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Substation Hardening Study | Executive Summary I‘D?

The Tampa Electric Company (TECO) system spans
multiple counties in Florida covering a diverse

area consisting of rural, urban, coastal, and inland
communities. A significant part of the customer load that
TECO serves, and the location of TECO's headquarters,
is in Hillsborough County, Florida. This transmission
network is in the Tampa Bay vicinity in low-elevation
areas near the Gulf Coast. These substations are a mix

of Transmission and Distribution Substations that serve
as switching stations to distribute large generation
resources, such as the Big Bend Substation or Gannon
Substation, and distribution substations serving dense
populations, such as the Manhattan Substation in south
Tampa. These substations have been built and operated
for many years and have served the Tampa community
well. When originally developed, the substations were
carefully located in geographic areas based on elevation
above sea-level, proximity to customer load and access to
transmission lines for interconnection to the main grid.

Over the past several years, concerns have grown over
storm surge related to extreme weather events such as
hurricanes or tropical storms. These concerns, coupled
with rising sea levels, have drawn attention by TECO to

24 substations in Hillsborough County. In March of 2021,
TECO solicited engineering firms to perform a Substation
Extreme Weather Hardening Study (Substation Hardening
Study) for these substations. HDR Engineering, Inc. (HDR)
was selected to perform the study and began work in
April of 2021.

Nine hardening projects are recommended as a result of
this Substation Hardening Study.

Substation Project Cost
Hookers Point - Re-grade Substation $7,600,000
and Install New Control House,

Autotransformer and Power Transformer

South Gibsonton - Install Elevated $3,100,000
Control House and Regrade North End

of Substation

Jackson Rd - Install Elevated Control $2,800,000
House and New SPCC System

for Autotransformer

Estuary - Replace 69 kV Circuit Breaker $900,000
and Elevate Relay and Control Enclosure

El Prado - Rebuild Substation with Open- $5,000,000
air Distribution Circuit Breakers

Skyway - Replace 13.8 kV Circuit Breakers $3,500,000
and Elevate Control House

Desal - Elevate Control Enclosure $700,000
MacDill - Install New SPCC Systems for $700,000
Power Transformers

Maritime - Replace 13.8 kV Circuit $4,500,000
Breakers, Install New Transformers and

Elevate Control House

Total

$28,800,000

The substation hardening projects have an estimated
cost of $28.8MM. The three (3) transmission projects at
Hookers Point, South Gibsonton and Jackson will improve
grid stability by maintaining the tie points between 230,
138, and 69 kV systems during a storm surge event. The
six (6) distribution projects will improve reliability of
service, including service to critical load, during storm
surge events.
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Substation Hardening Study | Introduction I‘)?

1.0

| n t rO d U Ct | O n The 24 substations included in this

Substation Hardening Study are:

This report outlines the study approach that HDR 1. Big Bend 230 kV

took in developing projects to harden the substations 2. Big Bend Solar 69 kV

mentioned above against storm surge events. It outlines 3. Cypress Street 69 kV

the data collected, based on both desktop studies and 4. Desal 69 kV

from field visits, the approach to developing scorecards 5. El Prado 69 kV

to prioritize the substation susceptibility to storm surge 6. Estuary 69 kV

flooding, and detailed information on the eight substation 7. First Street 69 kv

projects developed to strengthen the grid against extreme 8. Gannon 230 kV, 230/138 kV, 230/69 kV

weather events. 9. Harbour Island 69 kv
10. Hookers Point 138/69 kV
11. Interbay 69 kV
12. Jackson Road 230/69 kV
13. MacDill 69 kV
14. Manhattan 69 kV
15. Maritime 69 kV
16. McKay Bay Cogen 69 kV
17. Meadow Park 69 kV
18. Miller Mac 69 kV
19. Millpoint 69 kV
20. Port Sutton 69 kV
21. Rocky Creek 69 kV
22. Skyway 69 kV
23. South Gibsonton 230/69 kV
24, Twelfth Avenue 69 kV




2.0
Study Approach

HDR Inc. conducted the Substation Hardening
Study in three phases — Discovery, Evaluation and
Recommendation. Each phase is described in the
following subsections.

2.1 DISCOVERY PHASE

After being awarded the project from TECO, HDR began
the process of collecting data to be used in the Substation
Hardening Study. This data collection took place in the
form of desktop studies, site visits in the field and the
creation of a Geospatial Information Systems (GIS)
database.

2.1.1 Desktop Studies

During the Discovery Phase, HDR collected data to

be used in the Substation Hardening analysis. This
included desktop studies and site visits to each of the 24
substations identified by TECO. The desktop studies were
focused on gathering environmental existing conditions
for the substations. This includes the following:

* FEMA 100- and 500-yr floodplain maps

* Evacuation Zone Categories

* Existing Wetlands within or adjacent to the substations
* Hydric soil presence

Floodplain maps

The industry standard for defining a high flood hazard
area is the “100-year flood zone,” which is a flood that has
a 1 percent chance of occurring in a given year. This is the
standard used by the Federal Emergency Management
Agency (FEMA) to identify hazard areas for the National
Flood Insurance Program. FEMA also identifies areas of
minimal flood hazard (500-year flood zone), which is

a flood that has a 0.2 percent chance of occurring in a
given year.

The substation locations were overlayed upon the YEAR
FEMA 100- and 500-yr floodplain maps to identify
whether the substation is located within a flood hazard
area. The FEMA map for each substation are located in
the Appendices of this report.
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Evacuation Zone Categories

Hillsborough County and the Tampa Bay Regional Council
have identified evacuation zones based on potential
storm tide heights and wind speed during a hurricane.
The evacuation zones range from Zone A to Zone E and
the potential storm tide heights vary dependent on the
hurricane category, ranging from a Category 1 which

can cause wind speeds of 74 to 95 miles per hour (mph)
ranging to a Category 5 with wind speeds of 157 mph

or greater. For example, Zone A area can experience
potential storm tide heights ranging from up to 11 feet,
during a Category 1 hurricane, and up to 38 feet during

a Category 5 hurricane. The evacuation zone for each
substation location was identified to understand potential
storm tide heights during a hurricane.

Wetlands

Wetlands and other surface waters mapped by the U.S.
Fish and Wildlife Service (USFWS) National Wetland
Inventory (NWI) Wetland Mapper were reviewed to
determine if they have been previously mapped within the
substation area and adjacent to the substation area. These
areas are seasonally saturated or permanently flooded
and therefore can give an indication on the hydric and
drainage conditions of the soil.

Hydric Soil Presence

A hydric soil is a soil that is saturated, flooded or
ponded long enough during the growing season to
develop anaerobic conditions in the upper part of the
soil profile that favor the growth and regeneration of
hydrophytic vegetation (USDA - SCS, 1991). The United
States Department of Agriculture (USDA) Natural
Resources Conservation Service (NRCS) Web Sail
Survey was reviewed for near surface soil information
at each substation location. The general soil types
within the substation area were reviewed including
hydric classification and depth to water table to have an
indication of whether the substation was prone to flooding
due to the near surface soil conditions.
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Substation Elements

Another desktop study focused on the electric grid
configuration of the substations. TECO provided HDR with
the following information for each of the 24 substations.

» Single and Electrical (S&E) One Line Diagrams
* Substation Electrical Layouts

* Relaying and Control One Lines

* Property Boundaries

This information was used to identify whether the
substation was used for Transmission or Distribution,
the amount of generation connected (megawatts or
MW), whether bulk power was connected, the number
of transmission circuits connected, and the voltage level
served from the substation (>100 kilovolt or kV). The
data received from TECO was parsed out and saved

to individual substation folders on a SharePoint drive
created by HDR. This data was collected for use in the
Evaluation phase for Grid Stability impact. When bulk
power or multiple transmission circuits are removed from
the electric grid quickly due to an outage, the system
frequency can be negatively impacted and may deviate
from 60 hertz (Hz). For this reason, substations with
Bulk Power connected (Gannon and Big Bend 230 kV
Substations) were treated with a higher level of criticality
in the scorecard process during the Evaluation Phase.

Also noted in this desktop study was whether an
autotransformer (230/138 or 138/69 kV) was located
in the substation. This information was used to identify
substations with long lead-time equipment that could
impact the amount of time a substation is out of service
after a storm surge event.

The last set of data collected in the desktop study
concerned customer service information. This included
the number of direct customers served, the number of
distribution circuits at each substation, the peak load
(Million Volt-Amps or MVA) and whether critical load is
served from the substation.

2.1.2 Site Visits

Another critical part of the Discovery Phase was
performing site visits to each of the 24 substations.

Over the course of three days, an HDR senior electrical
engineer and environmental engineer visited the
substations along with a TECO representative. Ahead of
each site visit, HDR created a substation site visit checklist
with items to observe and information to be collected at
each site.

Substation Hardening Study | Study Approach
2.1 Discovery Phase

The existing environmental and substation element
observations made at each site were:

* Signs of recent flooding (Yes/No)?

= Substation elevation — elevated, low, or flat?

= Space to elevate control house (Y/N)?

* Relay panel condition (Old, new, or mixed)?

* Space to install berm outside substation (Y/N)?

* Space to elevate other equipment (Y/N)?

* Gopher tortoise burrows observed (Y/N)?

* Areas with standing water observed (Y/N)?

* Areas with vegetation (other than grass) observed
(Y/N)?

These existing conditions were gathered to assess the
substation existing environmental conditions and to
develop hardening projects. Existing environmental
conditions, such as whether the substation has signs of
flooding and standing water and existing vegetation (i.e.,
water lines on the control houses, wet soils, puddles and
wetlands) provided additional information on the water/
soil regime and drainage conditions of the substation
area and potential permitting needs for future hardening
projects. The existence of Gopher tortoise burrows

can also result in potential environmental restrictions
and permitting needs for future hardening projects. By
hardening, HDR is referring to physical design changes
to the substations so they are less susceptible to damage
from storm surge flooding. Industry accepted methods
of substation hardening include elevating control houses
to avoid flooding in storm-surge events and installing
berms (temporary or permanent) to keep storm-surge
flooding at bay. During the site visits, HDR staff took note
of the substation layout, ownership area, and surrounding
area to develop feasible hardening projects during the
Recommendation Phase.

At each site visit, the HDR engineers took photographs
of the substation, the equipment, and surrounding areas.
These photos were taken for later references in the
Evaluation and Recommendation phases of the project.
This data was uploaded to the substation folders on the
SharePoint drive as well as the Environmental Systems
Research Institute (ESRI) Field Maps application that was
developed (see section below for details).

FR
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2.1.3 ESRI Field Maps

As detailed above, a significant amount of data was
collected — through both desktop studies and site visits.
The SharePoint site served as a collection point and
helped organize the information by substation. However,
for this study, HDR needed the ability to analyze the
substations geographically with overlays of information
such as floodplain data and topography. To accomplish
this task, the HDR engineering team worked with its

GIS group to create a dashboard on ESRI Field Maps
application. The first step was to enter the address of each
of the 24 substations into the web-based platform. Using
the mobile application during site visits, the engineering
team was able to document representative assets for
each individual piece of equipment such as control house,
transformers, and circuit breakers. Each asset was tagged
with GIS coordinates and notes from the field regarding
equipment height above ground and condition were
recorded. As photos of each asset were taken, including
nameplates, those photos were tagged to the individual
asset in the ESRI Field Maps application.

With substation assets captured and loaded into the ESRI
Field Maps application, HDR was able to analyze each one
in relation to floodplains and storm surge zones during the
Evaluation Phase and recommend substation hardening
projects during the Recommendation Phase.

2.2 EVALUATION PHASE

After the Discovery Phase was completed and HDR had
sufficient information collected for each substation, the
study entered the Evaluation Phase. The key part of this
phase was the creation of a scorecard tool to prioritize the
substations and rank them based on several criteria. Two
primary elements for the scorecard included probability
and impact, and secondary elements included weighting.
The goal was to rank and score the 24 substations based
on their criticality. ISO standards define criticality as a
measure of the importance of an asset to the delivery of
the organization's objectives.

The business objectives used in the scoring included:

* Grid Stability / Capacity — ability of the interconnected
grid to provide adequate power and balance supply
and demand

* Reliability / Availability — duration of time the system
is out and not providing power to customers

* Customer Service — the number of customers and

FR
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amount of load impacted by an outage

* Cost — the cost of restoring the system after it
is damaged

= Safety — risk of injury, disability or death of an
employee or member of the public

* Environmental — risk of not meeting environmental
stewardship objectives or regulations

Input factors were used as the basis for measuring the
impact on these objectives. The factors and objectives
were then quantified and weighted to determine an overall
criticality score for each substation.

2.2.1 Input Data

Input factors measured were based on observations made
during the substation inspections. The following factors
were used relative to each business objective:

Grid Stability / Capacity
* Generation connected
* Bulk Power connected
* Number of transmission circuits
* Load size >100kV

Reliability
* Hydric sail
* Signs of flooding
* Observed water
* Past flooding
* Material lead time / autotransformer

Customer Service
* Number of direct-served customers
* Number of distribution circuits
* Peak load (MVA)
* Critical Load

Cost
» Asset book value (based on age)
* Repair/replace cost factors due to autotransformers
* Repair/replace cost factors due to switchgear
* Replacement power costs

Safety
= Control house for shelter
* Evacuation zone category

Environmental

* Adjacent wetlands

* Gopher tortoise burrows
* HAZMAT
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2.2.2 Scoring Levels

Input factors were scored using five levels reflecting
impact to the business objectives:

1= Negligible impact
2 = Minor impact

3 = Moderate impact
4 = Major impact

5 = Extreme impact

Impact level scores were assigned as follows:

Grid Stability / Capacity
* Generation connected:

©1=0

o 2=25MW

o 3=500 MW
o 4=1000 MW

o

5 = Greater than 1,000 MW

* Bulk Power connected
o 1=No
o 4 =Yes

= Number of transmission circuits

©1=0
o 2=1
©3=5
o 4=10

o 5=More than 10

* Load size >100kV (Yes/No)
o 1=No
o 4 =VYes

Reliability
* Hydric soil
o 1=No
o 2=0inches or unlisted
o 3=3inches

* Signs of flooding
o 1=No
o 3=VYes

* Observed water

o 1=No
o 2 =Puddles
o 3=VYes

* Past flooding
o 1=No
o 3=VYes

Substation Hardening Study | Study Approach I‘)?
2.2 Evaluation Phase

= Material lead time / autotransformer
o 1=No
o 3=Yes

Customer Service
* Number of direct-served customers

o 1=None

o 2=2,000
o 3=6,000
o 4=8,000

o 5=10,000 or more

« Number of distribution circuits

o 1=None
02=2
o 3=4
0 4=6

o 5=8ormore

= Peak load (MVA)

°©1=0

o 2=20 MVA
o 3=30 MVA
o 4 =40 MVA

o 5=50 MVA or more

* Critical Load (Yes/No)
o 1=No
o 3=Yes
o 5=Port Load

Cost
* Asset book value / age
o 1=0Id (i.e., fully depreciated)
o 3 = Mixed (i.e., mid-life)
o 5=New

* Repair/replace cost factors due to autotransformers
o 7=No
o 3=Yes
* Repair/replace cost factors due to switchgear
o 7=No
o 3=Yes

* Replacement power costs

°©1=0

o 2=25MW

o 3=500 MW
o 4=1000 MW

o 5= Greater than 1,000 MW
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Safety
* Control house
o 1=Yes
o 2=No

* Evacuation zone category
o2=8B
o 3=A

Environmental
* Adjacent wetlands
o 7=No
o 3=VYes

* Gopher tortoise burrows
o 1=No
o 2 =Inconclusive
o 3=VYes

« HAZMAT (Yes/No)
o 1=No
o 4 =Yes

2.2.3 Scoring

Impact level scores were then weighted, in consultation
with TECO, and weighted-average total scores were

calculated for each factor and the overall criticality score.

The following weightings were used:

Grid Stability / Capacity — weighted at 40% of
overall score

* Generation connected — weighted at 40%

* Bulk Power connected — weighted at 30%

* Number of transmission circuits — weighted at 20%
* Load size >100kV — weighted at 10%

Reliability — weighted at 20% of overall score

* Hydric soil — weighted at 25%

= Signs of flooding — weighted at 15%

* Observed water — weighted at 15%

* Past flooding — weighted at 30%

* Material lead time / autotransformer — weighted at
25%

Customer Service — weighted at 10% of overall score

* Number of direct-served customers — weighted at
25%

* Number of distribution circuits — weighted at 25%

* Peak load (MVA) — weighted at 25%

* Critical Load — weighted at 25%

Substation Hardening Study | Study Approach I‘D?

2.2 Evaluation Phase

Cost — weighted at 10% of overall score

* Asset book value / age — weighted at 50%
* Repair/replace cost factors due to autotransformers —

weighted at 15%

* Repair/replace cost factors due to switchgear —

weighted at 15%

* Replacement power costs — weighted at 20%

Safety — weighted at 10% of overall score

* Control house for shelter — weighted at 80%

* Evacuation zone category — weighted at 20%

Environmental — weighted at 10% of overall score

Adjacent wetlands — weighted at 40%

* Gopbher tortoise burrows — weighted at 20%
* HAZMAT — weighted at 40%

Weighting Chart
Generation Connected (40%)

Bulk Power Connected (30%)

Grid Stability
Number of Transmission (40%)
Circuits (20%)
Load Size > 100kV (10%)
Hydric Soil (25%)
Signs of Flooding (15%) Reliability /
Observed Water (15%) Outage Duration
. (20%)
Past Flooding (20%)
Material Lead Time (25%)
# of Direct Served Customers
(25%)
. . Customer

# of Distribution Circuits (25%) Service
Peak Load MVA (25%) (10%)
Critical Load (25%)
Book Value / Asset Age (50%)
Cost Factor / Autotransformer
(15%) Cost
Cost Factor / Switchgear (15%) (10%)
Replacement Power Costs
(20%)
Control House (80%)

: Safety
Evacuation Zone Category 10%)

(20%)

Adjacent Wetlands (40%)

Gopher / Tortoise Burrows
(20%)

HAZMAT (40%)

Environmental
(10%)

Consequence

Score
(100%)
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2.3 Recommendation Phase

2.2.4 Scoring Results

Based on the scores and weightings described above,
overall criticality scores and rankings for each substation
were determined as shown in the chart on page 09. The
blue bars show the criticality scores for each substation
on Y-axis to the left. The red line shows the cumulative
. scores using the Y-axis on the right. For example, as
—_— — shown by the green lines, 50% of the scores are due to

‘ ' the 10 left-most substations while the remaining 50% is
due to the 14 substations to the right.

2.3 RECOMMENDATION
PHASE

After the scorecard was developed, HDR reviewed the
results and identified substations that were susceptible
to storm surge flooding. Special attention was paid to
substations where outages could impact grid stability or
reliability of service and posed safety and environmental
risks. For these substations HDR developed hardening
projects to mitigate the risks and improve the resiliency
of the substation in the event of storm surge flooding.
On each scorecard substations were identified that
scored high (to the left side of the charts) on the risk
rankings. Hardening projects were developed to reduce
those risks and drive their score down, bringing them

to the right of the scorecards and in line with the other
lower-risk substations.
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As the substation hardening projects were developed,
budgetary cost estimates were created for each. These
costs were turnkey — including equipment, construction,
testing and commissioning. These costs were then used in
a cost benefit analysis to justify the hardening project and
its effectiveness in improving grid resiliency at the same
time as being cost effective.

The projects developed in the Recommendation Phase are
presented in Section 4.0 — Substation Hardening Projects.
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3 0 3.1 Overall Scores
[ |

St u d Re S U | t S - S C O re C a rd S The Pareto chart below shows the consequence scores for each substation using the
y Y-axis on the left. The red line shows the cumulative scores using the Y-axis on the
right. As shown by the two green lines, the 11 substations shown in blue to the left

of the green vertical line account for approximately 55% of the overall consequence
scores (based on the green horizontal line).

3.1 OVERALL SCORES
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3.2 Grid Stability/Capacity

3.2 GRID STABILITY/CAPACITY

The component scores and rankings that made up the overall score are shown in the
charts below and on the following pages:
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3.3 Reliability

3.3 RELIABILITY
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3.4 Customer Service

3.4 CUSTOMER SERVICE
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4.0

Substation
Hardening Projects

Based on the data collected in the Discovery Phase and
scorecards developed in Evaluation Phase, eight (8)
projects were developed to harden TECO substations
against extreme weather events. Three projects at
transmission substation aim to improve grid stability
and five were developed to improve customer service,
cost, safety, and environmental impacts of losing the
substations due to flooding from storm surge.

The Big Bend 230 kV and Gannon 230/138 and 69 kV
Substations scored very high in the overall consequence
and Grid Stability scorecards. This is due to the large
amount of generation connected to these substations
and the number of transmission lines that terminate
at the facility. Both substations are fairly hardened
against extreme weather in their current state. Each
substation has new equipment, the circuit breakers
and control houses are elevated, and the substation
grading is elevated around the substations. For this
reason, no projects were developed to improve Big

Substation Hardening Study | Substation Hardening Projects I‘)?
3.7 Environmental

Bend and Gannon, and the project development was
focused on Hookers Point, Gibsonton and Jackson Rd
transmission substations.

Of the 16 distribution substations, 10 were not found to
be susceptible to storm surge flooding. These substations
had new and/or elevated equipment and favorable
substation grading and were located on an elevated
property with grading away from the substations. For
these reasons no hardening projects were developed at
these substations and the focus was put on the remaining
six distribution substations — Estuary, El Prado, Skyway,
Desal, MacDill and Maritime.

The following table shows the substation hardening
projects along with the total estimated costs for each.
These costs are budgetary estimates (+/- 25% accuracy).
They include equipment, engineering, permitting,
construction, project management, testing and
commissioning costs.

Hookers Point - Re-grade Substation and Install New Control House, Autotransformer and Power Transformer $7,600,000
South Gibsonton - Install Elevated Control House and Regrade North End of Substation $3,100,000
Jackson Rd - Install Elevated Control House and New SPCC System for Autotransformer $2,800,000
Estuary - Replace 69 kV Circuit Breaker and Elevate Relay and Control Enclosure $900,000

El Prado - Rebuild Substation with Open-air Distribution Circuit Breakers $5,000,000
Skyway - Replace 13.8 kV Circuit Breakers and Elevate Control House $3,500,000
Desal - Elevate Control Enclosure $700,000

MacDill - Install New SPCC Systems for Power Transformers $700,000
Maritime - Replace 13.8 kV Circuit Breakers, Install New Transformers and Elevate Control House $4,500,000

Total $28,800,000
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471 PROJECT 1
Hookers Point 138/69 kV Substation

Re-grade Substation and Install New
Control House, Autotransformer and Power

Transformer

Hookers Point is a 138/69 kV Substation with a 168 MVA
autotransformer and seven (7) transmission circuits

that terminate in the switchyard. Also installed at this
substation is a power transformer that serves critical
south load. The substation sits in the FEMA 100-yr
floodplain and is located ~900 ft from a canal/drainage
feature discharging into Tampa Bay.

Hookers Point is a critical substation because it ties

the 138 and 69 kV systems together. If this substation
flooded due to storm surge, the autotransformer may trip
offline and the seven 69 kV circuit breakers may operate,
taking those transmission lines out-of-service. This could
happen due to flood waters around the equipment, or the
control house flooding and the relays operate due to the
flood waters.

The autotransformer, power
transformer and control house all

sit in a low-lying area on the west
side of the substation. There is a

-3 ft embankment that splits the
substation and to the east, on higher
elevation sits the 69 kV switchyard.

Substation Hardening Study | Substation Hardening Projects I‘D?

4.1 Project 1

power transformer and control house
and elevating the west side of the
switchyard to match the elevation of

the main switchyard. Once the grading
is complete, install a new 138/69 kV
autotransformer with a 3" SPCC wall and
a new power transformer to serve the
customer load. HDR also recommends
replacing the three older 69 kV breakers
with gas insulated circuit breakers with
on elevated structures, per the current
TECO standard design.

This project will greatly reduce the
likelihood of flooding in a storm surge event and will
improve grid stability by making this critical 138/69 kV
Substation more resilient.

Project Cost Estimate
In the table below is a high-level, budgetary cost estimate
(+/- 25% accuracy) for the Hookers Point project.

Cost Benefit

The Hookers Point project is a large capital project

and so the benefit to Tampa Electric and its customers
should be great enough to justify that cost. The $7.6 MM
cost is justified by the improvements to grid stability by
hardening this critical substation and maintaining the
138/69 kV tie point during flood events due to storm
surge. If this substation is lost due to an outage, it may
impact the service to 69 kV substations downstream and
create voltage or frequency issues at those facilities.

This project improves the Grid Stability and Reliability
score of Hookers Point and moves the substation to the
right-hand side of both scorecards (page 10 and 11) into an
acceptable range.

Hookers Point 138/69 kV Substation

RE-GRADE SUBSTATION AND INSTALL NEW CONTROL HOUSE, AUTOTRANSFORMER AND
POWER TRANSFORMER

Three of the 69 kV circuit breakers
are very old, oil-filled circuit

breakers that sit close to the ground.

HDR recommends decommissioning

and removing the autotransformer,

Re-grade Substation $250,000 $430,000
Elevated Control House $2,000,000 $320,000
138/69 kV Autotransformer $2,700,000 $320,000
69/13 kV Transformer $900,000 $220,000
3 gty 69 kV Circuit Breakers $300,000 $160,000
$6,150,000 $1,450,000

Total $7,600,000
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4.2 PROJECT 2

South Gibsonton 230/69 kV Substation

Install New Control House on Elevated Platform and
Regrade North End of Substation

South Gibsonton is a 230/69 kV
Substation with two (2) 224 MVA
autotransformers and eight (8)
transmission circuits that terminate
in the switchyard. The substation
partially sits in the FEMA 100-yr
floodplain and is located ~1.5 mi from
the Tampa Bay.

South Gibsonton is a critical
substation because it ties the 230
and 69 kV systems together. If this
substation flooded due to storm
surge, the autotransformers may
trip offline and the eight circuit
breakers may operate, taking those
transmission lines out-of-service.
This could happen due to flood
waters around the equipment, or the
control house flooding and the relays
operate due to the flood waters.

The control house at South
Gibsonton sits at ground level.

HDR recommends installing a

new control house on an elevated
platform or concrete slab. Currently
control house is located underneath

incoming transmission lines. There
is available property, shown in the
yellow boxed area in the image
above, that could be cleared, and the
new control house installed.

During the site visit HDR received
feedback from the operations
manager onsite that flooding has
occurred in the past from the small
body of water to the north of the
substation. HDR recommends
re-grading the north end of the
South Gibsonton Substation and
establishing a detention pond
where the existing body of water

FR

is and possibly extending it into
the transmission Right-of-Way to
the east of the substation. This
improvement to the grading and
water detention may help storm
surge flooding recede more quickly
out of the substation and harden
the substation.

HDR also recommends replacing
the oil-filled 69 kV Circuit Breaker to
mitigate the environmental impact
due to storm surge flooding.

Project Cost Estimate

In the table below is a high-
level, budgetary cost estimate
(+/- 25% accuracy) for the South
Gibsonton project.

Cost Benefit

The South Gibsonton project is

a large capital project and so the
benefit to Tampa Electric and its
customers should be great enough
to justify that cost. The $3.1MM cost
is justified by the improvements

to grid stability by hardening this
critical substation and maintaining
the 230/69 kV tie point during flood
events due to storm surge. If this
substation is lost due to an outage,
it may impact the service to 69 kV
substations downstream and create
voltage or frequency on the 230 kV
bulk system.

This project improves the Grid
Stability and Reliability score of
South Gibsonton and moves the
substation to the right-hand side of
both scorecards (page 10 and 11) into
an acceptable range.

South Gibsonton 230/69 kV Substation
INSTALL ELEVATED CONTROL HOUSE AND REGRADE NORTH END OF SUBSTATION

Elevated Control House $2,000,000 $320,000
Re-grade North End of Substation |  $150,000 $480,000
69 kV Circuit Breaker $100,000 $50,000

$2,250,000 $850,000

Total $3,100,000
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4.3 PROJECT 3

Jackson Rd 230/69 kV

Substation

Install New Control House
on Elevated Platform and
Install New SPCC Systems

for Autotransformer
Jackson Rd is a 230/69 kV
Substation with one 224 MVA
autotransformers and five (5)
transmission circuits that terminate
in the switchyard. The substation
partially sits in the FEMA 100-yr
floodplain and is located ~1.5 mi from
the Tampa Bay. This substation has
had flood events in the past due to
the creek to the north flooding.

Jackson Rd is a critical substation
because it ties the 230 and 69 kV
systems together. If this substation
flooded due to storm surge, the
autotransformer may trip offline
and the seven circuit breakers may
operate, taking those transmission
lines out-of-service. This could
happen due to flood waters around
the equipment, or the control house
flooding and the relays operate due
to the flood waters.

Substation Hardening Study | Substation Hardening Projects I‘)?
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HDR also recommends replacing
the oil-filled 69 kV Circuit Breaker to
mitigate the environmental impact
due to storm surge flooding.

Project Cost Estimate

In the table below is a high-level,
budgetary cost estimate (+/- 25%
accuracy) for the Jackson Rd project.

Cost Benefit

The control house at Jackson Rd sits The Jackson Rd project is a large

at ground level. HDR recommends capital project and so the benefit to
installing a new control house on an Tampa Electric and its customers
eIevatgd platform or concrete slab. should be great enough to justify that
There is space at the south end of the cost. The $2.8MM cost is justified by
substation for this modification to the improvements to grid stability by
be made. hardening this critical substation and

maintaining the 230/69 kV tie point
during flood events due to storm
surge. If this substation is lost due to
an outage, it may impact the service
to 69 kV substations downstream
and create voltage or frequency on
the 230 kV bulk system.

HDR also recommends updating
the SPCC system for the 230/69
kV Autotransformer to include a 3
ft concrete wall, like other designs
on the TECO system. The 3 ft wall
may protect the autotransformer
in a flood event related to storm

surge. This is especially important This project improves the Grid

due to long lead-times for Stability and Reliability score of
autotransformers. This modification Jackson Rd and moves the substation
has a twofold benefit of hardening to the right-hand side of both

the substation and improving scorecards (page 10 and 11) into an
environmental protection. acceptable range.

Jackson Rd 230/69 kV Substation

INSTALL ELEVATED CONTROL HOUSE AND NEW SPCC SYSTEM FOR
AUTOTRANSFORMER ITEM

Elevated Control House $2,000,000 $320,000
New SPPC System for Auto $100,000 $255,000
13 kV Circuit Breaker $75,000 $50,000
$2,175,000 $625,000

otal $2,800,000
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4.4 PROJECT 4

Estuary 69 kV Substation
Replace 69 kV Circuit Breaker and Elevate

Relay and Control Enclosure

The Estuary 69 kV Substation located near downtown
Tampa and serves critical downtown load. It sits just
outside the FEMA 100-yr floodplain but is located Y4 mile
from a canal discharging into Tampa Bay.

This substation has a power transformer, an old 69 kV oil-
filled circuit breaker and four (4) distribution circuits. The
69 kV breaker is an older design that its low to the ground.
The control cabinets inside the substation are not elevated
and sit low to the ground as well.

To harden the Estuary 69 kV Substation against flooding
in a storm surge event, HDR recommends replacing the
oil-filled 69 kV circuit breaker with a gas insulated breaker
that is elevated per the TECO standard design.

HDR also recommends elevating the
control cabinets like other substations.
The distribution circuit breakers have

Substation Hardening Study | Substation Hardening Projects I‘)?
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Project Cost Estimate
In the table below is a high-level, budgetary cost estimate
(+/- 25% accuracy) for the Estuary project.

Cost Benefit

The Estuary project is a smaller capital project at
$900,000 and will improve the reliability of service to
TECO customers in the area, including critical downtown
load. It also improves the environmental safety of the
substation by removing an older 69 kV oil-filled circuit
breaker and replacing it with a gas-insulted unit. The cost
of replacing the circuit breaker and elevating the control
enclosure at the Estuary 69 kV Substation is beneficial
due to the increase in reliability and environmental
safety improvements.

This project improves the Customer Service, Safety

and Environmental scores of Estuary and moves the
substation to the right-hand side of both scorecards into
an acceptable range.

Estuary 69 kV Substation

REPLACE 69 KV CIRCUIT BREAKER AND ELEVATE RELAY AND CONTROL ENCLOSURE

older electromechanical relays and
would benefit from being upgraded to
SEL relays.

This substation project would
increase the reliability of service to the
downtown area during a storm surge
event that brings flooding to the area.

Elevated Control Enclosure $400,000 $300,000
69 kV Circuit Breaker $100,000 $100,000
$500,000 $400,000

$900,000
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4.5 PROJECT 5

El Prado 69 kV Substation
Rebuild Substation with Open-air

Distribution Circuit Breakers
HDR recommends rebuilding the El Prado Substation at
the current site. Half of the substation site is not used
and contains foundations and steel structures from
decommissioned equipment. If those foundations are
removed and the site re-graded, a 69 kV Circuit Switcher
could be installed with a new 69/13 kV transformer and
four (4) 13.8 kV package circuit breakers. This design
would follow a more traditional design approach and
improve switching operations and/or maintenance on
the distribution breakers. An elevated control house
would be installed with new relaying, and the 69 and
13.8 kV breakers and control cabinets would be elevated
per the standard TECO design. An
SPCC berm is also recommended
for the power transformer. These
steps would help harden the

new substation against storm
surge flooding.
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Cost Benefit

Rebuilding the El Prado 69 kV Substation would be

a large capitol project at a cost of $5MM. This cost
would be justified by the operational and maintenance
improvements. Another significant improvement would
be the removal of the very old switchgear unit. If this
unit failed due to storm surge flooding or during normal
operation, the El Prado substation would be out of
service for several months and the load would have to be
back-fed by other substations. This configuration would
present other operational and reliability issues. The cost
of rebuilding the El Prado substation is beneficial due

to the improvements in operations, maintenance, and
customer service.

El Prado 69 kV Substation

REBUILD SUBSTATION WITH OPEN-AIR DISTRIBUTION CIRCUIT BREAKERS

Project Cost Estimate

Below is a high-level, budgetary cost
estimate (+/- 25% accuracy) for the
alternative El Prado project.

Demolish and Re-grade Substation $250,000 $500,000
Elevated Control House $2,000,000 $320,000
69/13 kV Transformer $900,000 $210,000
69 kV Circuit Switcher $50,000 $80,000
Four (4) 13 kV Circuit Breakers $100,000 $190,000
Foundations and Steel Structures $300,000 $100,000
$3,600,000 $1,400,000

Total $5,000,000
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4.5 Project 5

Alternative Project: El Prado 69 kV Substation

Replace Switchgear Unit

As an alternative to replacing the switchgear unit at El
Prado, The El Prado 69 kV Substation located in south
Tampa in a well established neighborhood. It sits inside
the FEMA 100-yr floodplain and is located ~1 mile from
the Tampa Bay.

This substation has a 69 kV circuit switcher, a power
transformer, and an old 13.8 kV Switchgear unit. El Prado
has four (4) distribution circuits feeding approximately
4,700 direct customers.

If flooding occurs at El Prado due to storm surge, the
control house and switchgear unit could be damaged
and load would not be served from this substation. The
switchgear unit is a long lead-time item so the service
outage could be for an extended amount of time.

HDR recommends replacing the switchgear unit with a
newer design on an elevated platform similar to recent
installations on the TECO system. HDR also recommends

elevating the control house on a platform or concrete slab.

These improvements will harden the substation against
storm surge flooding and improve the reliability of service
to the TECO customers in the area.

Alternative Project Cost Estimate
In the table to the right is a high-level, budgetary cost
estimate (+/- 25% accuracy) for the El Prado project.

Cost Benefit

The El Prado project is a large capital project and so

the benefit to Tampa Electric and its customers should
be great enough to justify that cost. The $5.3MM cost

is justified by the improvements to the reliability of
service to customers in the area. It also replaces an

older switchgear unit that is less safe to operate than the
newer units installed on the TECO system. In the event of
storm surge flooding, if the older switchgear at El Prado
is flooded and needs to be replaced, the lead-time on the
new switchgear unit could be very long and the customer
load would be served from other substations which
could present operational issues. The cost of replacing
the switchgear unit at El Prado is beneficial due to the
customer service and safety improvements.

This project improves the Customer Service and Safety
scores of El Prado and moves the substation to the right-
hand side of both scorecards into an acceptable range.

El Prado 69 kV Substation

REPLACE SWITCHGEAR UNIT

Replace Switchgear Unit $2,500,000 $480,000
Elevated Control House $2,000,000 $320,000
$4,500,000 $800,000

Total $5,300,000
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4.6 PROJECT 6

Skyway 69 kV Substation
Replace 13.8 kV Circuit Breakers and
Elevate Control House

The Skyway 69 kV Substation is located adjacent to the
Tampa International Airport and serves critical load at
that facility. It sits inside the FEMA 100-yr floodplain and
is located % mile from the Tampa Bay.

This substation has two power transformers, 69 kV circuit
breakers, seven (7) distribution circuits and a control
house. Three of the distribution feeders serve the Tampa
International Airport.

The control house at Skyway sits at ground level
and nine (9) of the 13.8 kV circuit breakers are older,
oil-filled breakers.

To harden the Skyway 69 kV Substation against flooding
in a storm surge event, HDR recommends replacing

the oil-filled 13.8 kV circuit breaker with a gas insulated
package breakers per the TECO
standard design.

Substation Hardening Study | Substation Hardening Projects I‘)?
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during a storm surge event that brings flooding to
the area.

Project Cost Estimate
In the table below is a high-level, budgetary cost estimate
(+/- 25% accuracy) for the Skyway project.

Cost Benefit

The Skyway project is a large capital project at $3.5MM
and will improve the reliability of service to TECO
customers in the area, including critical load at the
airport. It also improves the environmental safety of the
substation by removing older 13.8 kV oil-filled circuit
breaker and replacing them with newer units. The cost
of replacing the circuit breaker and elevating the control
house at the Skyway 69 kV Substation is beneficial

due to the increase in reliability for critical load and
environmental safety improvements.

This project improves the Customer Service and
Environmental scores of Skyway and moves the
substation to the right-hand side of both scorecards into
an acceptable range.

Skyway 69 kV Substation

REPLACE 13.8 KV CIRCUIT BREAKERS AND ELEVATE CONTROL HOUSE

HDR also recommends installing a new
control house on an elevated platform
or concrete slab. There is space at the
south end of the substation for this

modification to be made.

This substation project would increase

Elevated Control House $2,000,000 $320,000
9 gty 13.8 kV Circuit Breakers $730,000 $450,000
$2,730,000 $770,000

the reliability of service to the airport

Total $3,500,000
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4.7 PROJECT 7
Desal 69 kV Substation

Elevate Control Enclosure

The Desal 69 kV Substation is located adjacent to the Big
Bend Generation Facility. It sits inside the FEMA 100-yr
floodplain and is located approximately 1 mile from the
Tampa Bay. This substation serves critical load at the Big
Bend Generation facility.

This substation has a power transformer, a 69 kV circuit
switcher and three (3) distribution circuits. The control
cabinets inside the substation are not elevated and sit at
ground level.

To harden the Desal 69 kV Substation against flooding
in a storm surge event, HDR
recommends replacing elevating the
control cabinets.

This substation project would increase
the reliability of service to the Big Bend
area during a storm surge event that
brings flooding to the area.

Substation Hardening Study | Substation Hardening Projects
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Cost Benefit

The Desal project is a smaller capital project at $700,000
and will improve the reliability of service to TECO
customers in the area, including critical load at the Big
Bend Generation facility. The cost of elevating the control
enclosure at the Desal 69 kV Substation is beneficial due
to the increase in reliability of service to the critical load in
the area.

This project improves the Safety and Cost scores of
Desal moves the substation to the right-hand side of both
scorecards into an acceptable range.

Desal 69 kV Substation
ELEVATE CONTROL ENCLOSURE

$400,000 $300,000

Project Cost Estimate

In the table below is a high-level,
budgetary cost estimate (+/- 25%
accuracy) for the Desal project.

$400,000 $300,000

Total $700,000
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4.8 PROJECT 8

MacDill 69 kV Substation
Install New SPCC Systems for Power

Transformers

The MacDill 69 kV Substation is located adjacent to
MacDill Air Force Base and feeds critical load at that
facility. It sits inside the FEMA 100-yr floodplain and
is located approximately 1 mile from the Tampa Bay.
This substation serves critical load at the Big Bend
Generation facility.

This substation has two power transformers, 69 kV circuit
breakers, two (2) distribution circuits and an elevated
control house.

To harden the MacDill 69 kV Substation against flooding
in a storm surge event, HDR recommends installing

new SPCC systems for the two power transformers that
include -3 ft concrete walls. The 3 ft wall may protect the
transformer in a flood event related to storm surge by
preventing flood water intrusion into
the transformer control cabinets. This
modification has a twofold benefit

of hardening the substation and
improving environmental protection.

This substation project would increase
the reliability of service to the south
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to mitigate the environmental impact due to storm
surge flooding.

Project Cost Estimate
In the table below is a high-level, budgetary cost estimate
(+/- 25% accuracy) for the MacDill project.

Cost Benefit

The MacDill project is a smaller capital project at
$700,000 and will improve the reliability of service to
TECO customers in the area, including critical load at the
MacDill AFB. The cost of installing new SPCC systems

for the transformers at the MacDill 69 kV Substation is
beneficial due to the increase in reliability of service to the
critical load in the area as well as environmental safety
improvements for capturing potential oil spills from the
transformer tanks rupturing.

This project improves the Customer Service and Cost
scores of MacDill and moves the substation to the right-
hand side of both scorecards into an acceptable range.

MacDill 69 kV Substation

INSTALL NEW SPCC SYSTEMS FOR POWER TRANSFORMERS

Tampa area during a storm surge event
that brings flooding to the area.

HDR also recommends replacing
the oil-filled 13 kV Circuit Breaker

Install two SPPC Systems for $200,000 $375,000

69/13 kV Transformers

13 kV Circuit Breaker $75,000 $50,000
$275,000 $425,000

Total $700,000
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Maritime 69 kV

Substation

Replace 13.8 kV Circuit
Breakers, Install New
Transformers and Elevate
Control House

The Maritime 69 kV Substation is

in the FEMA 100-yr floodplain and
0.3 miles from a canal/drainage
feature discharging into Tampa

Bay. This substation has two power
transformers, a 69 kV circuit
switcher, four (4) distribution circuits
and a control house. This substation
feeds critical port fuel load as part of
it's approximately 38 MVA of load.
For this reason it scores very high on
the Customer Service scorecard as
seen on page 12. The control house
at Maritime sits at ground level and
the four (4) of the 13.8 kV circuit
breakers are older and sit close to
the ground as well. The two 69/13
kV transformers are older units and
susceptible to failure in the event of
storm surge flooding.

To harden the Maritime 69 kV
Substation against flooding

in a storm surge event, HDR
recommends replacing the control
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house with an elevated house on an
elevated platform or concrete slab
with new relaying, replacing the four
(4) 13 kV Circuit Breakers and the
two power transformers with newer
units with SPCC designs with 3-foot
walls that.

This substation project would
increase the reliability of service
to the critical port fuel load during
a storm surge event that brings
flooding to the area.

Project Cost Estimate

Below is a high-level, budgetary cost
estimate (+/- 25% accuracy) for the
Maritime project.

Cost Benefit
The Maritime project is a larger
capital project at $4.5MM and will

improve the reliability of service

to TECO customers in the area,
including critical fuel load at the port.
It also improves the environmental
safety of the substation by removing
older oil-filled transformers and
replacing them with newer units with
SPCC systems that can potentially
keep storm surge flooding at bay. The
cost of replacing the circuit breakers,
69/13 kV transformers and elevating
the control house at the Maritime

69 kV Substation is beneficial due

to the increase in reliability for
critical load and environmental
safety improvements.

This project improves the Customer
Service and Cost scores of MacDill
and moves the substation to the
right-hand side of both scorecards
into an acceptable range.

Maritime 69 kV Substation

REPLACE 13.8 KV CIRCUIT BREAKERS, INSTALL NEW TRANSFORMERS AND ELEVATE
CONTROL HOUSE

Elevated Control House $2,000,000 $320,000
Two (2) 69/13 kV Transformers $1,600,000 $290,000
Four (4) 13 kV Circuit Breakers $100,000 $190,000

$3,700,000 $800,000

Total $4,500,000
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5.0

Conclusion

Tampa Electric Company sought out to determine the impact of storm surge flooding and for ways to harden twenty-
four (24) of its substations against those flood events. HDR, Inc. performed desktop studies, site visits and built a
cloud-based GIS platform to perform this analysis. After collecting this data, HDR then created a scoring methodology
to rank and prioritize the substations based on several criteria. The result of this effort was a series of scorecards. These
scorecards were used to develop nine (9) substation projects to harden the TECO system. The total cost for these
projects is estimated to be $28.8MM and include three (3) transmission projects and six (6) distribution projects. The
transmission projects are designed to harden those substations and increase grid stability by maintaining the critical tie
points between the 230, 138 and 69 kV systems. The six (6) distribution projects harden the substations and improve

reliability of service to the load served in the area, including critical load to south Tampa, Tampa International Airport, the
Big Bend generation facility, and MacDill AFB.

The TECO system in Hillsborough County was studied for the impact of storm surge flooding and several projects were
developed to harden substations in this region to improve grid stability and reliability of service.
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TECO SUBSTATION CONSEQUENCE SCORES
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S L Conseg::r::! Score

34 Big Bend 230kV 2.64
464 Big Bend Solar 69kV 1.68
154 Cypress Street 1.64
422 Desal 1.50
44 El Prado 1.25
91 Estuary 1.55
226 First Street 1.76
129 Gannon 230kv 230/138kV & 230/69kV 291
268 Harbour Island 1.69
2 Hookers Point 138/69kV 2.00
Interbay 1.56

80 Jackson Road 230/69kV 1.74
23 MacDill 1.66
81 Manhattan 1.58
164 Maritime 1.48
31 McKay Bay Cogen 1.58
265 Meadow Park 1.78
242 Miller Mac 1.61
39 Millpoint 69kV 1.48
75 Port Sutton 1.76
160 Rocky Creek 1.63
140 Skyway 1.63
12 South Gibsonton 190
159 Twelfth Avenue 1.44
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