Custom Soil Resource Report
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22—Felda fine sand, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: 2tzvy
Elevation: 0 to 180 feet
Mean annual precipitation: 40 to 60 inches
Mean annual air temperature: 70 to 77 degrees F
Frost-free period: 350 to 365 days
Farmland classification: Not prime farmland

Map Unit Composition
Felda and similar soils: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Felda

Setting
Landform: Flatwoods on marine terraces, drainageways on marine terraces
Landform position (three-dimensional): Tread, talf, dip
Down-slope shape: Linear
Across-slope shape: Linear, concave
Parent material: Sandy and loamy marine deposits

Typical profile
A - 0 to 4 inches: fine sand
Eg - 4 to 35 inches: fine sand
Btg - 35 to 43 inches: fine sandy loam
Cg - 43 to 80 inches: extremely paragravelly fine sand

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Poorly drained
Runoff class: Very high
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.60 to 6.00 in/hr)
Depth to water table: About 3 to 18 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 4 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Sodium adsorption ratio, maximum: 4.0
Available water supply, 0 to 60 inches: Low (about 5.2 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3w
Hydrologic Soil Group: A/D
Ecological site: F155XY130FL - Sandy over Loamy Flatwoods and Hammocks
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Forage suitability group: Sandy over loamy soils on flats of hydric or mesic 
lowlands (G155XB241FL)

Other vegetative classification: Slough (R155XY011FL), Sandy over loamy soils 
on flats of hydric or mesic lowlands (G155XB241FL)

Hydric soil rating: Yes

Minor Components

Wabasso
Percent of map unit: 6 percent
Landform: Flatwoods on marine terraces
Landform position (three-dimensional): Tread, talf
Down-slope shape: Linear, convex
Across-slope shape: Linear
Ecological site: F155XY120FL - Sandy Flatwoods and Hammocks
Other vegetative classification: Sandy soils on flats of mesic or hydric lowlands 

(G155XB141FL), South Florida Flatwoods (R155XY003FL)
Hydric soil rating: No

Oldsmar
Percent of map unit: 5 percent
Landform: Flatwoods on marine terraces
Landform position (three-dimensional): Talf
Down-slope shape: Linear, convex
Across-slope shape: Linear
Ecological site: F155XY120FL - Sandy Flatwoods and Hammocks
Other vegetative classification: Sandy soils on flats of mesic or hydric lowlands 

(G155XB141FL), South Florida Flatwoods (R155XY003FL)
Hydric soil rating: No

Valkaria
Percent of map unit: 4 percent
Landform: Drainageways on flatwoods on marine terraces
Landform position (three-dimensional): Tread, talf, dip
Down-slope shape: Linear
Across-slope shape: Linear, concave
Ecological site: F155XY120FL - Sandy Flatwoods and Hammocks
Other vegetative classification: Sandy soils on flats of mesic or hydric lowlands 

(G155XB141FL), Slough (R155XY011FL)
Hydric soil rating: Yes

25—Floridana fine sand, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: 2sm50
Elevation: 0 to 100 feet
Mean annual precipitation: 44 to 60 inches
Mean annual air temperature: 70 to 77 degrees F
Frost-free period: 350 to 365 days
Farmland classification: Not prime farmland
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Map Unit Composition
Floridana and similar soils: 92 percent
Minor components: 8 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Floridana

Setting
Landform: Flats on marine terraces, drainageways on marine terraces, 

depressions on marine terraces
Landform position (three-dimensional): Tread, talf, dip
Down-slope shape: Linear, concave
Across-slope shape: Linear, concave
Parent material: Sandy and loamy marine deposits

Typical profile
A - 0 to 15 inches: fine sand
E - 15 to 32 inches: fine sand
Btg - 32 to 65 inches: fine sandy loam
Cg - 65 to 80 inches: fine sand

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Very poorly drained
Runoff class: Negligible
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.20 in/hr)
Depth to water table: About 0 inches
Frequency of flooding: None
Frequency of ponding: Frequent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Sodium adsorption ratio, maximum: 4.0
Available water supply, 0 to 60 inches: Moderate (about 6.2 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3w
Hydrologic Soil Group: C/D
Ecological site: R155XY080FL - Sandy over Loamy Freshwater Isolated Marshes 

and Swamps
Forage suitability group: Sandy over loamy soils on flats of hydric or mesic 

lowlands (G155XB241FL)
Other vegetative classification: Sandy over loamy soils on flats of hydric or mesic 

lowlands (G155XB241FL), Freshwater Marshes and Ponds (R155XY010FL)
Hydric soil rating: Yes

Minor Components

Felda
Percent of map unit: 4 percent
Landform: Flatwoods on marine terraces, drainageways on marine terraces
Landform position (three-dimensional): Tread, talf, dip
Down-slope shape: Linear
Across-slope shape: Linear, concave
Ecological site: F155XY130FL - Sandy over Loamy Flatwoods and Hammocks
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Other vegetative classification: Slough (R155XY011FL), Sandy over loamy soils 
on flats of hydric or mesic lowlands (G155XB241FL)

Hydric soil rating: Yes

Samsula
Percent of map unit: 2 percent
Landform: Depressions on marine terraces
Landform position (three-dimensional): Tread, dip
Down-slope shape: Concave
Across-slope shape: Concave
Ecological site: R155XY100FL - Organic Freshwater Isolated Marshes and 

Swamps
Other vegetative classification: Organic soils in depressions and on flood plains 

(G155XB645FL), Freshwater Marshes and Ponds (R155XY010FL)
Hydric soil rating: Yes

Wabasso
Percent of map unit: 2 percent
Landform: Flatwoods on marine terraces
Landform position (three-dimensional): Tread, talf
Down-slope shape: Linear, convex
Across-slope shape: Linear
Ecological site: F155XY120FL - Sandy Flatwoods and Hammocks
Other vegetative classification: Sandy soils on flats of mesic or hydric lowlands 

(G155XB141FL), South Florida Flatwoods (R155XY003FL)
Hydric soil rating: No
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