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2. History and Time Line

=  Owner: Tampa Bay Water (TBW).
*TBW contracts AWAA to resolve design and construction

deficiencies )

= Tampa Bay Water (TBW) was created in 1998 to
supply wholesale drinking water to Hillsborough
County, Pasco County, Pinellas County, New Port
Richey, St. Petersburg and Tampa.

elarge-Scale pilot plant began

eFirst concrete poured for plant remediation

*Began acceptance testing

ePassed extensive acceptance test and transitioned to full
operation status

*12 months averaging 20 MGD and 4 consecutive months at )
25 MGD.
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1. Location

L e Thsrgl » The Tampa Bay Seawater Desalination Facility (TBSDF) is located next to
i Tampa Electric’s (TECO) Big Bend Power Station at Hillsborough County.
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3. Remediation project

Tampa Bay Seawater Desalination Plant
Process Diagram at 25 mgd Production

W e Saw

ClO, as initial raw water
disinfectant

Screens for Solids
Removal.

Coagulation-Flocculation-
Sedimentation.

16 more DynaSand Sand
Filters.

DE Precoat Filtration
Stage.

Waste Treatment
Lime Saturators

Static Mixers
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3. Remediation project

=  New coagulation/flocculaton and sedimentation system




9 TAMPA BAY SEAWATER DESALINATION PLANT %BCCiona

3. Remediation project

= |mprove Dyna Sand Sand Filters inner design of washers + novel vacuum-fed system
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3. Remediation project

=  New Chemical System
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3. Remediation project

New Diatomaceous Earth Precoat Filters System




12 | TAMPA BAY SEAWATER DESALINATION PLANT %acciona

3. Remediation project

=  Upgrade Posttreatment System. 2 x Lime Saturators
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3. Remediation project

= West Scavenger Tank =  New Waste Treatment System.
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4. Process Stages — Seawater Station

=  Four (4) 350hp Vertical Sea Water Pumps:
=  TECO Tunnel #3: Sea Water Pumps #1 (VFD) and #3 (Soft start)
=  TECO Tunnel #4: Sea Water Pumps #2 (VFD) and #4 (Soft start)

= Influent Water Quality:
= Temperature:65—-120F
= TOC & DOC: high content: 9-12 mg/L
=  TDS Concentration: 24,000-35,000 mg/L
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4. Process Stages — Pretreatment

= East and West Pretreatment Basins -
=  Traveling screens
=  Rapid Mix (chemical dosage)

Chlorine Dioxide
Sodium Hypochlorite
Ferric Chloride
Sulfuric Acid
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4. Process Stages — Pretreatment

. East and West Pretreatment Basins
=  Coagulation/Flocculation
=  Sedimentation
- Contact time
. Scraper
. Sludge removal
. Sludge to waste treatment
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4. Process Stages — Sand Filters

= 32 Sand Filters (Dynasand)
= 8air lifts per Sand Filter (Airlift new design by Acciona)
=  Up flow Sand Filters washers (new design by Acciona)
=  Sand-bed support & shape modified (new design by Acciona)
=  Water distribution modified (new design by Acciona)
= Continuous backwash
=  Backwash Pumps added
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4. Process Stages — Sand Filters

=  NEW Backwash System
=  Backwash Pit
= 3 Submergible pumps
=  Backwash Water to Waste Treatment
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4. Process Stages — NEW Diatomaceous Earth (DE) Precoat Filters

. 18 DE Pressure Vessels

. East and West side
. 377 candles per vessel
. 4 VFD Supply Pumps

=  DE Preparation System
. East and West side
. 2 DE hoppers + 2 tanks + 2 pumps

=  Compensation System
. Compensation tank
. 2 Compensation pumps

=  Waste System
= Waste tank
= 2 Waste pumps
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4. Process Stages — DE Precoat Filters

= DE Preparation System
= Build a new DE precoat filter
. Time: 1 hour
. Remove old DE to Waste System
= Create new layer of DE
. Add new DE through Compensation System)
. Recirculation and Pressurization

=  Compensation system
. Tank + 2 pumps
. New layer of DE

= Waste system
. Tank + 2 pumps
= Sludge to waste treatment
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. Process Stages — Reverse Osmosis

RO Racks
7 Feed Transfer Pumps
7 High Pressure Pumps
RO Rack (168 pressure vessels)
Energy Recovery Turbines

9 Second Pass RO Racks
= Chlorides (<100 mg/l)

Flush System
= 1 Flush Tank (100,000 gal)
- 2 pumps

Cleaning in place System (CIP)
1 CIP tank (10,000 gal)
2 CIP pumps
1 Mix tank (1,000 gal)
2 Mix pumps
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. Process Stages — Reverse Osmosis

High Pressure Feed Pump (HPFP)

= Pumps the CF effluent to the RO Rack
= HPFP increases the pressure to 800-950 psi
= 2,000hp motor with VFD.

- Pump + Motor + Energy Recovery Turbine
connected to the same shaft
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4. Process Stages — Reverse Osmosis

=  Reverse Osmosis membranes

=  Hydranautics and Dow hybrid configurations in all 7 RO units

=  Despite ClO2 + NaClO pretreatment, no oxidation observed in 13 years
=  Biofouling dP increase controlled under OEM parameters

=  Regular membrane replacement as per contract.

a Concentrate
é

>

Feed

( Concentrate/Feed

Back Permeate

Production
(Post-treatment) .
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. Process Stages — Reverse Osmosis

Energy Recovery Turbine (ERT)

7 ERTs, one for each RO rack
Fed by RO Concentrate Water
TDS around 55,000 mg/I
Controls flow and pressure
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4. Process Stages — Reverse Osmosis

Second Pass

=  1st Stage +2nd Stage

=  Original design by Covanta (year 2001)

=  Redesigned and revamped by Acciona Agua (2012)
=  Target: < 100 mg/l Chlorides

=  Replacement rate under contractual values
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4. Process Stages — Posttreatment

Carbon Dioxide (CO2)
= North and South CO2 silos
. One at atime

Calcium Hydroxide (Ca(OH),)
Ll North and South Lime silos
= 2 tanks + 4 pumps
= 1tank + 1 pump at a time
] North and South Saturators
. Dilutes permeate water with slurry water
. Create retention time

= Lime Contactor
. Create contact time
= Sodium Hypochlorite dosage
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4. Process Stages — Posttreatment

Lime Silo Lime Saturator
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4. Process Stages — Posttreatment
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. Process Stages — Product Water

3 Product Water Pumps (PWP)
= 2 motor with VFD
- 1 motor with Soft start

5 MG Product Water Tank

Water Quality Avgs
pH 7.9
Turbidity 0.4 NTU
Conductivity 450 us
Chlorides < 100 mg/I
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. Process Stages — Waste Treatment

Lamella Treatment

= Rapid mix
= Polymer dose

= Coagulation/Flocculation
= Create contact time

Ll Lamella Clarifier
Ll Clarify water flows over the weirs to
Supernatant basin
= Sludge is pumped to the belt press

Ll Supernatant basin
= Clarifier water to pretreatment

= Lamella basement
= 3 Pumps to pretreatment
. 2 Pumps to Belt Press

Lamella
Basement

Holding tank

Supernatant
Basin

—"

Rapid mix
basin

Coagulation and
Flocculation basin

Lamella
clarifier
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4. Process Stages — Waste Treatment

= Sludge from Waste Treatment
= Polymer
. Water
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5. Challenges

=  |NLET - TECO units/tunnels in service or out of service

TECO Unit 1A In Service TECO Unit1B In 5 i
ni fl SEmvice TECO Unit 181n Serice  TECO Unit 18 In Service

TECO Unit 2A In Service TECO Unit 2B In Service TECD Uinkt 2& In Sereicn TECO Undt 28 In Sarcicn
TECO Unit 34 In Service ~ TECO Unit 3B In Service :: TECO Link 34 In Service TECO Undt 30 In Service
FE LGN Ll &4 DI0F Flee TEGE Llnde @08 08 line

TECO Unit 4A In Service TECO Unit 4B In Service

=  OUTLET - TECO Dilution ratio. Minimum 28:1 by NPDES permit

DILUTION RATIO = 570.56 : 1 :> DILUTION RATIO =  81.85 :1

OUTFALL FLOW  0.529 MGH
TECO FLOW 43.260 MGH

DILUTION RATIO DATA

OUTFALL FLOW 0.054 MGH
TECO FLOW 58.094 MGH




35| TAMPA BAY SEAWATER DESALINATION PLANT %acciona

5. Challenges

=  ELECTRICAL STORMS: frequent power blips
= > 20 Events in a year DISTRIBUTION OF EVENTS

Ll 7 Complete Shutdowns

. Others
Operational 8,1%
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5. Challenges

=  Water Temperature variations
= Seawater temperature varies depending on power plant activities. Seawater temperatures can vary up to 200F in 24 hours
= Seawater temperatures vary depending on the season and TECO operations.

INFLUENT TEMPERATURE TECO TUNNEL 4A

& P 0 TS

107°F | TECO_FLOW_4A

i TECO Shut Down Tunnel 4A

6 hours = e T 2 < Q/
T 1

71°F |

A
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5. Challenges

- Variation of 302F can occur within 1 hour

MAXIMUM MONTHLY TEMPERATURES (2007-2020)
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5. Challenges

=  TDS Concentration variations
= In the Tampa Bay area, the salinity changes with the amount of rain. Severe dry seasons make the TDS concentration increase requiring a higher
power consumption rate
- Variation of 10,000 mg/| of TDS can occur in a single month.

2007 - 2020 SEAWATER TDS (mg/I)

40.000

34.624 35403 34.559
35.000

32.935
32.097

31.986

30.000

28.336

28.147 27.933

25.000

20.000

15.000

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
EMIN = MAX mAVERAGE -
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5. Challenges

= Optimization projects
. Power Consumption
= Improve efficiency and performance of ERTs

= Improve RO Start up
) Decreasing Feed pressure from 50 psi (Approx 2.0 % energy savings)

ey
e ¥ i
f | | f |
; N O UL |
r - i == -
& = — i : .'
a1 | | [eidem '-f
b /:;:__ [ el | L
o -+ R ¥
-~ B, ] "
; |II i | i =
.II o i =
i A% | ]
[11] T 7
N | LIFf
. |
nn ) N o 1 — 1 A1
[ = b S ._J 4
| - i [
aoH
I
L - -4
I Tel 2NF TER TIN T %A TR R W00 RPD el ROG AES ved D50 JEE A0 M0 AT0 LB WE N0 S50 A0 L0 S§D APD




40

TAMPA BAY SEAWATER DESALINATION PLANT

%acciona

5. Challenges

Optimization projects

Chemical consumptions (Sulfuric Acid)

High PH better turbidity removal at pretreatment basins

TURBIDITY REMOVAL

100%

90% -
80%
70%
60%
50%
40% A
30%
20%
10% A

0%

JAR TEST (SULFURIC ACID)

91% 95% 93%
//88% 90%
77%
— -71%
. -114%
-157% 338% -297%
-352% 0 —
1 ppm 3 ppm 5 ppm
DOSE (mg/l)

400%

- 300%
- 200%
- 100%
- 0%

- -100%
- -200%
- -300%

-400%

e high ph - high turbidity
e | oW ph - high turbidity
e High ph - low turbidity

e | OW ph - low turbidity
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5. Production Summary

TAMPA AREA DEMAND (2007-2020)

8.000

7.000

6.000

5.000

4.000 3.303

MGs

2.544 2381 2233

3.000 2.141

2.000

1.000 458
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NORTH AMERICA

CANADA
EEUU
MEXICO

LATIN AMERICA

BRAZIL

CHILE
COLOMBIA
PERU
PANAMA
DOMINIC REP.
COSTA RICA
ECUADOR
NICARAGUA
TRINIDAD AND
TOBAGO

EUROPE

SPAIN
POLAND
ITALY
PORTUGAL
SWEDEN
GREECE
GERMANY
CROATIA
NORWAY
HUNGARY

NETHERLANDS
ROMANIA
DENMARK
UNITED KINGDOM
AUSTRIA

TURKEY

UKRAINE

MIDDLE EAST AND

AFRICA

UAE
MOROCCO
SOUTH AFRICA
SAUDI ARABIA
ALGERIA
GABON

OMAN

QATAR

EGYPT

KENYA

/5'

ASIA & OCEANIA

AUSTRALIA
INDIA
PHILIPPINES
NEW ZELAND
SINGAPORE




