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Technical Memorandum 

Date: April 19, 2021  

To: Isaac Brownman - Town of Longboat Key Public Works Director 
Ricardo Borromeo – Carollo Engineers 
 

From: Doug Robison, PWS 

Subject Longboat Key Sewer Leak Consent Order – Final Evaluation Summary 
 
 

Introduction 

Pursuant to the OGC File No. 20-1261 Consent Order, paragraph 15 and Attachment A, the Town of 
Longboat Key (Town) has been directed to conduct an Evaluation Summary of the mangrove impact 
areas associated with the access road fill/clearing and the discharge and pooling of raw sewage. On 
March 12, 2021, ESA conducted field investigations and sample collection to address these Consent 
Order requirements. The scope of work for this field effort included the following activities: 

 Unmanned Aerial Vehicle (UAV) drone flyover of the entire impact area to obtain updated aerial 
imagery, as well as topographic and thermal signatures; 

 Ground delineation of the: 1) road fill/clearing impact area; and 2) sewage leak impact area; and 

 Sediment core sample collection in the sewage leak impact area, and a control (adjacent un-
impacted) mangrove area. 

On March 23, Morgan & Eklund Surveyors conducted a special purpose ground survey of the road 
fill/clearing and sewage leak impact areas, as well as a pre-restoration topographic survey of the entire 
impact area and surrounding adjacent un-impacted areas. 

In compliance with the Consent Order schedule of deliverable, the Town submitted a Draft Evaluation 
Summary to the Department on March 26, 2021. That document provided a description of the activities 
and observations conducted on March 12, 2021 by the ESA field team, but did not include the results of 
the sediment sample analyses and special purposes surveys, as those results were not yet available.  

This document constitutes the Final Evaluation Summary provided to the Department in compliance with 
the Consent Order, and includes the results of all required data collection activities. In addition, an 
interpretation of the data analyses, and general recommendations regarding the proposed restoration 
plan, are provided. 
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Drone Flyover 

Real-time display imagery from the UAV drone was used to generally view and bound the entire impact 
area from an elevation of 400 feet above ground level. Almost 9,000 true-color and thermal spectrum 
photographs were collected using the UAV drone. The signatures of the fill and sewage leak impact 
areas were clearly observed from the UAV drone’s flight elevation. Figure 1 shows true color aerial 
imagery of entire impact area, as recorded on the March 12, 2021 UAV drone flyover. The thermal 
spectrum imagery was useful in confirming the limits of dead mangroves and filled areas. 

An anomalous visual signature was observed south and east of the previously delineated sewage leak 
impact area, and is depicted on Figure 1. This area was traversed in the field and quickly determined to 
be mangrove trees that had been trimmed and/or topped, and not an expansion of the sewage leak 
impact area. Figure 2 shows a photograph of trimmed/topped mangroves in this area. The Long Bar 
Pointe Mitigation Bank Permit issued by FDEP authorizes mangrove trimming in this area, and the 
observed tree mangrove topping work is presumed to be consistent with this permit. 

Ground Delineation and Special Purpose Surveys of Impact Areas 

The ESA field team traversed the boundaries of the road fill/clearing and sewage leak impact areas, and 
tied flagging ribbon to delineate these two impact areas for ground surveys. The special purpose wetland 
surveys of the road fill/clearing and sewage leak impact areas, and the pre-restoration topographic 
survey, are provided as Attachment 1. The respective boundaries and limits of two impact areas, and 
the calculated volume of fill material to be removed as part of the site restoration, are as follows: 

 Road fill/clearing impact area = 0.51 acres; 
o 0.35 acres of mangrove and intertidal wetlands 
o 0.16 acres of freshwater wetlands 

 Sewage leak impact area = 0.92 acres (all mangroves and intertidal wetlands); and 
 Volume of road fill material to be removed for site restoration = 993 (~1,000) cubic yards. 

 
Since the sewer force main leak was repaired in July 2020, there has been no additional fill or clearing 
in this area. The fill road remains open and non-vegetated. Some new mangrove seedlings were 
observed in portions of the peripheral areas that were cleared but not filled. Figure 3 shows a photograph 
of the fill road, and the ESA field team with the UAV drone in operation. 
 
The limits of the sewage leak impact area appeared to be unchanged from that observed in September 
2020 when ESA conducted the initial impact assessment. While traversing the sewage leak impact area, 
a Sulphur-like odor was detected, and portions of this area had a thin algal mat on the sediment surface. 
Virtually all mangrove trees within the center of the sewage leak impact area were dead or fully defoliated, 
and there was no indication of tree recovery, no recruitment of new mangrove seedlings, and no viable 
mangrove propagules in the majority of this area (Figure 4). There was also no growth or recruitment of 
halophytic herbaceous plant species, which often occurs in treefall or canopy loss gaps in mangrove 
forests. 

Compared to the un-impacted mangroves immediately west of the fill road (Figure 5), the sewage leak 
impact area was completely defoliated with no canopy cover and few or no healthy pneumatophores. 



   OGC File No. 20-1261 Consent Order – Final Evaluation Summary 
 

3 

However, some smaller mangrove trees on the periphery of the sewage leak impact area, mostly on 
slightly elevated hummocks, did appear to be recovering with new leaves observed (Figure 6). The 
boundary between the sewage leak impact area and adjacent live mangroves could be clearly seen, both 
on the aerial imagery and on the ground (Figure 7). 

Sediment Core Sampling and Analysis 

The ESA field team collected nine (9) surface sediment core samples in the sewage leak impact area; 
two (2) control samples in adjacent un-impacted mangroves at the same elevation; and one (1) field 
equipment blank. The locations of where sediments samples were collected are shown in Figure 1.  An 
attempt was made to collect samples along three west-to-east transects to provide for a stratified-random 
sample station distribution within the lowest, wettest, and most impacted portion of the sewage leak 
impact area. 

Sediment samples were collected using a 3-inch diameter polycarbonate suction sediment corer, as 
shown in Figure 8. The coring device was pushed into the surface sediments, between mangrove 
pneumatophores where feasible, until resistance was attained. Each sample typically collected the top 
6-8 inches of sediments. Each sediment core sample was generally a mixture of: 1) wet black wet muck; 
2) dense dark brown fibrous peat; 3) decomposing mangrove roots and pneumatophores; and 4) larger 
living and recently dead mangrove roots and pneumatophores. At each sampling location 2-3 core 
samples were composited and mixed in a clean metal bowl. Sample containers were then filled with the 
mixed sediment material. The sediment samples were immediately delivered to Benchmark Enviro-
Analytical Laboratory in Palmetto, Florida, for analysis. The parameters analyzed included: 

Nutrients 
 Ammonia nitrogen 
 Organic Nitrogen 
 Total Kjeldahl nitrogen 
 Total phosphorus 
 Total solids 
 Total Organic Carbon 

 
Metals 

 Arsenic 
 Barium 
 Cadmium 
 Calcium 
 Chromium 
 Copper 
 Lead 
 Molybdenum 
 Nickel 
 Selenium 
 Silver 
 Zinc 
 Mercury 
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Organics 
 1-Methylnapthalene 
 2-Methylnapthalene 
 Acenapthene 
 Acenapthylene 
 Anthracene 
 Benzo (a) anthracene 
 Benzo (a) pyrene 
 Benzo (b) fluoranthene 
 Benzo (g,h,i) perylene 
 Benzo (k) fluoranthene 
 Chrysene 
 Dibenzo (a,h) anthracene 
 Fluoranthene 
 Flourene 
 Indeno (1,2,3-cd) pyrene 
 Naphthalene 
 Phenanthrene 
 Pyrene. 

 
The results of the sediment sample analyses are provided in Attachment 2, including a summary 
spreadsheet and the raw laboratory results. It should be noted that there are no federal or state standards 
for ambient nutrient or contaminant concentrations in wetland sediments. Rather, toxicity literature is 
used to determine safe concentrations for benthic and sediment-dwelling organisms. The guidance 
document utilized for such determinations in Florida wetlands is Development and Evaluation of 
Numerical Sediment Quality Assessment Guidelines for Florida Inland Waters (MacDonald et al., 2003). 
Based on extensive sediment analyses and toxicity studies, MacDonald et al. (2003) prepared a 
summary table (Table 5-1) of contaminant concentrations for two measures of potential impact to 
sediment dwelling organisms in Florida wetlands: 

 Threshold Effect Concentration (TEC) = concentrations below which harmful effects are 
unlikely to be observed; and 
 

 Probable Effect Concentration (PEC) = concentrations above which harmful effects are likely 
to be observed. 

From the summary spreadsheet provided in Attachment 2, the following observations can be made with 
regard to the sediment chemistry analyses: 
 

 Concentrations of nutrients, metals, and organics were not significantly different between the 
sewage leak impact area stations and the un-impacted mangrove control stations; 
 

 While the concentrations of metals exceeded the TEC in some stations, no stations had 
concentrations above the PEC for any of the analyzed metals; 
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 Of the 162 organics analyses conducted, only 19 (11.7%) had values above the laboratory 
Minimum Detection Limit (MDL), or between the MDL and the Practicable Quantification Limit 
(PCL), while 88.3 percent of the organics analyses were below detection limits; and 
 

 No stations had concentrations above the TEC for any of the analyzed organics. 

From these observations two key conclusions can be made: 1) sediment quality in the sewage leak 
impact area and the control area are essentially the same; and 2) sediments in the areas assessed are 
not nutrient enriched, nor contaminated with respect to metals or organics concentrations. Accordingly, 
it is further concluded that the observed mangrove die-off associated with the sewage leak was caused 
by hydrologic stress (e.g., suffocation of pneumatophores and adventitious roots) rather than by chemical 
stress associated with any contaminants. 

Restoration Plan Recommendations 
 
The follow-on deliverable required by the Consent Order upon Department approval of this Final 
Evaluation Summary is the submittal of a Restoration Plan for the areas impacted by the sewage leak 
and the road fill/clearing impact areas. This section briefly discusses our proposed approach to 
restoration of these two impact areas, respectively. 

Sewage Leak Impact Area 

Based on the activities and observations described above, ESA concludes that there has been no 
expansion of the sewage leak mangrove impact area since the initial assessment was conducted in 
September 2020. In fact, from the field delineation of this area the total area of the sewage leak impact 
area is 0.91 acres, or 0.34 less in area than the original estimate of 1.25 acres, which was based on 
aerial photointerpretation. However, while the sewage leak impact area has not expanded, there has 
also been little or no natural recovery within the central portion of this area since the leak was repaired 
in July 2020. 

Based on the results of the sediment chemistry analyses, it is concluded that the observed mangrove 
die-off in the sewage leak impact area was not the result of chemical stress caused by sewage 
contaminants, but rather was the result of hydrologic stress associated with continuous inundation for an 
undetermined period of time. Sediments in mangrove forests are typically anoxic, and oxygen for below-
ground roots is provided by above-ground root structures, including pneumatophores and adventitious 
roots. Therefore, mangroves need exposure to unrestricted tidal flow and fluctuating water levels to 
maintain healthy growth and reproduction. 

Blocked or restricted tidal flow and pooling of stagnant water over time can lead to a phenomenon 
referred to as a “mangrove heart attack” (Lewis et al., 2016). This phenomenon has been observed 
globally, and results from natural (accretion) or man-made (filling) hydrologic restrictions within mangrove 
forests that reduce efficient tidal flushing. This in turn results in the pooling of stagnant water, and the 
suffocation of mangrove pneumatophores and adventitious roots, in hydrologically-restricted areas, 
leading to mangrove mortality. 
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The sewage leak impact area appears to be a slightly lower, semi-isolated depression within a larger 
black mangrove forest basin. Along the eastern edge of the sewage leak impact area is a small open 
water pool surrounded by stunted, but living, black mangroves. This pool and the larger sewage leak 
impact area does not appear to have frequent or efficient tidal circulation or flushing, and the stunted 
black mangroves are evidence that poor tidal circulation existed prior to the sewage leak. Additional 
evidence of poor tidal flushing is the observed algal mat on the sediment surface and the lack of 
mangrove propagules in this area. Therefore, it appears as though the sewage leak caused the pooling 
of organic-rich water for an undetermined amount of time resulted in acute hydrologic stress. In essence, 
the sewage leak caused an acute mangrove heart attack in this hydrologically-restricted and poorly-
flushed area. 

It is recommended that the sewage leak impact area be restored using the following measures: 

 Topping of dead mangrove trees to allow for greater sunlight exposure; 

 Planting of 1-gallon nursery-grown mangroves on 3-foot centers distributed according to the pre-
impact zonation of red, black and white mangroves; and 

 Excavation of a shallow swale(s) hydrologically connecting the sewage leak impact area to 
Sarasota Bay, constructed within the existing force main easement, to increase tidal circulation 
and flushing, and to enhance natural recruitment of mangrove propagules. 

The construction of a shallow swale(s) to improve tidal flushing and circulation in the restoration areas 
will further enhance recovery in an area that was hydrologically-restricted prior to the sewage leak. 
Furthermore, based on the results of the sediment chemistry analyses, there is no justification for 
removing sediments in the sewage leak impact area. Rather, the existing sediments have healthy nutrient 
and organic concentrations, and will support both the flourishing of planted material as well as natural 
recruitment of propagules.  

Road Fill/Clearing Impact Area 

The construction of the temporary haul road to repair the sewer force main leak resulted in the clearing, 
filling, and burial of 0.51 acres of disturbed freshwater wetlands (0.16 acres) and mangroves (0.35 acres). 
This area can best be restored by: 

 Removing the approximate 1,000 cubic yards of fill material used for road construction; 

 Re-grading the impacted area to adjacent natural elevations; 

 Planting the re-graded area with mangroves on 3-foot centers; and 

 Enhancement of tidal circulations and flushing through the construction of a shallow swale(s) 
connecting with Sarasota Bay. 

It should be noted that the Town has a pending Environmental Resource Permit application (DEP 
Application No.: 41-0393941-001-EI) under review by the Department to construct a redundant sewer 
force main adjacent to and north of the existing force main. The proposed alignment of the new force 
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Attachment 3 – Permit Plans for New Force Main Construction in Fill Road Area.

Attachment 2 – Sediment Chemistry Analysis Summary and Lab Results.

Attachment 1 – Special Purpose Wetland and Topographic Survey.

Attachments

Survey for the Florida Department of Environmental Protection, Tallahassee, Florida.
Waters. Technical Report prepared by MacDonald Environmental Services, Ltd. and the U.S. Geological 
Development and Evaluation of Numerical Sediment Quality Assessment Guidelines for Florida Inland 
MacDonald,  D.D.,  C.G.  Ingersoll,  D.E.  Smorong,  R.A.  Lindskoog,  G.  Sloane  and  T.  Biernacki.  2003. 

771.
worldwide  mangrove forest  management.  Marine  Pollution  Bulletin;  Volume  109, Issue  2,  Pages  764- 
in  mangrove  forests:  early  detection  and  preemptive  rehabilitation  are  essential  for  future  successful 
Lewis, R.R, E.C. Milbrandt, B. Brown, K.W. Krauss, A.S Rovai, J.W. Beever, and L.L. Flynn. 2016. Stress 
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Department to discuss the timing of the restoration of the road fill/clearing impact area.
Prior  to  the  submittal  of  the  required  Restoration  Plan,  the  Town  requests  further  dialogue  with  the 

restored as described above.
leak impact area. When the new force main is  constructed, the entire fill road area would be fully 
(e.g., intertidal mud flat habitat). This would facilitate the restoration and recovery of the adjacent sewer 
the new force main, the re-graded area would provide intertidal habitat without the planted mangroves 
during the construction of the new force main. During the interim time period before the construction of 
One alternative could be to remove the haul road fill material and stockpile it on nearby uplands for use 

new force main, requiring a second restoration.
the planted mangroves will have to be temporarily cleared and filled again with the construction of the 
construction of the new force main. Otherwise, if this area is restored within the next few months, then 
Specifically,  the  Town  is  requesting  that  the  full  restoration  of  this  area  be  delayed  until  after  the 
Therefore, the Town is requesting flexibility in the timing of the road fill/clearing impact area restoration. 

main.
fill/clearing  impact  area  will  be  cleared  and  temporarily  filled  during  the  construction  of  the  new  force 
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Figure 1

Town of Longboat Key - Sewer Force Main Leak Area
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Figure 2 – Mangrove tree trimming/topping area southeast of the sewage leak impact area. 
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Figure 3 – ESA field team mobilizing on the access fill road with the UAV drone in flight. 
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Figure 4 – Sewage leak mangrove impact area. 
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Figure 5 – Un-impacted mangrove control area. 
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Figure 6 – Recovering mangrove is sewage leak impact area. 
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Figure 7 – Boundary of sewage leak impact area and un-impacted mangroves. 
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Figure 8 – Sediment corer with sample from sewage leak impact area. 
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Town of Longboat Key Force Main Leak
Sediment Chemistry Data Summary

Units #1 #2 #3 #4 #5 #6 #7 #8 #9 Mean* #10 #11 Mean*
Nutrients
Ammonia Nitrogen % dry weight 0.013 0.008 0.009 0.006 0.007 0.009 0.002 0.006 0.007 0.007 0.009 0.010 0.010
Organic Nitrogen % dry weight 1.55 1.80 1.63 2.03 2.25 1.91 0.32 1.34 1.80 1.63 1.59 1.47 1.53
Total Kjeldahl Nitrogen % dry weight 1.55 1.81 1.64 2.04 2.26 1.92 0.32 1.35 1.81 1.63 1.60 1.48 1.54
Total Phosphorus % dry weight 0.186 0.100 0.080 0.125 0.167 0.102 0.055 0.101 0.100 0.113 0.208 0.175 0.192
Total Solids % dry weight 19.5 15.5 16.6 15.0 14.4 15.0 48.4 19.4 14.4 19.8 8.75 14.2 11.5
Total Organic Carbon mg/kg 322,000 380,000 405,000 442,000 510,000 431,000 214,000 430,000 386,000 391,111 459,000 414,000 436,500

Metals TEC1 PEC2

Arsenic mg/kg 1.37 I 2.85 I 1.85 U 26.9 6.78 I 4.08 1.28 I 1.58 U 1.83 U 5.39 3.510 U 4.82 I 4.17 9.8 33
Barium mg/kg 18.6 15.5 7.76 147 41.5 9.86 11.3 13.5 11.9 30.77 7.42 32.1 19.76 20 60
Cadmium mg/kg .558 I .845 I 1.39 2.59 1.56 1.49 0.414 0.774 I 1.21 1.20 1.91 I 1.71 1.81 1.0 5
Calcium mg/kg 10,850 6,962 5,963 160,698 58,714 8,091 37,274 6,895 13,732 34,353 8,271 10,855 9,563 NG NG
Chromium mg/kg 24.7 25.0 8.76 79.1 23.8 16.2 9.96 20.0 11.2 24.30 11.0 64.1 37.55 43 110
Copper mg/kg 41.6 28.3 11.7 685 217 55.6 14.4 43.8 68.2 129.51 51.5 131 91.25 32 150
Lead mg/kg 10.8 12.7 15.6 57.1 22.1 12.4 9.48 11.6 9.05 17.87 6.28 I 31.7 15.85 36 130
Molybdenum mg/kg 2.85 5.72 4.46 27.8 20.0 9.19 0.239 I 4.57 10.80 9.51 22.1 6.05 14.08 NG NG
Nickel mg/kg 6.12 5.95 2.09 35.00 11.1 4.48 2.21 4.41 3.04 8.27 2.80 13.7 8.25 23 49
Selenium mg/kg .862 U 3.64 I 3.13 1.27 U 1.28 U 2.5 .357 U 4.91 3.27 2.36 2.38 I 5.87 4.13 NG NG
Silver mg/kg .413 I 0.837 0.339 I 2.23 1.55 0.871 7.22 1.02 0.974 1.72 0.992 I 2.36 1.68 1.0 2.2
Zinc mg/kg 52.2 26.2 73.4 1544 608 127 38.7 43 167 297.72 104 99.8 101.90 120 460
Mercury mg/kg .296 I 0.322 I 0.14 U 0.908 0.628 0.376 I .145 I 0.315 I 0.275 I 0.38 0.371 I 0.941 0.66 0.18 1.1

Organics
1-Methylnapthalene mg/kg 0.14 U 0.16 U 0.16 U 0.17 U 0.18 U 0.18 U 0.074 U 0.24 U 0.29 U 0.18 0.34 U 0.29 U 0.32 NG NG
2-Methylnapthalene mg/kg 0.14 U 0.16 U 0.16 U 0.17 U 0.18 U 0.18 U 0.074 U 0.24 U 0.29 U 0.18 0.34 U 0.29 U 0.32 NG NG
Acenapthene mg/kg 0.11 U 0.14 U 0.14 U 0.14 U 0.15 U 0.15 U 0.062 U 0.20 U 0.24 U 0.15 0.28 U 0.24 U 0.26 0.7 8.9
Acenapthylene mg/kg 0.11 U 0.14 U 0.14 U 0.14 U 0.15 U 0.15 U 0.062 U 0.20 U 0.24 U 0.15 0.28 U 0.24 U 0.26 0.6 13
Anthracene mg/kg 0.11 U 0.13 U 0.12 U 0.13 U 0.14 U 0.13 U 0.057 U 0.19 U 0.22 U 0.14 0.26 U 0.22 U 0.24 5.7 85
Benzo(a)anthracene mg/kg 0.14 U 0.16 U 0.16 U 0.42 0.33 0.18 U 0.074 U 0.24 U 0.29 U 0.22 0.34 U 0.29 U 0.32 11 110
Benzo(a)pyrene mg/kg 0.14 U 0.17 U 0.17 U 0.43 0.27 0.18 U 0.077 U 0.25 U 0.30 U 0.22 0.35 U 0.30 U 0.33 15 150
Benzo(b)fluoranthene mg/kg 0.14 U 0.16 U 0.16 U 0.68 0.48 0.22 0.074 U 0.24 U 0.29 U 0.27 0.34 U 0.29 U 0.32 NG NG
Benzo(g,h,i)perylene mg/kg 0.15 U 0.18 U 0.18 U 0.33 0.25 0.19 U 0.082 U 0.27 U 0.32 U 0.22 0.37 U 0.32 U 0.35 NG NG
Benzo(k)fluoranthene mg/kg 0.096 U 0.11 U 0.11 U 0.22 0.18 I 0.12 U 0.052 U 0.17 U 0.20 U 0.14 0.24 U 0.20 U 0.22 NG NG
Chrysene mg/kg 0.15 U 0.17 U 0.17 U 0.41 0.33 0.19 U 0.079 U 0.26 U 0.31 U 0.23 0.36 U 0.31 U 0.34 17 130
DiBenzo(a,h)anthracene mg/kg 0.12 U 0.14 U 0.14 U 0.14 U 0.16 I 0.15 U 0.064 U 0.21 U 0.25 U 0.15 0.29 U 0.25 U 0.27 3.3 14
Fluoranthene mg/kg 0.20 0.17 U 0.17 U 0.86 0.52 0.24 0.079 U 0.26 U 0.31 U 0.31 0.36 U 0.31 U 0.34 42 220
Flourene mg/kg 0.11 U 0.13 U 0.12 U 0.13 U 0.14 U 0.13 U 0.057 U 0.19 U 0.22 U 0.14 0.26 U 0.22 U 0.24 7.7 54
Indeno(1,2,3-cd)pyrene mg/kg 0.15 U 0.17 U 0.17 U 0.18 U 0.19 U 0.19 U 0.079 U 0.26 U 0.31 U 0.19 0.36 U 0.31 U 0.34 NG NG
Naphthalene mg/kg 0.15 U 0.18 U 0.18 U 0.18 U 0.20 U 0.19 U 0.082 U 0.27 U 0.32 U 0.19 0.37 U 0.32 U 0.35 18 56
Phenanthrene mg/kg 0.10 U 0.12 U 0.12 U 0.12 I 0.13 U 0.13 U 0.054 U 0.18 U 0.21 U 0.13 0.25 U 0.21 U 0.23 20 120
Pyrene mg/kg 0.15 I 0.10 U 0.17 U 0.71 0.45 0.21 0.077 U 0.25 U 0.30 U 0.27 0.35 U 0.30 U 0.33 20 150

I = Value is between the MDL and PQL values.
U = Analyte was not detected at or above the MDL value.
* Means include MDL values when analytes were not detected at values above the MDL.
1TEC = Threshold Effect Concentration = concentrations below which harmful effects are unlikely to be observed (source: MacDonald et al. 2000a).
2PEC = Probable Effect Concentration = concentrations above which harmful effects are likely to be observed (source: MacDonald et al. 2000a).
NG = No guidance data available.

MacDonald, D.D. and C.G. Ingersoll. 2002a. A guidance manual to support the assessment
of contaminated sediments in freshwater ecosystems. Volume 1 - An ecosystem-based
framework for assessing and managing contaminated sediments. Prepared for Florida
Department of Environmental Protection. Tallahassee, Florida
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