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Miami-Dade County Flooding Risks
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Utility Challenges

Shocks - sudden events

 Hurricanes & natural disasters

Infrastructure failure/service disruptions

Flooding events (King Tides/Storms)

Malevolent Acts — Attacks, Cybersecurity

Stresses - weaken the fabric of a system on a longer
term basis

« Aging infrastructure

« Rising sea and groundwater levels — flooding, salt water infrusion

* Limited financial resources

« Changes in precipitation - increase in Inflow & Infiltration, flooding

* Increasing levels of nutrient and other pathogens in natural systems

« Population and development pressures
« Regulatory requirements
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Building Blocks of Utility Resilience

1989
1992
2006
2008
2010
2010
2012
2014

Biogas from wastewater treatment used 1o generate energy

4 weeks w/out power after Hurr. Andrew — shift in supply and design practices
High Level Disinfection Project — critical assets raised and flood resistant gens
Began reporting Green House Gas (GHG) Emissions

Sustainability Strategies in County GreenPrint and Electricity Plans

Unified Southeast Florida Sea Level Rise Projection — WASD was contributor
Landfill methane sequestration and pipeline to plant to generate energy

WASD/USGS - integrated surface water/groundwater numerical flow model



Unified Sea Level Rise Projections
Southeast Florida Regional Climate Change Compact
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Unified Sea Level Rise Projection
(Southeast Florida Regional Climate Change Compact, 2015)
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Figure 1: Unified Sea Level Rise Projection. These projections are referenced to mean sea level at the Key West tide gauge. The projection
includes three global curves adapted for regional application: the median of the IPCC AR5 RCP8.5 scenario as the lowest boundary (blue dashed
curve), the USACE High curve as the upper boundary for the short term for use until 2060 (solid blue line), and the NOAA High curve as the
uppermost boundary for medium and long term use (orange solid curve). The incorporated table lists the projection values at years 2030, 2060
and 2100. The USACE Intermediate or NOAA Intermediate Low curve is displayed on the figure for reference (green dashed curve). This scenario
would require significant reductions in greenhouse gas emissions in order to be plausible and does not reflect current emissions trends.
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Mean Sea Level Trend
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interval of +/- 0.15 mm/yr based on monthly mean sea level data from ~0.9 m/d ecade
1913 to 2018 which is equivalent to a change of 0.79 feet in 100 years.



feet relative to published MSL at Key West

1.2

0.8

0.6

0.4

0.2

Observed Sea Level at Key West Tide Gauge (1992-2017)

um!o (uw 20 r2013 2016 2019 2022 2025 2028

e [\/|SL IPCC AR5 Median(0.73m) ==@=USACE High (1.5m) NOAA High(2m)

Sea level rise
expected by 2030:

|0inches



Completed Project Examples
— project by project basis

new chlorine building

old chlorine building

new design elevation




Driver for Standardized Approach
- Miami-Dade County requires sea level rise be considered in
county infrastructure projects

MEMORANDUM

Agenda ltem No. 7(n)

TO: Honorable Chairwoman Rebeca Sosa
and Members, f County Commissioners

(Se:
DATE: Jun

cond Reading 9-3-14)
e 3, 2014

MEMORANDUM

Agenda Tlem No. 11(A)(17)

County Attorme;

¥

0: Honorable Chairwoman Rebeca Sosa DATE:
and Members, Board of County Commissioncrs

SUBJECT: R wl

May 6,2014

during all project phases

Resolution No. R-451-14

pp:unl and placed on the agenda at the request of Prime

Gost, and Co-Sponsors Commissioner Sall

A. Heyman and

“It is the policy of Miami-Dade County that all County infrastructure
projects, including but not limited to County building elevation projects,

County installation of mechanical and electrical systems, County

infrastructure modifications, and County infrastructure renovations, initiated
from the effective date of this resolution shall consider sea level rise
projections and potential impacts as best estimated at the time of the
project, using the regionally consistent unified sea level rise
projections, during all project phases including but not limited to
planning, design, and construction, in order to ensure that
infrastructure projects will function properly for fifty (50) years or

the design life of the project, whichever is greater.”



Driver for Standardized Approach

- Capital Improvement Program

Significant redesign of plants and system to meet

legislative regulatory requirements
Multi-year Budget Breakdown

ObjeCtives $[VALUE]

Billion Ocean $1.4 Billion
Outfall Consent

Ensure regulatory compliance & eliminate Legislation Decree
moratoriums

$168 Million
Pump Station
Improvement

Address aging infrastructure s & Resilience

Program

Build system-wide capacity for development &
grOWth $3.1 Billion

WASD
Managed

Foster and encourage economic growth Bl
& community investments

Build system resiliency



Ocean Outtall Legislation (OOL) Program

* Florida Statutes Title CS/SB 444 Section
403.086 Requirements:

* Wastewater utilities in southeast Florida
must move away from using ocean outfalls
to dispose of treated wastewater

* Reduce the use of outfalls by 2025

o Nutrient Reduction
Reduce cumulative Reuse 60% of the
nutrient discharges wastewater flows
by 2025 by 2025

60 Percent Reuse

e Outfall Dischérge
Peak flow disposal
backup

Injection
Well

200 -

400 -

600 -|

800 -
1000 -
1200 -
1400 -|
1600 -
1800 -
2000 -
2200 -
2400 -
2600 -
2800 -|
3000 -
3200 -




Relationship of Modeling Tasks:

Storm Surge with Future SLR and Rainfall, Wave Effects

Key Variables:
* Wind driven storm surge: '
o 100-yr and 25-yr storms &

 Sea Level Rise (SLR): e ".=if5;;;'

Surge: 25-yr and
100-year

Rainfall:
25- and
100-yr

e

o 1.5 ft (2040), 3.1 and 4.0 ft (2075) ¢ AN o
« Coastal Storm Surge Modeling with SLR: < 1Rt —
o MIKE 21 used for scenarios of storm P i
surge and SLR e Mean sea level
o Impacts of coastal bathymetry on storm SLR: 1.5,3.1
surge and SLR and 4.0 ft NOAAIThe COMET Program

* Inland Inundation modeling:
o Flood Modeler Pro for scenarios of propagation of SLR, Surge, and Rainfall inland

« Wave effects modeling:
o WHAFIS for wave crest analysis at shoreline and propagation inland



Plant Locations and Inundated Area

.

-~ North District WWTP ] ~: _ Central District WWTP

Inundation Zone

South District WWTP ,




Faclility hardening elevation design guidelines
for existing and new WWTP assets

Design Guide for Hardening Wastewater

NEW WWTP Facility Assets Testmen Facitios gum s
ing

from Surge, Sea Level Rise, and
Extreme Rainfa|

EXISTING WWTP Facility Assets

ft . ft :
Basis NGVD29 Basis

NGVD29
ami-Dade Water and Sewer Dep:;;:,: r';
FEMABFE +3tSLR 209 2075 Surge + 4.0 ft SLR + FB
160 from +21°(100-yr, 72-hr rainfall) =
SEFLCC(2011) +FB +SF yh
FEMABFE +3tSLR 188 5075 Surge + 4.0 ft SLR + FB e
16.0 from +217(100-yr, 72-hr rainfall)
SEFLCC(2011) +FB +SF o
Same as CDWWTP 18.2 2075 Surge + 4.0 ft SLR + FB A B
NBRIALE)  16.0 and SDWWTP +217(100-yr, 72-hr rainfall) o
FB= Freeboard = 2.0 ft per ASCE Standard 24-05/2010 FBC Category IV

SF= Safety Factor = 1.0 ft per 2014 MWH study at CDWWTP
SLR = 4.0 ft per NOAA High projection for 2075 (USACE High projection is 0.93m)




Percent of Assets

Plant No. 1 Plant No. 2
[ Oxygenation Basin 17 4 173 Oxygen Tanks [f}
Below Flood Bt ts 185 — 5,0 150 SucnSergoBkng 3

Design Elevation

3 Dgester Building 163 ‘ 148 Pump Station Kl
Bl Acraton Buildng 154 ) 145  Final Setting Tanks [l
Kl Final Settting Tanks 14 5 \ ~—— 135  Chionne Buiding [EJ
Bl Sludge Storage Building 14 5 1300 — i 134 Oxygen Plants [E} 300
I} Studge Dewaterng Building 14 3 120 Headworks [
Mainlenance Bullding 140 ‘H 65  Sludge Drying Beds
Kl EMuent Pump Staion 139 —— Plant | Plant || 3.0/ 17.0 Digestor Bulding Lowes Lewt Usses Lovet [

57% at NDWWTP B w05 1 — 2

Kl Switchgear Building 135 —

87% at CDWWTP e

Bl OxygenPlants 134 — | 200

72% at SDWWTP Wbl |

3 Swdge Concentrators 137 ||| ==
N Generators 125 1 | 450
Scrubber Building 115 i A
B GrtBuldng 114
Kl Administration Buildng 11 0 il
K} Septage Building 104
[} RAS Pum Stabon (Lowes Level Upper Levet) -3 8/ 148

New Facilities
203

200

Al Existing Facilities

160

160

100

Central District Wastewater
Treatment Plant

WASD Priority Order:
Bl Porsonnel Protection and Hydraulic Capacity Maintained

B Prmary Treatment Liquid Processes =09
Bl Secondary Treatment Liquid Processes

3 Solids Treatment Processes

* All elevations are in 1929 NGVD



Adaptation Strategies and Protective Measures

Adaptation Strategy Resiliency/Effectiveness Cost

P d 0

Elevate Equipment

on pads or platforms, to a higher
floor, to the roof, or to a new
elevated building.

$$88

site-specific protective measures

Flood-Proof Equipment

by replacing pumps with submersible
pumps and installing watertight boxes
around electrical equipment.

minimize prolonged service
Interruption and flood risk

Install Static Barrier
across critical flood pathways or wediun,
around critical areas.

balancing feasibility, resiliency, and
cost

Seal Building

with water-tight doors and windows, A

elevating vents and secondary ~ wedium

entrances for access during a flood P

event. & % $S
~ L =

Elevating equipment is not the only
option

Sandbag Temporarily
around doorways, vents, and windows wedium,
before a surge event.

Install Backup Power Does not protect equipment but
via generators nearby or a plug for a Jaciltates rapid service recovery.
portable generator.

Source:
NYCDEP

1y




OOL Program Key Challenges

CONSENT —— ‘

DECREE OCEAN ° Coordination Between

grogpﬂijgt 8};&1&&'@% Design Consultants and
Elemenis $3 Billion Contractors

o

.6 Billion
Coordination Between

Programs

20



Sou’rh District Was’rewo’rer Trec’rmen’r Plant

gp'—m kc‘ S — *" 1 g }Z;.-emgmm ST-1B  Stepfeed and
; S w14 , T T« S o . :- Rehab

brr srm -

“:l*!\ - y
NEADWDRCY BAR SCREEN READ

ST-1C Filter Backwash

T ‘ ST-2A  Headworks, 02
g g : trains and SCs

o
‘— 0, m\a ECTRICALBum!\ ST-18 X

4——o—+ . ST-2B  HLD

ST-2C CCTs and IW PS

ST-2D  Electrical
Distribution Bldg

SE-2  Injection Wells

CHLORINATION BULDING

| I DIGESTER TANKS )
— !
S —t P

D ~ TERTMARY FLTERS

A | bl Flows Existing Proposed
L [ Avg (mgd) 112.5 131

Peak (mgd) 285 329
1
Flows Existing New
e Elevation 16.0 18.8

Deatation Projects Construction Cost Estimate of $350M




Process-Specific Approach to Implement

Hardening Criteria

Define Level of Service Priority

Risk-based framework

1. Personnel protection

2. Recovery after storm event

3. Hydraulic capacity maintained

4. Primary treatment liquid processes

5. Secondary treatment liquid
processes

6. Tertiary treatment liquid processes

7. Solids treatment processes

Define Actual and design Elevations and Define Complexity

Define Hardening Approach and

Group by Tier Level

entral Disf
nt Pla

New Facilities
A

Existing Facilties

Alternatives

Elevate Equipment

On pads or platforms, =g

to a higher floor, to the h‘g $888
r00f, or to a new g 4

elevated building.

Flood-Proof Equipment

b~ @ By replacing pumps with Medim,
submersible pumps and 2 5 $SS
installing watertight ¥ >

boxes around electrical

equipment.

Install Static Barrier

Across critical flood
pathways or around m $sS
critical areas. o

Sandbag Temporarily

Around doorways, vents,

and windows before a m s
surge event. I e, )

Does ot protect

Figure 4. Facillty Hardening Approaches. (Source: NYCDEP, 2013)




INTERPRETING HARDENING DESIGN GUIDELINES
— Secondary Clarifiers 11 & 12

?525‘\ =
Alternative 1: “Do Nothing” Match to existing clarifiers L, 3 H

44

45

Alternative 2: Match structural wall elevations, but raise L
lectrical ts drivi Iarifi Turns clarifier interior
| or electrical components driving clarifier into a classified space
mechanisms ~ $26k

increasing equipment
Alternative 3: Raise top of wall elevation to 19’ to protect cost ~ 51M
interior from flooding

x I_19_0
. 16.5 I 16.5 I
r————
13.71 I 13.71 I
- v A —7
EXT. GRADE - !
EL. +/- 12.0 v I

Existing Clarifiers Alternative 3



INTERPRETING HARDENING DESIGN

GUIDELINES - Effluent PS

Alternative 1: “Do Nothing” match
existing PS

Rl o) o ]

Alternative 2:Hardening Design — 19
ft-NGVD finished floor elevation (FFE)

This is 5 ft higher than existing
Effluent Pump Station FFE

Existing EPS2

Alternative 3: Prioritized keeping all

Adding stairs and platforms to =
access equipment rather than
FFE at 19’ -

) Cceptual design of effluent pump station



P — . —
FLUEMING WATER P35 §CT-2A1

(a5 14

021 -12/04

CDWWTP Frar
OOL Projects |l s

% it
ELECTRICAL BUILDING FUEL STORAGE

CE-1 IW Pump Station : B " L e ey ~ :

CE-2 Injection Wells
CT-3A Headworks
CT-3B 02 Train and SC

CT-3C Electrical Distribution
Bldg

CT-3D  Oxygen Production

At ('

CT-2 HLD System G o
Avg (mgd) 143 143 2
Peak (mgd) ~286 368

Flows Existing New
Elevation 16.0 20.9

Construction Cost
Estimate of S630M

¢ Ocean Outfall

', f —_‘ '
| Legislation Projects
— . 0&/21 - 01725

e — .
e ————cs
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Process-Specific Approach to Implement
Hardening Criteria

Define Level of Service Priority

Risk-based framework Define Actual and design Elevations and Define Complexity

1. Personnel protection

Define Hardening Approach and Alternatives

2. Recovery after storm event Group by Tier Level

3. Hydraulic capacity
maintained

Validation and Documentation

4. Primary treatment liquid
processes

Conceptual Functional

5. Secondary treatment liquid I\ Analysis
processes P Impact to Operations &
6. Tertiary treatment liquid e i Maintenance

processes Cost Impact

Meet with WASD and OOL PM
for alignment

7. Solids treatment processes

e Document Approach to
Continue Design




CRIPTION AMD PRIORITY OF MITIGATION

TN SO TR Clarifier 11 and 12 out of a tatal of 12 clarifiers.

Validation and

Elevation
of Ezisting LA

[
Assets
e 1.1t per SOWWTF Hardening Guidelines

Yulnerahble
of Flood Qi
[TIN&
Yulnerable
of Wind RES
[TIN&
Baseline
[do Mo special consideration for hardeining. Do not raise walls or mechanism.
nothing]
Ezisting
CEECT I W alls and mechanizm existing at 16.5 fr.
Hardening

Ces

Replaceme Only includes
nt Cost & 10,000,000 replacement of
HNote equipment.
Ir;paf:? el [f caze of claifiers Failure, wastewater liquid process treatment will nok oceur. Likely A t & I D Alt t E I t D . e
act !t! consequence is damage ta the clarifier mechanisms, which in a worst case event would sse ernatives valuate ecision
PPEI::IDI'IS require replacement and structural repairs. The clarifier concrete structure is unlikely to Pr|0r|t|es Measu res DOCU mentatlon
":;::ilufesﬂ require replacement, but the cannections ta the mechanizms could be damaged. ¢ Increased Cost of
e Asset Description Hardening e Evaluation Criteria  Workshop with
4. Priority of Mitigation o Vulnerability and Weight WASD
GULTIC RS MEDILR e Consequences e Total Score * Technical Memo
e Priority of
Friorities Level 5;:;:::: M itigation
Persannel Pratection [e.g. assetifacility is staffed
. HIGH
during storm event]
S Critical Element for Staff Onsite [2. 9. emergency HIGH
Definitions SE s
Hudraulic capacity maintained MECILIM
Preliminars!Primary treatment liquid processes MECILIM "
Secondary treatment liquid processes MEDILIM
Tertiary treatment liquid processes L
Saolids treatment processes L




Electrical Substation 25 & 26 — Hardening Example

Alternative 1: “Do Nothing”
Alternative 2: Raise Building
= Building raised to provide equipment above 20.9’

= Fenced off area below building. Cannot be used for
storage or parking because under electrical
equipment.

Alternative 3: Harden Building

= Harden building with sealed doors and/or flood doors

- = Keep electrical equipment at ground elevation

:
] | g ) :E

} . ' O

I ' — | I
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North East Vlew

Alternative 1: “Do Nothing”

RAS Pump Stations — Hardening Example

H——-—-—M —0" t———

q:kk Monorail Hoist

14-0"

Control Room

49'-0" %
25'-6" &

—

Influent \ New Settling
Channel Tank

R

—

\_ \— 18" Suction
Valve (Typ.)

I
| Intake

Alternative 2: Spare Motors

Pumps must be at low elevation because pumping from bottom of clarifier

Grit pumps at lower elevation. Will flood. Can provide spare motors in storage area designated in building.

Alternative 3: Raise Motors

Add extended shaft to raise motor above 20.9’
Would require 3 story building with higher monorail hoist to pull pumps and shaft out of building

L




Key Takeaways
- Operationalizing Flood Resilience

« Requires leadership and supporting policy
« Engage all stakeholders thru alternative selection
* Qualitative and quantitative metrics have value

« Consider phased adaptation and operational
alternatives

; . Consider O&M and labor impact

 Document decision-making process and
cost/benefit component

 Include process in planning and design contracts

Employing tools that capture the knowledge and
- expertise of your utility allows for solid decision making
e . and responsible investment in the face of uncertainty




Thank you!

Debbie Griner, ENV SP Enrique Vadiveloo, PE, ENV SP
Resilience Manager Senior Associate
Miami-Dade Water & Sewer Hazen & Sawyer
debbie.griner@miamidade.gov evadiveloo@hazenandsawyer.cc
786-552-8781
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