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mill Wastewater Treatment Fe

ility Vulnerabili

WWTFs and pump stations
are built in low lying areas

" |nfrastructure Is subject to
coastal and riverine inundation

= Structures, wet wells, open
tanks, equipment, and staff
are vulnerable

= Qverflows discharge into
adjacent surface waters




= RIDEM'’s Statewide Approach to Resiliency

WOODARD

sl Planning for Wastewater Infrastructure

" Major modifications to WWTFs require long term planning

" Benefit to collaborative partnership among state
agencies and local communities

" Improving WWTF reliability under changing climate
conditions requires implementation at the local level

" Resulting Scope had state-wide and local components:

> Statewide assessment of 19 WWTFs and major
collection components

> ldentify vulnerabilities
> ldentify short-term and long-term adaptive strategies
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The Warren WWTF planned improvements
offered an opportunity to implement RIDEM’s
climate resiliency planning study

" The upgrade was 30% designed when the RIDEM
WWTF climate resiliency study began

" The RIDEM study findings informed design
modifications that incorporated climate resiliency
Into the planned improvements

" The Warren project drove the development of

RIDEM'’s state-wide guidance for WWTFs to
address climate change in planning and design




I Preliminary Assessment of Climate Change

Sl nacts to Rhode Island WWTFs

2. Statewide Modeling Applications

- US Army Corps NACCS
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Rhode Island Wastewater Collection and Treatment Infrastructure
Emergency Management and Climate Change Study Information

Retum by February 20, 2015

JOSE DASILVA
| 2538877

Bl WWTF 38 | 28 I feeel wiodle
2 Piant Sirsat 2015
| RBC Rerle:
B &) (24058 I |
|
| 58 Fe
I A
M - -
1 G -
1 CQUESTICHS
|84 f. Attachad is a lising of reported nan-stancisrd events from 2005 1a prasent hal hawve occurred al your faciily o
oolicion system
i = Please idenlify lhose evenls thal wers caused or compicaied by a natural evenl—foading, freazig,
shorm suege, excessive hedt, elc—and include sny additional informasion that waukd be helpiul o
56 5 xplain the chalerges you faced
&7 »  Also, please note (hose events thal you feel could reacour under condiians related to natual hazards.
| »  Then please add other events hat cecurmed in hat ime at your WPGF, pumping ststions, o 505
ale where thens was direc| damage or e threal of damage fram nabural events. Please prowids 85 much
Gstail a5 possible. This can inchide an anproximaba costs | repair F1e damsage of alhee nfmalion
T2
73 2 Ahows B & ksng of wastEwEtEr pUmping stations that the stale and DEN have on fikein our GIS datsbase. Asa, & GIS
map of these stasans can ke found Piease review and make eny additons comections se that we may updats ow
1014 secords or s progect and fee afkris
9
81

]

s your Facilly cr pureping shalion heve uncergeund hl srege tarks ek are subjol 1o fooding?

L hnumn e OPCH, sty s, ur O 40 o TR 1 b Fooion 2 SocAN T
chsiacls? F

e affeehed and by whet sbetacle? § rainalied, plaase pssma (f you cas)
lsl m:\ s Gassed such proliems,

hiow much rain for how fast
i amy parts of the facifly or pamping stabions Frofecied by 3 berm of e Means B prevent Nacwstsrs iom ensrng?

consirants ere you aware of hat have been {or mey be) warsened by naturel evenls, 5ush ot incrnased
Ll

Fiaue @y SiE nillgation geujests Leen done at your feoity ar pum stations? (1. roof replacement, s
indwsdoors, mving elecirical ausment tn hgher losalions, wic | is response b the March 2019 foods o ciher
e H 50, plese suminiize

Hiow woouid you i 10 ingrown Ssandby power capabilies ai your plant or stations?

D you P Bcosss o spars puimps, generstors, of olher supper Bom oiher wiltiss for use in an smemensy? Hav you
i 1o acquive and use sech quipment i the pas?

¥ihat ere some other major ssues et pour facly is facing or has faoed in e pest? n afher words, whi worties: you
1o st bout antaFing e crigoing ADaIES a1 LT PaTE? st civer infomtion hat you e 5 panant 0 sharm

Facilit Location on
e FEMAFIR

East Providence WWTF

Warren United Water

Cranston WPCF

Quonset Development Corporation

Bristol WWTF

East Greenwich WWTF
West Warwick Regional WWTF
NBC Bucklin Point WWTF

NBC Fields Point WWTF

Newport WWTF

Warwick Sewer Authority

Westerly United Water

Jamestown Sewer Division

Narragansett WWTF

South Kingstown Regional WWTF

Woonsocket WWTF
Burrillville WWTF
New Shoreham Sewer Division

Smithfield Veolia Water

Within V Zone

Within V Zone

Within A Zone

Within V Zone

Within X Zone

Within A Zone

Within A Zone

Within X Zone

Within X Zone

Within X Zone

Within X Zone

Within X Zone

Within X Zone

Within V Zone

Within X Zone

Within X Zone

Within A Zone

Within X Zone

Within X Zone
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More than 3 since 2009

2-3 since 2009

2-3 since 2009

1 or less since 2009

2-3 since 2009

1 or less since 2009

1 or less since 2009

1 or less since 2009

1 or less since 2009

More than 3 since 2009

1 or less since 2009

2-3 since 2009

2-3 since 2009

2-3 since 2009

2-3 since 2009

1 or less since 2009

1 or less since 2009

1 or less since 2009

1 or less since 2009
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1

2

ocumented losses a
costs since 2009

Major Repairs

None

Major Repairs

None

Major Repairs

None

Major Repairs

None

None

None

Major Repairs

Major Repairs

Miscellaneous Expenses

None

None

Major Repairs

None

None

None

Greater than 50% system capacity loss under
5-ft scenario

Greater than 50% system capacity loss under
5-ft scenario

Between 10% and 50% system capacity loss
under 5-ft scenario

Greater than 50% system capacity loss under
5-ft scenario

Between 10% and 50% system capacity loss
under 5-ft scenario

Greater than 50% system capacity loss under
5-ft scenario

Greater than 50% system capacity loss under
5-ft scenario

Greater than 50% system capacity loss under
5-ft scenario

Greater than 50% system capacity loss under
5-ft scenario

Between 10% and 50% system capacity loss
under 5-ft scenario

Between 10% and 50% system capacity loss
under 5-ft scenario

Less than 10% system capacity loss under
5-ft scenario

Less than 10% system capacity loss under
5-ft scenario

Less than 10% system capacity loss under
5-ft scenario

Between 10% and 50% system capacity loss
under 5-ft scenario

Less than 10% system capacity loss under
5-ft scenario

Less than 10% system capacity loss under
5-ft scenario

Less than 10% system capacity loss under
5-ft scenario

Less than 10% system capacity loss under
5-ft scenario

Greater than 50% system capacity loss
for 1-ft impacts

Greater than 50% system capacity loss
for 1-ft impacts

Between 10% and 50% system
capacity loss for 1-ft impacts

Greater than 50% system capacity loss
for 1-ft impacts

Between 10% and 50% system
capacity loss for 1-ft impacts

Greater than 50% system capacity loss
for 1-ft impacts

Less than 10% system capacity loss for
1-ft impacts

Greater than 50% system capacity loss
for 1-ft impacts

Greater than 50% system capacity loss
for 1-ft impacts

Between 10% and 50% system
capacity loss for 1-ft impacts

Between 10% and 50% system
capacity loss for 1-ft impacts

Between 10% and 50% system
capacity loss for 1-ft impacts

Between 10% and 50% system
capacity loss for 1-ft impacts

Less than 10% system capacity loss for
1-ft impacts

Between 10% and 50% system
capacity loss for 1-ft impacts

Less than 10% system capacity loss for
1-ft impacts
Less than 10% system capacity loss for
1-ft impacts
Less than 10% system capacity loss for
1-ft impacts

Less than 10% system capacity loss for
1-ft impacts
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il Preliminary Assessmen

= Applied University of Rhode Island
STORMTOOLS data as a broad
planning tool

" WWTF infrastructure at risk to
inundation by storm surge and SLR:

> 11 WWTFs
> 49 Pump stations

" |nundation of entire Warren WWTF
and beyond during a 100-year storm




A

y S
y ‘
WOODARD
&CURRAN

" Wave Height Analysis for Flood Insurance Studies (WHAFIS)
predictions for total water level at 8 WWTFs (19 transects)

SWEL plus wave setu
SWEL plus wave setu
—— Bottom Elevation

- No SLR ——— Significant Wave Crest Elevation - No SLR
- 5ft SLR ——Significant Wave Crest Elevation - 5ft SLR

in feet relative to NAVD88
N
(%, ]

Elevation

100 150 200 250 300

Distance along transect from Shoreline (ft)
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Hardening

" Relocation

" Readily Repairable/Replaceable
" Redundancy

" Wet Weather Bypass
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" Help communities plan and budget for climate change resiliency projects

Adaptive Strategies

Readily
System Hardening  Relocating Repairable/  Mitigation Strategy
Replaceable

Allow primary settling tanks to flood. Locate collector drives above flood
Primary Settling Tank B elevation. Store replacement drive components on site. Pumps may be
temporarily augmented.?

Electrical Switchgear and

Motor Control Centers C Relocate above flood elevation.
(Cralc?rlir:lfscglc?r?tasés'}':\rr?ks) B Locate mixer drive above flood elevation or install submersible mixer. !
Operations Building B B Allow pumps in station basement to flood. Electrical switchgear, MCCs and

SCADA equipment above flood elevation. !

! Adaptive measures planned for implementation in the near term as part of the proposed WWTF Upgrades project.
2 Adaptive measures that the Town of Warren may consider implementing at a future time.

A=<$50,000 B =$50,000 - $250,000 C =$250,000 - $1,000,000 D => $1,000,000
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" |ssued state-wide guidance to address climate
change in WWTF planning and design

" Established a cost-benefit analyses approach
to Implement adaptation measures

" |mplemented a requirement for all RIPDES
permit renewals to prepare a Climate
Resiliency Plan

A
-

&CURRAa
e D asa

55 Vilage Square Drive '
South Kingstown, RI 02879 -

asascience.com

''''''''''

Implications of
Climate Change
for Rl Wastewater
Collection &
Treatment
Infrastructure

226968.00
Rhode Island

September 2016




Warren WWTF became
the first facility in Rl to
Integrate flood protection
measures from the RIDEM
climate change study
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Influent Screening \\\(

" Upgrade Primary Settling

" Expand Secondary Reactor Capacity and New \\ E=o\
Equipment for Nitrogen Removal ‘ @ ’
S F

«

12

y—

b

® Upgrade Secondary Clarification

F%/

" Disinfection Improvements

" New Electrical Service, Generator and
Switchgear

= SCADA Upgrades
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Town wanted to make sure the $20M investment was
appropriately addressing vulnerability to flooding and
climate change

essed Design to Consider

Collaborated with RIDEM and CRMC to establish design
flood conditions for the project

>
>
>

STORMTOOLS
Federal Flood Risk Management Standard

North Atlantic Coast Comprehensive Study — 100-year flood
elevation (storm surge plus tide)

ST Wave Analysis by University of Rhode Island

Sea Level Rise Projections (2065) by National Oceanic and
Atmospheric Administration
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" Two-year study by Army Corp of Engineers to et

address coastal storm and flood risk R

" Areas in the United States' North Atlantic region s
affected by Hurricane Sandy

® Hydrodynamic model predictions for synthetic

tropical storms [
=" Model includes 1,000 grid locations in
Narragansett Bay and RI Shoreline

" One of the grid locations is approximately %2 mile
from the WWTF
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" Warren worked with RIDEM and utilized the
New England Interstate Water Pollution
Control Commission, revised TR-16 Guidance
(May 2016) to perform a cost benefit
approach to selecting adaptation measures.

on Improvemen

= Effect on Wastewater Facility Improvements
Design

> New structures - flood resilient at 1% probability
(100-year) flood with Sea Level Rise (SLR)

> Existing tanks - flood resilient at 1% flood with
SLR

> Existing buildings and galleries will flood at the
1% flood with SLR
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6. imary PS (2) - Whole Structure

" Analysis to establish that the existing facilities

Gl
23|18
8
3

were being “improved to the maximum extent
possible for flood protection” based on cost-
benefit criteria

I EEEEEEEC L L R

" Protection from Damage to Structural and
Electrical
> Base-case measures (relatively minor in cost)
> Analysis of additional structural improvements
 Buoyancy

» Hydrostatic forces

> More cost effective to repair equipment
vs. make structural improvements to keep
water out




A

y S

y
WOODARD
&CURRAN

SUBMERSIBLE

PUMPS
ABOVE FLOOD
ELEVATION
(6) NEW MIXERS
3 /TANK
AERATION
TANK
NO.2 SWITCH
GEAR
BLDG
NEW AERF;ON—/
BLOWERS IN FORMER
SWITCH GEAR [BLDG
6) NEW MIXERS GENERATOR
(3/)TANK BLOG

RAISED
COLLECTOR
DRIVES

ELEVATION

NEW SOLIDS HANDLING BUILDIN!

(1) NEW ODOR CONTROL
SYSTEM AND PAD

(1) NEW SCUM WELL

SECONDARY
SETTLING
TANK NO. 2

NEW CLARIFIER

/SECONDARY GALLERY

SECONDARY

/ ABOVE FLOOD

SETTLING
TANK NO. 1

EXISTING
PRIMARY

SETTLING
TANKS
¥s & f6

h S

PRIMARY VAL
CHAMBER NO. 2

NEW ELECTRIC SERVICE,
TRANSFORMER AND EMERGENCY
GENERATOR

GRIT
CHAMBER

REPLACE EXISTING GRINDER—/

W/NEW SCREEN AND
WASH PRESS

5 il

_——(@) New PuwPs
W/VFD'S

/
’ \—NEW FLOW METER

A&

NEW WEIRS &

SCUM COLLECTORS

(TYP. OF 6)

(2) NEW DRIVES

EXISTING

PRIMARY

SETTLING
TANKS

(2) NEW GRAVITY

/(2) NEW SCUM COLLECTORS

THICKENERS
WITH COVERS
) CHLORINE
CONTACT
TANKS

SUBMERSIBLE
MIXER

(1) NEW THICKENED S
STORAGE TANK (BASEME

ABOVE FLOOD
ELEVATION

#1 & #2

PRIMARY
SETTLING
TANKS
(2) NEW DRIVES

NS

OPERATIONS
BUILDING

#3 & 4
) 3

PRIMARY

PRIMARY VALVE
CHAMBER NO. 1 NIGHT

NEW D
CHAINS
AND FLIGHTS

(TYP. OF 6)

\REPMCE EXISTING WEIRS
AND GATES

SLUDGE

PUMP
SO~ STATION
TANK | ™~

RAISED
COLLECTOR
DRIVES

WATER STREET
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RSLC in feet (NAVD88)

3.5

2.5

1.5

0.5

0

Relative Sea Level Change Projections - Gauge: 8452660, Newport, Rl (05/
01/2014)

2015 2025 2035 2045 2055 2065

2020 2030 2040 2050 2060 2070

Year

— USACE/NOAA
—— USACE Int, NOAA
—— NOAA Int High
/  Noma iah ot
- NOAA High Rate

Low Rate

Int Low

Rate
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FEMA FEMA (00 SO™  STORM-TOOLS  WHAFIS Model
Stillwater  Wave Crest gen Storm Surge Wave Crest
(Design)
WWTF Structures Elevation 11.4 13.4 16 18 21
Ground Surface (average) 8 -3.4 5.4 -8 -10.0 -13.0
Headworks 11.7 0.3 -1.7 -4 -6.3 9.3
Primary Sludge Pump Station,
Intermediate Pump Station,
Secondary Gallery, Secondary 14.5 3.1 1.1 -1 -39 6.5
Clarifiers
Operations Building 1st Floor,
New Sludge Handling Building, 15.2 3.8 1.8 -1 -2.8 -5.8
New Generator Pad
Aeration Tanks 17.7 6.3 4.3 2 -0.3 -3.3
New Reactor Tank 20.5 9.1 7.1 4.5 2.9 -0.5

Positive values (black) represent distance above water level.
Negative values (red) represent distance below water level.




A Stormtools 1-Percent Flood with 1 Foot of

WOODARD "
sl Sea Level Rise
ArcGIS ¥ Stormtools for Municipalities Modify Map & Sign In
[Z] Details 28 Basemap ‘ &2 Share -g- Print ‘ @ Measure L’ 1 address or place IQ]
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USDA FSA, Microsoft | RI CRMC, URI CRC, URI OCE, RPS Group, URI EDC | Esri, HERE, DelLorme, iPC esrl
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The highlighted items are measures Woodard & Curran has added since the January 9" meeting, making resiliency
essentially equivalent to the original design

Climate Change Resiliency Measures Climate Change Resiliency Measures Rebid Scope
Original Design Measures are in Base Bid Unless Noted

Operations Building

Headworks
Primary Sludge Pump Station
Primary Settling Tanks

Intermediate Pump Station
Existing Generator Building - repurposed to house new MCC
Switch Gear Building
Secondary Clarifiers
Chlorine Contact Tank
New Sludge Handling Building

New Reactor Tank

New Generator Pad

Electrical switch gear located on the second floor.
Motor control centers (MCCs) located on second floor
Control panels (SCADA) above 16 feet

Control panels above 16 feet
MCC on concrete pad above 16 feet NAVD88

Locate collector drives above 16 feet

Install two new dry-pit submersible pumps
Control panels above 16 feet

MCC on elevated slab located above 16 feet
MCC on elevated slab located above 16 feet

Locate collector drives above elevation 16 feet
Install submersible mixer
Constructed above elevation 16 feet
Constructed above elevation 16 feet

Constructed above elevation 16 feet

*MCCs will require cleaning and inspection (if water elevation greater than 15.5 feet occurs)

Electrical switch gear above 16 feet
MCCs safe at 16 feet*
Control panels above 16 feet

Control panels above 16 feet
MCC safe at 16 feet*
Original design (bid alternate 2)

Original design (bid alternate 1)

Original design

Modifications to prevent water from entering building
(bid alternate 1)

Original design
Original design (bid alternate 1)
Original design (bid alternate 4)
Original design
Original design




