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Saint Augustine, FL

- Has direct access to the
Atlantic Ocean through
the Saint Augustine

inlet.

ALABAMA GEORGIA

ATLANTIC
OCEAN

- It is bounded by three

St. Augustine®

tidal rivers: ] . é

FLORIDA
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Saint Augustine, FL M

» Saint Augustine was founded in 1565 and is
the oldest continuously inhabited European-
established settlement in the continental
United States.

» The Castillo de San Marcos is the oldest Figure 3. Flagler Figure 4 Historic
masonry fort in the continental United States. College brick streets

« Historic district with old brick streets,
coquina-shell walls, and Spanish Colonial

architecture. )
Figure 5.

Castillo de

« A city of historical significance and a beacon
i San Marcos

for tourism and cultural exploration.




ll. OBJECTIVES

The overall objective is to evaluate the impact of a Green

Infrastructure (Gl) approach and low impact development (LID)

solutions for flood mitigation in downtown Saint Augustine, Florida.

- A key consideration for this study was that any LID solutions must

harmoniously align with the city's architectural legacy and significance.

- The Storm Water Management Model, SWMM, was used for the methodology.
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ll. SITE DESCRIPTION

Study Area

e 245 Acres

- City Hall, Lightner Museum, Flagler S B B Flagier College
84 oy ™8 Buildings ||

College, and historic residential homes.
Lightner

« Most of the existing road infrastructure &, il C Bl Muscum

& City Hall

became “unsafe” for a 2-year storm
event.

Figure 6. |
Flooding |}
outside City
Hall during
Tropical Storm K%
Nicole |

(USACE, 2023).

Flgure 7. Map of the study site, streets, and
historic buildings.
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V. DATA COLLECTION AND GIS ANALYSIS

Meteorological Data
- January 1st, 2022 - December 31st, 2022.

Hurricane lan: September 28t through September 31st

« 20 inches of rain over the three days
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 Tropical Storm Nicole: November 10th and November 11th Figure 8. St. Augustine
WeatherSTEM unit
Precipitation Depth (inches) for the Year 2022 (WeatherSTEM, 2023).

Hurricane lan
Tropical Storm Nicole
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V. DATA COLLECTION AND GIS ANALYSIS

Meteorological Data

 Design Storms Depths

« 2year — 4.6 inches

b year — 5.8 inches

10 year — 7.0 inches

25 year — 9.0 inches

50 year — 10.6 inches

100 year — 12.4 inches

« The design storms were created
using the NOAA ATLAS 14 and the
Florida Department of
Transportation (FDOT) Drainage
Manual guidelines

Precipitation Intensity (in/hr)

24-Hour Design Storms (Precipitation Intensity)
1.4

1.2

1
0.8
0.6
0.4

0.2

0 2 4 6 8 10 12 14 16 18 20 22 24
Time (hr)

2 year —-5year ——10vyear —-25year —-50year —-100 year
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Site Characteristics

« Soil Characteristics (Horton Method):
« Maximum & Minimum infiltration rate = 5 in/hr & 0.5 in/hr

« Maximum water volume = 4 inches

Figure 9. Cordova Street road
and brick sidewalk
soil group A due to a higher water table in the region. (Google Earth, 2024).

- The water capacity of the soil is lower than a typical USDA

e Pervious Areas:

- Mixture of short, patchy grass and Bermuda grass (n = 0.3)

 Impervious Areds:

- Mixture of parking lots, roads, and cobblestone (n = 0.015) Figureﬂllo City Hall parking I-ot
(Google Earth, 2024).
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GIS Analysis

- A watershed delineation
was performed using the
ArcHydro toolbox.

- Average slope of the
subcatchments is between
2.5% — 4%.

« The subcatchments are

between 80% - 100%
impervious.

Figure 11. Two major catchments, 10 subcatchments
(S1- S10), flow paths from the delineation (blue), and street
names at the site (yellow). 12
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V. PRE-LID MODEL
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Figure 12. Subcatchments in the SWMM Pre-LID Model. "



V. PRE-LID MODEL

PRE-LID: Junctions

- Junctions placed at city ;

manholes and flow 7

7/ / £ "‘
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Z
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« Shallow-Type Manhole
depth = 4 ft

« Drop between 180°
manholes = 0.1 ft

« Drop between 90° angle
manholes = 0.24 ft
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Figure 13. Junctions in the SWMM Pre-LID Model.



V. PRE-LID MODEL

PRE-LID: Conduits
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Figure 14. Conduits in the SWMM Pre-LID Model.
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VI. LID MODEL

LID Model

 Rain Garden

- 52.2 (Flagler College)
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+ S3.1,54.2,S10.1, & S10.2
(CosA)

"/ / ‘/[ L % |9 %%
'i",} -?W Z ,{.);/‘ ] 1 7 / 7 4 %
'f?/l .//'.{','* % 2 %, /// /.*, P17

7 WSS /e A
A ey,

Vs
(AIPZ O
S 7 i
7/ % e o)
‘.): ” -’,"»

W, i N s

5 40 ,:{“ R 5

7,
B

H

g 7, A -

N 7
7 AN

7 XX _/l/ 7 v 4 |
7, Y

’}g /"/6 7'.‘9 5
7 Z 77 a,% ,/ 7 A
%2 7 7 ,;/f,. |
yue =Ry
% .

7 ¢
B )

] |
R 3 PP o |
o L o)

f
0/
/7

s "’. % S r/ ' 2 /':/ X - ,
9 e > Y 7 A 7
.\4)"’- 872709 o) R D7 2 X 47" A 2z :

L ]

Figure 15. Subcatchments in the SWMM LID Model. 18



VI. LID MODEL

« Goal is to increase infiltration, evaporation, transpiration,

o
Rain Garden oy g
57 ,-f/""fhé«’t:" = 4 ,'. ,"'f-l

A,

s T it

B kA R

) /',' %
/{/I// o

and reduce mosquito breeding. / . ol
9 J ,//;;/;{ 7 1 %
. -'.:‘V-,?{fy}- ',//a‘ s [ %’*)«3/////
- 100 feet long and 50 feet wide (0.115 acres). — e —

 7-inch berm height and 27-inch soil layer.
Width = 50’

7 1

27”

| |

R : 8 T T i oo
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e\ N

Figure 16. Ponded water
present at the proposed rain
garden site.

Length = 100’

Native Soil Figure 17. Rain Garden diagram 19



VI. LID MODEL

Tree Trench +
Storage Vault

« Goal is to reduce the peak flow and
volume of the stormwater in the
system.

e 4 tree trenches receive water from the
entire system.

- A perforated pipe is connected to the
city stormwater system on Granada
and Cordova Street.

« An underdrain located within the
storage vault will release stormwater
after 48 hours from the storm event.

______
et

Figure 18.
Proposed site

of tree trench. 20



Tree Trench +
7
.’ Water Inlet

Storage Vault
from Surface

and Gravity
Main

- 13,767 ft3 storage vault

Width = 6.67°

- - = -

under the tree trench > . Perforated
Pipe

soil. 3 3

A

72” |
v
Cross Section
Length = 86’

729’

Storage Vault

_‘— LR LD LAV Figure19. Tree

Underdrain Trench Diagram
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VIIi. Results




System Outfall: 2022 Model

Before LID Solutions After LID Solutions

/Flow rate (cfs): \ \

Flow rate (cfs):

Peak flow = 4.72 cfs Peak flow = 1.75 cfs

Average flow = 1.32 cfs Average flow = 0.27 cfs

Volume Runoff (gal): Volume Runoff (gal):

15.5 million gallons of runoff

K . / k « 12.6 million gallons of runoff /

« 63% reduction the peak flow rate

- 80% reduction in average flow rate

* 19% reduction in total runoff volume

23



System Outfall: Event-Based

2-YEAR TOTAL INFLOW (CFS)
5-YEAR TOTAL INFLOW (CFS)

LID Model —Existing Conditions Model
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VII. RESULTS
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Subcatchments & LID : Flagler College

 Flooding of the stormwater system was reduced by

96% for a 2-year storm event.

 For 2022, there was a 61% reduction in manhole

flooding events > 0.1 cfs (61 events to 24 events).

% Reduction in Flooding of the S2 Manhole (J2) Figure 20. | SpREEL, < SSale

Flooding at S2 / -
during Tropical 3

0 0 0 0 0 o Storm Nicole
| 96% 91% 81% 67% 58% 49% (USACE, 2023).

2-year 5-year 10-year 25-year 50-year 100-year

Rain Garden Results

T parameter | Continuous (2022

Runoff Retained 65.69% 50.82% 40.28% 26.47%
Rain Garden % Infiltrated of Retained 58.11% 26.61% 21.41% 14.30%
% Evaporated of Inflow 7.24% 0.22% 0.17% 0.11%

25

Storage (in) 453 17.41 17.55 17.75



VII. RESULTS

Tree Trench + Storage Vault

« Tree Trench Junctions;

 J3b - inflow into tree trench 1, J10b — inflow into tree trench 2, J11b — outflow from all tree trenches
 For all six design storms and 2022 the tree trenches and vault were never flooded.

* In 2022, there was a 52% reduction in volume of stormwater within the tree.

J3b — J10b — J11b ——

2.5 3.0

. 2-year S-year
s g . Figure 21. Total inflow (cfs) into
s . 4 the tree trenches (red & blue)
§_, % 15 and total outflow from the tree
Z 45 = trenches (pink) for the storm
3 P events.

0.5 0.5

0.0 | | 0.0 =

0 5 10 15 20 25 0 5 10 15 20 25

Elapsed Time (hour) Elapsed Time (hour) 26



VII. RESULTS

2-Year Event on Granada Street

= -
0
B
2 Before LID
f. __________________________ A
| R
J1 J2 J3 | J3a | J4a || J11d J4
| | J
i : i
R
B
£>’ After LID
Al -1 | —— | | A v
J - '1, J2 = Rain Garden Outlet &
Distance (ft) J3a & J4a = Tree Trench Inlet

Figure 23. Visualization of water elevation along the Granada .
Street gravity main before LID (Top) after LID (Bottom). J11d = Tree Trench Outlet



VIIl. Conclusion




VIll. CONCLUSION

LID solutions that align with the historic architecture can be implemented

at the site to reduce peak flow and volume of stormwater.

e Limitations:
« Lack of calibration and validation of the model.

« Educated assumptions were made for the depths of manholes and the invert elevations, and

further work should include fieldwork and observational data.

 Path forward:

« Conduct a cost analysis.

« Adjust the depth of the tree trench and vault design since the 100-year event simulation showed

that 5.2 feet of the storage vault was needed and there was 6 feet available in the design.

« The rain garden implemented in the model proved valuable for reducing stormwater, therefore

similar rain gardens could be implemented in other areas of the site. y



-
Acknowledgments

A Special thanks to the City of Saint Augustine for their invaluable contribution
through their Open Data Hub initiative under the COSA Geographic Information
Systems (GIS) Division. We would also like to acknowledge Reuben Franklin, P.E,
Assistant City Manager for the City of Saint Augustine and Jessica Beach, P.E., Chief
Resilience Officer, Deputy Director, Public Works & Utilities for the City of Saint

Augustine for their assistance throughout the project.

30



S
Selected Main References

Alsarawi, Noura, “Design of Low Impact Development and Green Infrastructure at Flood Prone Areas in the City of Miami Beach, FLORIDA, USA” (2018). FIU Electronic Theses and Dissertations. 3739.
https://digital commons.fiu.edu/etd/3739

St. Augustine Adventure. “Castillo de San Marcos.” St. Augustine Adventure, 2023. https://stougustineodventure.com/ottroctions/costiIIo—de-son-morcos/

St. Augustine Open Data. ArcGIS, 2023. data-staug.opendata.arcgis.com.

CDM Smith. “Stormwater Master Plan Update Phase 1.” City of Saint Augustine, CDM Smith, February 2013.

CDM Smith. “South Davis Shores Resiliency Study.” City of Saint Augustine, CDM Smith, June 2021. https://www.citystaug.com/DocumentCenter/View/4870/2021-South-Davis-Shores-Resiliency-Report-PDF

Environmental Protection Agency. (2016). Stormn Water Management Model (SWMM) Reference Manual Volume 1: Hydrology. Retrieved from [https://www.epa.gov/water-research/storm-water-
management-model-swmm)].

Environmental Protection Agency. (2016). Storm Water Management Model (SWMM) Reference Manual Volume 3: Water Quality. Retrieved from [https://www.epa.gov/water-research/storm-water-
management-model-swmm)].

FDOT Drainage Design Guide." Florida Department of Transportation, January 2019.https://www.fdot.gov/docs/default-source/roadway/drainage/files/DrainageDesignGuide.pdf.

Florida Department of }ronsportotion (FDOT). "IDF Curve/s.'.'tFIfD.OI
sitefini

] Drainage Manual, Accessed 19 September, 2
https://fdotwww.blob.core.windows.net

y/docs defouItsource/roodwoy?dro|noge/filgszﬁafcurves.pdf?sfvrsn=lbobf202_4.

Heineman, Mitch, et al. "A Comprehensive Water Quality Model of Boston's Drainage Systems.” World Environmental and Water Resources Congress 2013: Showcasing the Future, American Society of Civil
Engineers, 2013, https://doi.org/]0.106]/57807844]2947.007.

Jones Edmunds & Associates, Inc. "Duval County Low-Impact Development Manual.” City of Jacksonville, July 2013. https://gsi.floridadep.gov/wp-content/uploads/Duval _County _LID_Manual _072013.pdf

Kiger, Patrick. “How St. Augustine Became the First Permanent European Settlement in America.” History, 29 August 2023, https://www.history.com/news/st-augustine-first- american-settlement.

"LIDAR 2013 Digital Elevation Model." St. Johns County Data Depot, 30 June 2015, http://www.co.st-johns.fl.us/gis/DataDepot.aspx.

National Oceanic and Atmospheric Administration (NOAA). "Precipitation-Frequency Data Server (PFDS) ATLAS 14." NOAA, Accessed 14 September 2023,
https://hdsc.nws.noaa.gov/pfds/pfds _map_cont.html?bkmrk=fl.

Phelps, G. “Water Recourses of Duval County, Florida.” U.S. Geological Survey. Water-Resources Investigations Report, 93-4130. 1994. https://fl.water.usgs.gov/PDF _files/wri93_4130_phelps.pdf
"S-17-2008 Manhole Channel Design.” Washington Suburban Sanitary Commission (WSSC), 2008. https://www.wsscwater.com/sites/default/files/sites/wssc/files/Design%20Manuals/S-17-2008 _74493.pdf.
"S-18-2008 Manhole Depth Design." Washington Suburban Sanitary Commission (WSSC), 2008. https://www.wsscwater.com/sites/default/files/sites/wssc/files/Design%20Manuals/S-17-2008 _74493.pdf.

Tu, Min-Cheng, and Patricia K. Smith. "Modeling Pollutant Buildup and Washoff Parameters for SWMM Based on Land Use in a Semiarid Urban Watershed.” Water Air and Soil Pollution, vol. 229, no. 4, March 2018,
d0|:10.1007?311270—018—3777—2.

USACE. “Back Bay Coastal Storm Risk Management Feasibility Study”. City of Saint Augustine, 22 February, 2023. https://usace.contentdm.oclc.org/ utils/getfile/collection/p16021colll/id/6107
USDA Natural Resources Conservation Service. "Soil Survey Geographic (SSURGO) Database.” Web Soil Survey, Accessed 18 September 2023, https:/ /websoilsurvey.sc.egov.usda.gov/app/WebSoilSurvey.aspx
WeatherSTEM. "'FSWN CityStAug Weather Station.” Accessed 19 September 2023, https://stjohns.weatherstem.com/fswncitystaug. 31


https://www.citystaug.com/DocumentCenter/View/4870/2021-South-Davis-

Thank you for
listening.

Questions?

! HRekh]




