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Future Conditions Map Series

* Previously ﬁ_ermi.tting criteria was based on
current or historic conditions

* Has led to some projects being quickly outdated or
undersized

e February 7 2017 Broward County Commission -
Authorized Future Conditions Map Series

e “To ensure the resiliency of current and future
infrastructure investments, it is necessary to
modernize many aspects of regional planning and
licensing requirements. With tﬁe influence of climate
change, and the impacts of sea level rise in particular,
no longer is it prudent to rely solely upon historic and
current environmental conditions as the basis for
infrastructure planning, design and permitting.”

* First planned maps:
e Future Conditions GW Elevations
e Future Conditions 100-yr Flood




Application

* Provides for proper design of stormwater
management systems during permitting process.

* Impacts the need for correctly identifying wet or dry
retention areas for proper functioning of system for
on-site storage

unsaturated soil

surface watar < - water table




* Adopted in 2000

« Based on groundwater & surface
water measurements

* Limited data (e.g., along coast line)
requires use of site-specific
measurements of GW

* Changes in hydrology have occurred,
necessitating update
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Rising Historic Groundwater Levels
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Example- New Broward County Animal Care Facility




New Vs. Old Contours & LiDAR
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New Challenge- Future

Conditions

e T T
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* Including:
* Influence of sea level rise
* Changes in precipitation

* Requires we address with modernized
standards and system design

| Unified Sea Lewvel Rise Projection
||3eutheast Florida Regicnal Climate Change Compact, 2015]
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Proposed Update Methodology

* Use of new County Wide Inundation Model
* Future period 2060-2069

* NRC 3 SLR
» 26.6-33.9 inch increase from 1992 levels

e CCSM climate model

* 9.1% rainfall increase -
» Use of future wet season
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Current King Tides







Rainfall Patterns

» Different precipitation models
« CCSM: 53.4 in/yrto 58.2 infyr = +9.1%
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June 2017 Rain Event
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June 7: Record rain at most climate sites
yesterday. Flood Watch remains in effect for
. Sunrize Police FL == SFL with more heavy rain today
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SOUTH FLORIDA WHO WE OUR DOING BUSINESS  COMMUMNITY
KRE

WATER MANAGEMENT DISTRICT e g BEARIER Sy

Storm Like Volumes of Rain, Flood
Control System Working Properly

The Sauth Florida Water Management District (SPWMD] system recelved tropical storm like velumes of rainfall
aver the last three days with the majority ocourring yesterday (Tuesday [une &, 2017). Accurnulated rainfall

ranges are betwesn 4 and 14 inches ina wide band siretching frem Collier County across the state to Palm Beach
and Broward Counties,

SPWMD was prepared far this rain event, as water managers lowered canals in the preceding days. The SPAMD
systerm is working properly 1o handie these high volumes of water, however, If you are experiencing flooding In
your area the most likely cause is either a secondary canal system controlled by your local water drainage district
or one operated by your Home Owners Association,

Use the interactive map balow to find your local water drainage district's contact information. Click

amywhere in the shaded portion for more contact details or enter your address in the search box located
at the top right of the map.
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Flooding is concemn for South Horida asrain
continues to fall

Sawgrass Mills mall closed because of | L ._ :
flooding ) ' ) { B

15 P Dawvie residents tind flsh in yards after days of
heavy rain
1HE
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https://www.local10.com/slideshow/south-florida-flooding-in-pictures

Thiz ficodwalker rose as nearky as high as this swimming pool in Plantation

The: parking lot of the Clesetand Clinic in Weston was flooded.

I leoding or not, schaol must 20 on




‘Willim Fotash 10, paddias with his friends in the Vista Filare neignoormood Inwestarn Davie, wsing a canos
T NANIEATE The STReeTs atrer several days of rain fnnded the development, fune 7, 7007, The ks akn
provegled residents a ride in the canse to et to thaie homies, while other residents wandarod the flooded
streets to try and fiure out what the ity plans to do tohelo, CHARLES TRAINOR JR -

cEraincr @aamiberald com

take a stroll on a kayak n the Danla Beach flooedwater

A car appearaed ta be stuck inthe Roodwater on Dwkes Road in Davie




Sawgrass Mills
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Current Map to Modeled

1990-1999

for most contours

* Better define influence of
wellfields

* Agreement with design
elevations

 Match the overall break points




CCSM Results- Future Wet Season Averages
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CCSM Results- Difference Against Base




HadCM3 Results- Future Wet Season Averages
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HadCM3 Results- Difference Against Base
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Legend

—— shwmd_c=nals

CCSM Vs. HadCM3 S

L L [

« Same NRC 3 Sea level increases

» Different precipitation models
» CCSM: 53.4 infyr to 58.2 infyr = +9.1%

» HadCM3: 54.9 infyr to 50.7 in/yr = -
7.6%

» Max difference of 0.918 ft in certain

areas - .




Northern Cross-Sectional

Interpretation
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Central Cross-Sectional

Interpretation
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Southern Cross-Sectional

Interpretation S
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Legend

== W _canals
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* Red shows water or no storage

* Blue indicates most storage
potential




Proposed Map Vs. Current

Map

» Similar to Modeled Base case
* Minor changes in Western Broward

» More significant increases in tidally
influenced Eastern Broward
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Adoption Process

* Approval by Broward County Water Advisory Board 2
and TAC .

« Broader stakeholder outreach
» Motion to Direct County Attorney to draft item
* Final revision of Map

* Public Meeting/Stakeholder Meetings
 LUPA/Planning Council Review » Addition of future condition map series

* Motion to Set Public Hearing * Current plate used is WM 2.1 (average wet
season water levels) as noted in the antecedent
conditions criteria

« EPGMD Regulations adopted by Ord.

* Public Hearing/Commission Approval

*At each step comments may be made and updates
would have to occur to lead to final product that
would be more likely adopted by Commission



« Map of CCSM 6 month (May-Oct)
» 2060-2069 average GW conditions

* NRC 3 SLR projection
« CCSM climate model ..
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Final Map o e

Future Groundwater Elevation

Elevations in Feet NAVD 1983
]

« Map of CCSM 6 month (May-Oct)
« 2060-2069 average GW conditions

* NRC 3 SLR projection
* CCSM climate model
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History and permitting options

Must highest elevations from:

1. Current 100-yr flood map developed in 1977
* Used to determine finished floor elevations
* not used for insurance as FEMA FIRM Map

* Used historic rainfall, groundwater levels, sea level, USGS Quad maps,
elementary runoff computations, and assumption of land use build
out

2. FEMA maps reflect existing conditions and determine
insurance premiums

* Versions updated in 70’s, 80’s, 90’s, and 2014

* Next update anticipated in 2019 to reflect Coastal Restudy (include
new Costal A Zones)

3. Site specific 100-year calculation

* Based on proposed land use, 100-year rainfall, antecedent GW levels

4. 18 inches above crown of road

BROWARD COUNTY 100 YEAR FLOOD ELEVATIONS

— 100 Year Flood Contours NAVD (NGVD)
Example: €.5 (8)

Thizmap 2 for oneepbiel parpazes sy and sheuld ok be wred kot legal bounsery delsrminaions.
Eerations converted Irom NGYD i HAVD sing the FERMS approred conversian fackor far Brevesrd Gounty of 415, based on 1947 FEMA F oed Data




Broward County Board of Bid R2114367F1
County Comméssioners

. )
F t c d t 1 o 0 Bid R2114367P1
u u re o n I Io n s -yr 100-Year Flood Elevallicln Map and Associated Modeling
F I o o d M a p ::::::M ?;;j:::?i:oad Elevation Map and Associated Modeling

Bid Start Date May 26, 2017 2:30:01 PM EDT
Bid End Date Jun 28, 2017 5:00:00 PM EDT
Cuestion & Answer et

End Date Jun 14, 2017 5:00:00 PM EDT

Hid Uontact Uanea Uohen-Ebanks
Purchasing
954-357-6317

* RFP R2114367P1 issued June 2017

Contract Duration 2 years
Contract Renewal 1 annual renewal

* 5 firms submitted proposals et Nt ol

Pre-Bid Conference Jun 7, 2017 3:00:00 PM EDT
Attendance is optional
Location: Attend; at the p bmittal fi iz opti Tl||s |nfurmal|on sessmn

» Geosyntec was selected as winning bid e 2y 1 vt B o S o e sl

If you require any auxiliary aids for communication, please call 357-6066 so that

and negotiations held December 2017- e o

115 South Andrews Avenue

February 2018 e AN

Bid Comments Scope of Work: Broward County Envi ital Planning and C: i il Division = seeking a qualifed fm o
provide a 100-Year Flood Elevation Map and Associated Modaiing as ouined in the attached detailed Scope of Work. The

L] .
° A rove d b Commission M a 2 O 1 8 Dt corists e updaing e Svomrd Coury 10-year Ho Elcvtion Hop v orsraion o e St
conditions, induding sea level rise, through the and ication of the latest Yy i MIKE SHEMIKE 11

ic-hydraulic model and in with the putcomes of community stakeholder mestings.

Goal Participation: This solicitation inciudes Broward County certified County Business Enterpnises (CBE| goal of 13%. Refer
o Special Instructions and the Office of Economic and Small Business Dievelopment Requirements section for additional
mformaltion.

Questions and Answers: The County prowides a specified tims for Vendors to ask quest and seek
the leqw!ementsufﬂ'e soid:.r:nmrl All queshms or clarification inquines must be suhlwtted through BidSync by the date and nme
n the g any }. The County will respond to afl questions via Bid Sync.

Vendor MUST submit its solicitation response electronicaly and MUST confirm its submittal in order for the County to receive 3
valid response throogh BidSync. Refer fio the Purchasang Division website or contsct BidSyne for submittal instructions. & is the
‘Vendor's sole ility 0 assure its resp s and received through BidSync by the date and tme specified in
the solicitation. The County will not consider solicitation respanses received by other means. Vendols are encouraged to
submit their responses in ad\raneeoitlle due daleandtlme i in the i In the event
that the Vendor is having the through Bid Sync, immediately notify
the Purchasing Agent and then contact BidSyne for technical aﬁslstanne

n B &

B/30/2D17 5:0% PM P2



. Project Kick Off and Schedule
Development

. Initial Data Collection and Review

. Community Stakeholder Meeting Support

. Supplemental Data Collection Based on
Stakeholder Meetings

. Development of ArcGIS Tool- MODFLOW to
MIKE SHE/MIKE 11

. tldeate Current Conditions MIKE SHE/MIKE

. Develop Future Conditions MIKE SHE/MIKE
11 Inputs

8. Future Model Execution and Results
Processing

9. Develop ArcGIS Tool- Coastal A Zone
Integration

10.Develop ArcGlIS Tool- Generate 100-yr
Contour Map

11.CRS Evaluation and Recommendations

12.Presentations of Results to County and
Stakeholders

13.Prepare and Submit Draft Summary Report
14.Prepare and Submit Final Summary Report
15.Project Management



3) Community Stakeholder Meeting Support

 Similar to FEMA process

* Engage community before modeling is
started to gain input

* Proposed map development
* Community specific considerations

e Obtain relevant data from stakeholders

* Give opportunity to revise methodology
and gather other valuable
information/data for inclusion

* In the end, community buy in needed
for formal adoption of new map




2 & 4) Data Collection

LiDAR data
* Jurisdictional Data

* Soils / Hydrogeology / Aquifer Characteristics
e Current Land Use / Future Land Use

* FEMA Coastal Modeling

* Gauge and Tidal Data

 Rainfall and Calibration Storm

* Reference Climate Documentation

e Sedimentation Data

Municipality Stormwater Plan and Model
Acquisition

Planned Major Infrastructure Projects
SFWMD ERPs, As-built plans, etc.
SFWMD Future Water Control Projects
Field Reconnaissance

Field Survey - Structures, Cross-sections,
Sediments



6) Update current conditions

U]pdate with new information gather as part
of:

* Task 2 initial data collection
* Task 3 community stakeholder meetings

* Task 4 supplemental data collection and field
survey

May include updates to drainage system,
control structures, cross section updates,
and validation to recent storms

Reduce grid size from 500’

Land use refinement

Storage representation/ponded drainage
Hydrologic parameters update

Possible conversion of MIKE 11 to MIKE

Hydro



7) Future Conditions it [l

e Develop Rainfall Data Set (options to be evaluated
* Use NOAA Atlas 14 data - I'— = A AR S| =
 Use statistically downscaled localized constructed analogs ||, ' (""" ° " £
(LOCA] T =
« Dynamically downscaled data from COAPS L2 1'_ & |_ | |
* Dynamically downscaled data from CORDEX , || | | _.
* Probabilistic approach “I" B — il e 14
* Use two future SLR data sets based on Compact e T T e e +
recommendations B sem TEESE mrammse
* 2060-2069 for Map o e o i ) s
* Year 2100 for CRS credits ;_ | mere o =
* Future average GW levels from BC MODFLOW models -“" - : = P d
* Other considerations
* Future Land Use _,‘ il
* Future Structure Operations o =T
* Planned Infrastructure Improvements e 38, G 30 W e e



8) Future Model Execution and Results Processing

* Storm events for 10, 25, 50, 100,
and 500 year storms events

e Future Conditions Simulation for
2060-2069

e Future Condition Simulation for
2100

e Contour maps of:
* Max depth of overland flow




5,9, & 10) Tools Development- Future Updates

Tools will be developed to help streamline
updates to future iterations of 100-yr
Flood Map

1. Update MIKE SHE model with new
antecedent GW levels from MODFLOW

2. Update MIKE SHE with updates from
FEMA Coastal Restudy

3. Automate process of contour line
generation of final outputs




11) CRS Evaluation and
Recommendations

e Evaluate current CRS credits for Broward
County and applicable municipalities

e Evaluate credit opportunities

* Prepare potential CRS credit National Flood Insurance Program
recommendations Community Rating System

A Local Official’s Guide to
Saving Lives

Preventing Property Damage

Reducing st of Flood Insurance

........



13 & 14 ) Final Presentation and Report

* Presentations for stakeholders and County
* Prepare draft for review

* Publish final report

e Details of project
* QA/QC element




Adoption Process

* Review by Broward County Water Advisory Board and its Technical Advisory
Committee

* Public Meetings/ Broad Stakeholder Outreach
* Digital Map available online for Public |
* LPA/Planning Council Review

* Motion to Set Public Hearing

* Public Hearing/Commission Approval




Questions?



What can we do today?

FLUX ZONE CONCEPT

What do we have to include to meet today'’s criteria?
Today’s Calculations - water quality (exfiltration trench) and quantity (drainage wells)

What is the life expectancy of the project?

Assumptions for probable conditions over the life cycle of the project
= Pragmatic — direct application of SLR projections (i.e. assume water table rises 2 feet)
= Precise — use tools currently under development (SLR future conditions surface and ground water modeling)

What do we have to change to meet expected conditions over the life of the project?

Tomorrow’s Calculations - water quality (exfiltration trench) and quantity (drainage wells)
= Pragmatic — designed for maximum practical time period; or
= Resilient — designed for probable conditions at predetermined end of project life.



Exfiltration Trench

Regular Formula

B FS[(%WQ)(Vyq) + Vaaal
N K(H,W + 2H,D,, — Dz + 2H,D.) + (1.39 x 10-H)WD,

L

Conservative Formula
(Required when Ds > Du, a likely condition in a SLR scenario)

: FS[(%WQ)(Vuq) + Vadd]

T K(ZH,Dy—D 2+ 2 H,D,) + (1.39 x 10-HWD,

TYPICAL EXFILTRATION TRENCH

unsaturated

trench

select backfill
=L

coarse rock

12 inches

Gnches

MnITHmM PP EN
12 inches perforated
PN pipe dlamester
12 inches

s e pipe bed

4

trench width
W




Drainage Wells

Underground Injection Control (UIC)
= Protects Florida's underground sources of drinking water (USDW)

= USDW = aquifer with a total dissolved solids concentration of less
than 10,000 milligrams per liter.

>13,000 Class V wells in Florida
= Class V Group 6 = drainage wells
= =680 in Broward
= Typically allowed east of US1 (exceeds 10,000 mg/L TDS)
= Discharge capacity ranges from <100 up to 1000 GPM/ft-head
= Typical conservative estimate: 250 GPM/ft-head

Broward County Stormwater Drainage Well
N (Class.V) Lucﬁt@r’ié [ ) 5
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Surface Water Management
Design Example 1



Surface Water Management
Design Example 1
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Surface Water Management
Design Example 1
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Surface Water Management

Design Example 1

Permitted Conditions SLR Scenario
WSWT: 1.5 NAVD WSWT: 3.5 NAVD
WATER QUALITY VOLUME WATER QUALITY VOLUME
Required: 0.08 acre-feet Required: 0.08 acre-feet

Provided
0.08 acre-feet
By 70 LF exfiltration trench

Provided
0.05 acre-feet

By 70 LF exfiltration trench

100-YR, 3-DAY PRE-POST MAX 100-YR, 3-DAY PRE-POST MAX
Required: 9.38' NAVD Required: 9.38' NAVD

Provided
9.38' NAVD

Provided
9.65’ NAVD

By 1 gravity drainage well By 1 gravity drainage well




Surface Water Management
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SLR impacts to drainage system

Exfiltration trench lost 37.5% of capacity Drainage well lost 34% of discharge capacity

= reduced pressure head on well

= at 342 GPM/foot head
= Peak discharge reduced from 2011 GPM (4.48
CFS) to 1327 GPM (1.52 CFS)

reduced pressure head

reduced unsaturated depth

reduced void space

changes required use of conservative formula
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SLR Scenario SLR Adjusted Design
WSWT: 3.5 NAVD WSWT: 3.5’ NAVD
WATER QUALITY VOLUME WATER QUALITY VOLUME
Required: 0.08 acre-feet Required: 0.08 acre-feet

Provided
0.05 acre-feet
By 70 LF exfiltration trench

Provided
0.08 acre-feet

By 110 LF exfiltration trench 40 LF additional exdfiltration trench

100-YR, 3-DAY PRE-POST MAX 100-YR, 3-DAY PRE-POST MAX
Required: 9.38" NAVD Required: 9.38' NAVD

Provided ’ Provided
9.65’ NAVD 9.38' NAVD

By 1 gravity drainage well

By 1 pumped drainage well Added pump to drainage well
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Changes

1. 40 LF additional exfiltration trench

= Add now or retrofit
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2. Pump on drainage well

= Add now or retrofit
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Permitted Condition: Gravity Well SLR Scenario: Change to Pumped Well
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Stem Wall Example
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Permitted Conditions SLR Scenario
WSWT: 0.5 NAVD WSWT: 2.5 NAVD
WATER QUALITY VOLUME WATER QUALITY VOLUME
Required: 0.05 acre-feet Required: 0.05 acre-feet

Provided
0.05 acre-feet
By 871 ft2 dry retention

Provided
0 acre-feet

By inundated dry retention

25-YR, 3-DAY CONTAINMENT 25-YR, 3-DAY CONTAINMENT
Required: 2.55’ NAVD perimeter Required: 3.82' NAVD perimeter

Provided
2.75"NAVD perimeter berm

Provided
Overtopped perimeter berm
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SLR impacts to drainage system

= Dry retention area completely inundated

(elevations to the right are in NGVD)

= All soil storage capacity lost

= Perimeter berm no longer contains 25-yr,

3-day

= Offsite discharge though orifice becomes

negligible due to submergence by higher
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SLR Scenario SLR Adjusted Design
WSWT: 2.5 NAVD WSWT: 2.5’ NAVD
WATER QUALITY VOLUME WATER QUALITY VOLUME
Required: 0.05 acre-feet Required: 0.05 acre-feet

Provided
0 acre-feet
By inundated dry retention

Provided
0.05 acre-feet

By 85 LF exfiltration trench 85 LF exdfiltration trench

25-YR, 3-DAY CONTAINMENT 25-YR, 3-DAY CONTAINMENT

Required: 3.82"NAVD perimeter Required: 3.14’ NAVD perimeter berm

Provided
3.14' NAVD perimeter berm Raise berm and orifice

Provided
Overtopped perimeter berm
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1.

Changes

Portions of the retention area
converted to 85 LF exfiltration trench.

Raise orifice 2 feet to match the
higher water table

Raise the perimeter berm 5 inches to
bring the 25-yr, 3-day into
compliance.
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Permitted Conditions
WSWT: 2.5’ NAVD
WATER QUALITY VOLUME

Required: 0.16 acre-feet

Provided
0.43 acre-feet

By 357 LF exfiltration trench

100-YR, 3-DAY PRE-POST MAX

Required: 10.05"NAVD

Provided
10.05' NAVD

By exfiltration trench and
surface storage

PARKING LOT (5-YR, 1-HR)
Required: 6.95’ NAVD

Provided
7.0' NAVD lowest inlet

SLR Scenario

WSWT: 4.5’ NAVD
WATER QUALITY VOLUME

Required: 0.16 acre-feet

Provided
0.18 acre-feet
By 357 LF exfiltration trench

100-YR, 3-DAY PRE-POST MAX

Required: 10.05"NAVD

Provided
12.45’ NAVD Pre-post 100-yr not met.
By exfiltration trench Building at 12.5" on stem walls

PARKING LOT (5-YR, 1-HR)
Required: 9.05’ NAVD

Provided : Parking lot flooded
7.0’ NAVD lowest inlet
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SLR impacts to drainage system

= Exfiltration trench lost 58% of capacity

= reduced pressure head

= reduced unsaturated depth

= reduced void space

= changes required use of conservative formula

= Parking lot and other areas of the site inundated

= Failure to meet pre vs post 100-yr, 3-day indicates potential for the site to cause offsite flooding
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SLR Scenario
WSWT: 4.5’ NAVD
WATER QUALITY VOLUME

Required: 0.16 acre-feet

Provided
0.18 acre-feet
By 357 LF exfiltration trench

100-YR, 3-DAY PRE-POST MAX

Required: 10.05"NAVD

Provided
12.45' NAVD

By exfiltration trench

PARKING LOT (5-YR, 1-HR)
Required: 9.05' NAVD

Provided
7.0 NAVD lowest inlet

SLR Adjusted Design

WSWT: 4.5’ NAVD
WATER QUALITY VOLUME

Required: 0.16 acre-feet

Provided
0.18 acre-feet
By 357 LF exfiltration trench

100-YR, 3-DAY PRE-POST MAX

Required: 10.05"NAVD

Provided

9.76’ NAVD
Add drainage well

By drainage well

PARKING LOT (5-YR, 1-HR)
Required: 8.22' NAVD

Provided Raise parking lot and offset
9.0’ NAVD lowest inlet impacts with drainage well



Analysis

Building floor elevation initially set

higher using stem walls to comply
with SLR scenario

Exfiltration trench overdesigned to
continue to provide H20 quality
under SLR scenario
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Analysis

Use of stem walls allows:

* areas around the building to be built low to provide surface
storage in initial condition

* areas around the building to be raised in SLR scenario to
counter the effects of inundation onsite

« Salt water intrusion associated with SLR may allow a
drainage well to be used as far west as |-95

 Add drainage well when necessary

« Offsets impacts of raising the parking lot 2’ at SLR
conditions even assuming conservative 250 GPM/ft-head
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