A DISTRIBUTION
SUBSTATION

Options and considerations

Digital Object Identifier 10.1109/M1A45.2015. 2459098
Date of publication: 27 April 2016

1077-2618/16©2018IEEE




and tie-ins. Aspects such as safety, capacity, expandability,
and cost must also be considered to ensure that the
installed design offers real, long-term benefic and value
to the organization.

Although the absolute minimum equipment sizes and
ratings can always be determined, it is more valuable to
find the best balance between preinvestment and costs.
This article will describe some of che options and consid-
erations that were evaluated at che discribution substa-
tion level for a large petroleum refinery and how those
decisions led to a degree of standardization for the elec-
trical configuration.

The focus of this article is on the discribution substa-
tion level. Design considerations, equipment and con-
struction options, and a per-unit cost comparison will be
discussed. Careful planning at this level in the system will
help ensure that future expansions and investments will
align with these upgrades. Any extra preinvestment
money spent offers long-term benefits to safety, reliability,
maintainability, and expandability.

The Master Plan
This facility’s master electrical plan (MEP) allowed its
substation options to be evaluated. The MEP is a plant-
wide, comprehensive plan that guides the development
of preliminary parameters, boundary conditions, and
standardization concepts for electrical power upgrades
throughour rhe facility,

The MEP was developed by a diverse group of stake-
holders, including engineers, technicians, maintenance
and reliability personnel, and project
managers. Its primary purpose was

The main substation receives the incoming utility
power and delivers that power to distribution substa-
tions Jocated throughout the plant. The distribution
substations then supply the power to various utilization
substations or load centers (i.e., switch racks and motor
control centers) located wichin or near the refinery pro-
cess units, The distribution substations form the link
between the plant’s main substation level and the final
utilizacion level. This facility was initially constructed
with three main substations and ten distribution sub-
stations. Today, there are 15 distribution substations.

The original distribution substations were installed in
a primary selective, secondary radial configuration. A
typical representation of this configuration is shown in
Figure 2. During MEP development and evaluation at
the distribution substation level, it quickly became obvi-
ous that the primary selective system contained a num-
ber of limitations that did nor align with the long-term
goals and objectives of the facility. The IEEE Recommended
Practice for Electric Power Distribution for Industrial Plants
(IEEE Red Book) {1} was consulted to examine various
electrical system topologies and consider their inherent
advanrages and disadvantages. Some of the limitations
of a primary selective, secondary radial system include
the following:

8 Reliability: Numerous single points of failure exist
(e.g., a single primary selective switch, a single
rransformer, a single bus, a single main breaker, and
cable terminations). A failure at an inappropriate
location on this electrical system will impace all

to promote awareness of electrical
infrastructure; evaluate how key LNI
decisions could promote real, long-
term value; and provide the basis for
future substation specification and
design parameters.
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It can be very difficult for a plant
electrical engineer to convince proj-
ect managers and funding gatekeep-
ers that certain aspects of an electrical
substation offer real, long-term
value. Therefore, electrical equip- [
ment replacement and upgrades are
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difficult to fund. The extra investiga-
tions and discussions that took place
during MEP development at this
particular petroleum plant allowed
for a thorough, comprehensive analy-
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System Topology

The existing planc’s electrical distri-
burion system can be broken down
into chree distinct levels: 1) main
substations, 2) distribution substa-
tions, and 3) utilization substations. A
simplified, overall block diagram of
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these three levels is shown in Figure 1.

The plant's electrical distribution levels.
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The existing plant primary selective, secondary radial
distribution substation.
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loads directly connected beyond that point and has
the potential to impact others due to the interrelat-
edness of refinery process unit loads.

Poor Unit and Load Segregation: With only a single
transformer and a single bus, there is almost no abil-
ity to group associated downstream loads in a man-
ner chat aligns with operational and maintenance
needs (such as separation of process equipment
mains and spares).

W Limited Expansion Capabilities: Beyond the constraints
of available plot space, foundations, and the like,
attempting to expand a single-bus system requires a
complete shutdown of the entire bus and, hence, a
total interruption of power to all the respective con-
nected loads.

B Maintainability: The system does not allow for
planned maintenance withour a total shutdown or
temporary installation of a generaror for all connect-
ed loads.

Although the primary selective, secondary radial design
has served the facility well and was what the original
refinery was builc to 40 years ago, many large industrial
systems today use the double-fed secondary selective sys-
tem, also known as a main-tie-main configuration.

The main-tie-main configuration adds additional cost and
complexity to the design. Typically, the added cost includes
an additional transformer, an additional main breaker, and
the addirion of tie breakers and any associared bus transfer
relays and logic. However, the advantages it brings are sig-
nificant compared with the primary selective syscem:

B Reliability: The main-tie-main configuration elimi-
nates numerous single points of failure.
8 Load Segregation: Main and spare loads can be separat-
ed and fed from different buses to allow continuous
process operation in the event of a bus failure or
maintenance outage. Alchough a planned bus out-
age requires careful planning downstream ac che
load center level, planned maintenance can be car-
ried out with a double-bus configuration.
Expansion Capability: Only a portion of the switch-
gear, usually a single bus, needs to be taken out of
service for lineup expansion.
Maintainability: Portions of the electrical system can
be taken down without an interruption in service to
the plant,
Cost: Although the initial cost of a main-rie-main is
higher than a primary selective, secondary radial
system, the total interruption time on downscream
loads can be greatly reduced, allowing for much
quicker equipment restarts and restoration of nor-
mal plant operacions.

Because of the overwhelming advantages of the
main-tie-main configuration, the first decision made
at the distribution substation level was to standardize
the basic arrangement. Once thar decision was made,
other, more specific, considerations and options
were evaluated.

T

=

Disfribution Substation Options

A properly selected distribution substation can become
the backbone of the power system network. It can create
main substation extensions, be called upon to do critical
bus transfer operations, be laid out to enhance and maxi-
mize maintenance accessibility, and play a crirtical role in
maincaining power to downstream systems. Proper
design will minimize operational interruptions and max-
imize plant uptime.

Some key considerations when trying to standard-
ize, plan, specify, or design at this level include the
following:

m whether indoor or outdoor equipment will be used

® whether the substation will be prefabricared or built on

site

m whether the substation will be elevated or constructed

on grade

# equipment standardization

m hearing, vencilating, and air conditioning (HVAC);

purge; and pressurization units

8 supervisory control and data acquisition (SCADA) and

control systems.
The above categories were considered and evaluated as
part of the MEP development for this particular refin-
ery, based on a cost—benefit analysis, available plot
space, perceived reliability, and ocher factors. Although
standardization is important, it is just as important to
realize that every replacement project is unique. The
size, configuration, and options selected for a substation
should be chosen to add the most value to the overall
goals and objectives of the plant and che specific proj-
ect. Although each distribution substation replace-
ment will not follow all guidelines every time, for che




majority of replacements, the plan
developed and described herein
may be seen as a starting point for
distribution substations.
100% I
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The original substations installed at 80% |
the facility in 1971 were all outdoor-
. - 70"/5
rated lineups with slab-on-grade con- \
scruction. Although these have served 60% |
the plant well for more than 40 years, 50% |
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An IEEE Petroleum and Chemical
Industry Committee (PCIC) paper
presented in 2010 [2] provides
insight on when to replace aging
transformers. Although trying to predict the exact day of
failure is almost impossible, there have been numerons
studies conducted depicting average or probable failure
rates. One study conducted by an IEEE Transformer
Committee {31 developed che failure graph shown in
Figure 3. The magnitude of the actual failure rate by
year is not necessarily the most important part of this
graph; the slope of the failure line is more important. At
abour 40 years, this slope dramatically increases, which
means the probability of failure increases.

There is more to consider than probability of fail-
ure and life expectancy when it comes to older
equipment. Obtaining spare parts
becomes more difficult as time pass-
es and systems age.

Many petroleum refineries have
developed and established their own
risk-analysis tools and matrices. The
matrices are typically composed of two
categories: probability and severity. At
the distribution substation level, with
a primary selective, secondary radial
design, any failure represents high
severity in plant operation and may
impede the ability to conduct safe and
orderly shutdowns. In addition, electri-
cal power loss can translate to signifi-
cant profit loss.

The interruption of plant operation,
the inability to complete regularly
scheduled maintenance, and the effects
of corrosion created by the outdoor environment all came
together to make replacements increasingly necessary ar this
particular plant. Because the plant was originally construct-
ed—and had been operating for several decades—with out-
door-rated equipment, one of the first criteria considered
was the benefits of indoor- versus outdoor-rated equipment.

SUBS

RAIN, WIND,
- TEMPERATURE,
~ AND HUMIDITY
ARE IMPORTANT

~ FACTORS TO
| CONSIDER WHEN
PLANNING A

A failure probability curve for utility fransformers.

Specific Considerations

Indoor- Versus Outdoor-Rated Equipment

Rain, wind, temperature, and humidity are important
factors to consider when planning a substation. After
evaluating the outdoor equipment in terms of mainte-
nance and reliability, this plant decided chat placing all
equipment indoors would make maintenance, trouble-
shooting, and rtie-ins more manageable and tolerable.
Although having a separate building with indoor equip-
ment does have some obvious advantages, other factors,
such as project costs, had to be carefully considered as
well; specifying separate buildings
with indoor gear as opposed to out-
door equipment poses a significant
financial impact.

The decision to use indoor equip-
ment and separate buildings also
applies at the main substarion Jevel and
at the utilization or load center level.
As part of the MEP, the plant is con-
ducting downstream upgrades and
expansions with indoor-rared medium-
and low-voltage motor control centers
in lieu of outdoor-rated switch racks.

Prefabrication Versus

Building On Site

Prior to adopting the MEP, almost all
substation replacements at the facility
were for buildings constructed on site.
Therefore, the prefabrication option was carefully consid-
ered during MEP development. In the prefabrication
approach, the building is constructed, and the interior
switchgear, SCADA, alternating current/direct current
(ac/dc) power distribution, and the like are assembled
together, usually ac the building fabricator’s site. The

TION.
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(a) A substation with (b) an underground basement. (Used
with permission from BP.)

build-on-site option means that the physical building is
constructed on site, and then all of the ancillary systems
and main switchgear are installed and connected. The pri-
mary differences between the two possible scenarios,
including the pros and cons of each, were considered, and
eventually the prefabrication option was selected. Three
key considerations drove the decision.

1) There would be less actual in-plant construction.
Depending on the location and labor specifics, on-
site construction can easily add to the overall cost per
square foot. Additionally, more field-labor hours
inherently bring more on-site safety risks.

2) More complete testing could be conducted at the fac-
tory prior to shipment. With prefabrication, systems

that are interrelared, such as switchgear and SCADA,
are tested at the fabricator’s facility, and the bugs are
worked out prior to arrival at the plant site.

3) The switchgear would not have to be disassembled

and shipped to its final destination after a factory
test ar the switchgear manufacturer’s facility. A
prefabrication design may require shipping splits,
depending on the size and quantity of transporta-
tion modules, but with careful layouts, the swicch-
gear can be completely contained within a
shipping module and thus maintain all internal
equipment wiring.

Even with the prefabrication approach, there is scill a
lot of plant-sice construction needed to interconnect mod-
ule shipping splits, install and connect exterior equip-
ment (such as transformers and bus ducts), and complete
all site-acceptance testing and commissioning exercises.
Although the prefabrication option was chosen for this
plant, careful planning, engineering, and scheduling are
still crucial. Attention to transportation logistics, lifting
plan development, and continuous coordination with
the fabricaror and state and local jurisdictions are all
essential to help ensure that the substation modules
arrive at the facility immediately ready to lift and set
upon the foundation.

Elevated Versus On-Grade Construction

The original substations installed at the facility in 1971
were all outdoor-raced equipment with slab-on-grade
construction. Before the MEP adoption, the substations
that were replaced were constructed with indoor-rated
equipment in buildings built on site with full under-
ground basements. Over time, it became obvious that
significant funding allowance and schedule durations
were required for this type of construction, primarily due
to the tremendous amount of earthwork involved and the
subsequent hazards (e.g., shoring and confined space
issues). Figure 4 shows a substation at the facility with a
full underground basement.

The issues given previously, combined with the fact
that new feeders into or out of the substation are rarely
added, created an environment to study other more cost-
effective means of supplying loads. Overhead routing,
solid slab foundations with conduit stub-ups, partial ele-
vation with cable trays, full elevated construction, and
other options were all considered and evaluated.

The vast majority of MEP participants were fully sup-
portive of a full elevated approach in lieu of a partial-eleva-
tion or slab-on-grade concept. The primary factors that
influenced this decision were the ease of future cable
installation and design flexibility, along with underground
cable routing. However, elevated construction is more
expensive than slab-on-grade construction, typically
requiring piles and pillars or piles and grade beams. The
extra cost is associated mainly with the exterior walls and
the extra effort required to form and pour support pillars.
The MEP estimare comparisons for a 30-ft-wide by 80-ft-
long prefabricated substation with four shipping split
modules indicated that elevated construction would be
approximately 33% more costly than slab-on-grade con-
struction. For a pile and pillar foundation, the cost would




be in the range of US$120,000-US$140,000. Eventually,
the decision was made to standardize on an elevated sub-
station with an enclosed, above-ground basement.

The first distribution subsration module was designed
and placed on columns that were 6 ft, 10 in above the
finished grade. All incoming and outgoing conduits were
routed under the daylight basement floor and stubbed up
directly below the subject switchgear. This type of con-
struction minimized shovel time, allowed for underground
cables to easily transition up into the electrical equipment,
and avoided below-grade water and confined-space classifi-
cation ISSUes.

Figure 5 shows the elevated construction method; note
the fully enclosed daylight basement. During design, it
was decided to include a fully enclosed basement instead
of an open one. This decision was driven primarily by the
local weather patterns and vermin in the area that fre-
quently build nests or chew on power cables. Although
there are walls berween the perimeter support columns,
they do not structurally support the upper substation
module and are therefore fairly cost effective to install.

Equipment Standardization

Equipment standardization was one of the most important
considerations when designing a substation. Of the equip-
ment considered, transformers and switchgear were the
most important. Note that the standardization was not
original equipment manufacturer oriented but rather was
based primarily on the transformer voltage and kilo-
voltampere ratings as well as the switchgear bus ampacity
and short circuit dury withstand ratings. Another consid-
eration regarding the switchgear was whether or not to
specify arc-resistant construction.

The actual cost of arc-resistant switchgear over standard
construction depends on the switchgear voltage level and
the number of cubicles (or breakers) that are contained in
the lineup. As a general rule, arc-resistant construction
costs about 10% more per unit. For the most part, arc-
resistant switchgear does not require much more attention
to detail than standard switchgear, with the exception of
the exterior blast vent.

The primary focus of arc-resistant switchgear is to pro-
tect nearby personnel from the byproducts of an arc-faule
event. Typical 5- and 15-kV switchgear lineups require a
large plenum space to handle the rapidly expanding gases,
pressures, temperatures, and metal fragments (i.e., shrap-
nel) resulting from an arc-flash event. Blast plenums, as
shown in Figure 6, are usually installed along the top of
the switchgear and directed to vents on the building’s
exterior wall. Although the plenums and vents by them-
selves are not concerning, the expulsion of hot gases and
shrapnel is significant.

Switchgear manufacturers recommend an isolation
zone surrounding exterior blast vents. It is suggested
that this zone be kept free of personnel, sensitive equip-
ment, and other items that may impede gas expulsion
from the vent, become damaged, or result in an injury
should an event occur. For this application, the isolation
zone can be thought of as a cylinder that is approximate-
ly 5 fc in diameter and extends 7 fr out from the exterior
blast vent location.

() “ El

(a) A substation with (b) an above-ground basement. (Used
with permission from BP.)

A switchgear blast plenum. (Used with permission from BP.)

Since the arc-resistant switchgear design was standard-
ized, other personnel safety factors had to be considered.
For this facility’s elevated construction approach, consid-
ering the environmental factors of wet weather and the
arc-flash isolation zone, panels on the building exterior
allowing access to the outgoing termination compart-
ments of the 5- and 15-kV switchgear were not installed.
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An isolation zone for blast vents. (Used with permission
from BP.)
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A warning for blast vents. (Used with permission from BP.)

Instead, this gear was housed completely inside the build-
ing with enough space (approximately 4 fr) from the rear
of the equipment to the building’s exterior wall. This
allowed for de-energized work, including incoming and
outgoing rerminations, to be done inside, away from
environmental factors and not requiring exterior compart-
ment access (via grade or platform) next to potential blasc
vents. Additionally, since the space directly below the
blast vents could contain hot metallic particles carried by
the rapidly expanding gases, the area was fenced off to
keep personnel and flammable products out of harm’s way
(Figures 7 and 8).

For the cransformers, standard kilovoltampere sizes
were selected for 480-, 2,400-, and 4,160-V secondar-
ies. Even among different original equipment manu-
facturers, this standard base-rating selection results in
more consistent physical dimensions, similar second-
ary faulc current values, and more consistent termina-
tion points. While developing the MEP, a thorough
load evaluation was conducted throughout the facility
to derermine the best value of kilovoltampere stan-
dardization, and the best midrange value was selected.
In che cases in which the load is larger than che
standard kilovoltampere size, more transformer and
switchgear lineups may be added. In the cases in
which the load is significantly smaller, smaller kilo-
voltampere transformers may be used. The real benefit
results from finding the best balance berween cost
and value.

As mentioned, arc-resistant switchgear construction
is the standard, but other critical aspects were decided
while planning a substation as well, e.g., bus and break-
er ratings, which were influenced primarily by the
transformer selection described previously. Standardiz-
ing the bus and breaker ratings allows for less spare
inventory and better consistency between similar discri-
bution-type substations. Other details of the switchgear
lineups were also included in the plan, such as the need
to use consistent, solid-state, protective relay models
and two-tie breakers.

When a two-tie breaker concept is presented, it usu-
ally falls into one of two categories: old news or noth-
ing new. It can be hard to understand why a lineup
should have two ties; after all, the term main-tie-main
implies only one tie. The addition of a second tie,
although not inrtuitively obvious, becomes clear when
considering the ability to take a complete bus, includ-
ing the tie, offline for maintenance or inspection.
Under a typical main-tie-main configuration with a bus
transfer scheme, the tie breaker needs to be as smart
and reliable as the mains; that is, it is called to do spe-
cific operations under bus transfer conditions similar to
the main breaker. Unfortunately, this single (smart) tie
is associated with both buses, and, since it is equally as
lmportant as any respective main, it cannot be placed
totally out of service for maintenance and testing with
respect to the horizontal bus connections. With the
addition of a second tie (main-tie-tie-main), the active
(smart) tie and its associated horizontal bus work can be
completely isolated.

The final, and possibly most critical, item discussed
regarding the equipment standardization was the inclu-
sion of a 15-kV switchgear lineup at the distribution
substation level. Many possible scenarios were evaluated
regarding handling the incoming 15-kV power from the
main substations. The configuration of daisy chaining
individual primary selective switches that directly supply
transformers and using a group lineup of primary fused
disconnects were considered.

The additional cost of using 15-kV switchgear played a
major part in the evaluation. The addition of a 15-kV
switchgear lineup, while offering many advantages, signif-
icantly adds to the overall cost of a distribution substation




compared with a fused-switch assembly with two
incoming sources and a normally open tie section. The
final costs can vary based on the complexity of the design
(e.g., bus transfer schemes and single versus two ties) and
the number of feeder sections. In general, specifying the
15-kV switchgear added approximately 350% more initial
cost than a fused-switch lineup.

Eventually, through careful evaluation, the standard
included the 15-kV switchgear. Alcthough the inclusion
added a significant cost to the distribution substation,
the benefits of having a main substation extension
at the discribution level are numerous, including
the following:

® easier implementation of selective coordination between
the upstream main substation feeder breaker and the
incoming main breaker on the substation switchgear
the ability to implement a higher-level, automatic bus
transfer scheme that maintains better downstream load
distribution if an incoming feeder fails
the ability to easily expand a distribution substation
should future transformers and switchgear be required
= the capability to supply large electric mortors directly at

15 kV or at a lower voltage level via a captive transformer
# the reduction of the total number of substation breakers

at the main substation level by extending the 15-kV

switchgear down to the distriburion subsrarion level

]

:‘m

easier 1mplementat10n of transformer differential
protection by having the trans-
former feeder breaker close to the
transformer and secondary switch-
gear, providing a good zone of
protection with rapid tripping
characteristics and significantly
lowering arc-flash incident energy
levels and resulting personal pro-
rective equipment requirements.

The transformer differential protec-
tion can be difficult to implement if
the transformer is supplied directly by
a fused disconnect switch or a feeder
breaker from a main substation some
distance away. By having a 15-kV line-
up at the distribution substation level, both primary and
secondary breakers can be included within the differential
zone, thereby completely isolating the transformer from
the line and load side. A simplified diagram of this differ-
ential scheme is shown in Figure 9.

HVAC, Purge, and Pressurization Units

Some degree of heating and cooling will be required in
almost every building, including unoccupied buildings that
house only electrical equipment. In addition, controlling dust
and moisture is paramount to minimizing electrical problems
and maximizing equipment longevity. A 2010 IEEE PCIC
paper [4] documented the principal failures of switchgear as
mechanical and dielectric breakdowns. The main culprits
were temperature, humidity, and contamination.

In addition to maintaining a clean, dry, and tempera-
ture-controlled environment, petroleum refineries are
continually undergoing upgrades and expansions, and
plot space is becoming increasingly important and scarce.

'COMES DOW'N
TO FINDING THE

BEST BALANCE
BETWEEN COST
AND VALUE.

52 52
15 kV | i \
1,200: 5 » £1,200: 5
52 52
> 87 87 j
\AAA LA A
BEYREYEN (YA
52 52
3,000! 5 ¢ i 3.000: 5
5kV, 480V 52 d

The transformer differential protection.

Since the electrical equipment at the substation discribu-
tion level cannot be made with NEMA 7 explosion-proof
techniques and cannot be constructed from hermetically
sealed or intrinsically safe components, a purge-and-pres-
surized method for declassification is usually the only
means available for placing a distribution substation in or
near a classified area.

Beginning with the end in mind,
this plant’s stakeholders carefully
considered hazardous classification
boundaries. They reviewed and eval-
uated the National Fire Protection
Agency's Standard for Purged and Pres-
surized Enclosuves for Electrical Equip-
ment (NFPA 496) {51, which applies
to purging and pressurizing build-
ings that contain electrical equip-
ment in areas that are designated
hazardous in accordance with Article
500 or 505 of NFPA 70 (National
Electrical Code) {6].

After carefully assessing the overall
refinery plot plan and analyzing the proposed distribution
substation locations, it became clear that some degree of
forward planning was necessary. Every distribution substa-
tion replacement project undergoes a thorough review of
existing and potential unit or process expansions during
the front-end or definition phase of the project. This deter-
mines the degree and extent of a hazardous area boundary,
now and in the furure. Substations that are going to be
located in an existing classified area adhere to NFPA 496.
For locations currently unclassified but deemed very likely
to be classified in the future, NFPA 496-rated equipment
is selected, but the installation may not yet fully comply
with the standard.

Regardless of the actual or possible future classification
boundary, some simple decisions were made during the
standardization development in this plant to prevent
major revamps and equipment changes in the future.
Some of the more obvious decisions included the require-
ment that all exterior building lighting and convenience
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receptacles be manufactured and installed in accordance
with a hazardous location classification. These are negligi-
ble cost increases and help with warehouse and spare-part
inventory, as these are typically the same type of fixcures
already selected and installed throughout the plant.

For this particular plant, HVAC and purge and pres-
surization equipment were to be selected in accordance
with NFPA 496 requirements. This was partly mortivat-
ed by inventory and equipment familiarity. The installed
cost for NFPA 496-rated equipment can vary depending
primarily on the building size and the extent of imple-
mentation. For a single unit that is built to NFPA scan-
dards (as opposed to a unit in a general-purpose area), the
equipment cost is approximately a 150-200% increase,
making the cost for a single unit in the range of
US$30,000-US$40,000.

Other items were given more scrutiny on a case-by-
case basis, including power distribution cransformers
and the actual installation of a stack for air intake of
the pressurization equipment. For distribution trans-
formers, the primary difference berween one manufac-
tured for a general-purpose area and one for a classified
area is the control cabinet (which may be general-pur-
pose or explosion-proof rated) and the condulet and
wiring methods. During the evaluations, it was found
that a cransformer constructed for a classified area costs
about 10% more than one fabricated for a general-pur-

noge environment

< POsc cnovironment.

A fransformer in a hazardous location. (Used with permission Like che NFPA 496 analysis, the specific requirement
from BP.) for transformers are carefully evaluated early in the
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A SCADA single-line representation.




Approximate
Per-Unif
Percentage

Descripfion Cost Increase

Elevated construction versus 35%
slab-on-grade construction

Arc-resistant switchgear versus 10%
standard switchgear

NFPA purge and pressurization
equipment versus standard unit

150-200%

Transformer classified area rated 10%
versus standard unit

15-kV switchgear versus primary 350%
switch
SCADA versus annunciator Varies

project development prior to final equipment specifica-
tion. The actual pressurization stack installation is also
evaluated. Although the purge and pressurization units
were specified and installed pursuant to NFPA 496, any
component omitted, such as a stack, can easily be inte-
grated in the future with minimal impact to substation
operation or capital cost.

As shown in Figure 5, chis particular distribution sub-
station was infringing on a hazardous location and was
consequently equipped with a purge and pressurization
unit fed from an air source (via the stack) taken ourtside the
classified boundary. Figure 10 shows a transformer for this
same substation equipped with a hazardous location-rated
control cabinet.

Supervisory Control and Data

Acquisition and Confrol Systems

The majority of existing distribution substations are
equipped with simple, window-type annunciator panels.
An output from the annunciator drives an exterior rotating
beacon and sends a trouble alarm to the plant operations
distributed control system. During the standardization
process, it became obvious that an annunciator-type alarm-
ing system was extremely limiting. Consequently, a fully
funcrional SCADA system is now specified and installed
for each discribution substation.

The new SCADA systems provide real-time event-
capture data and trending, use single-line graphical
representation of the overall substation and individual
lineups, and are configured for breaker control. In
addition, the alarm annunciator screen is now integrat-
ed within the SCADA system and displays critical
building, switchgear, and transformer alarm dara. Fig-
ure 11 depicts a typical single-line representation on a
SCADA system.

Like the 15-kV switchgear costs, SCADA system
costs depend on che number of items to be monirored
and the quantity of information to be captured. In gen-
eral, costs can range from US$200,000 to US$300,000

for a distribution substation with four switchgear line-
ups and six transformers.

Stakeholders recently recognized the need to integrate
each substation’s SCADA system into an overall plant
power-management network to bring all distribution
substation data to a central server location for remote
monictoring and alarm-event analysis. SCADA systems are
now being equipped with the network communication
necessary to tie in to the ever-expanding plant power-
management network.

Conclusion

With aging electrical equipment and a strong emphasis
on project drivers such as safety, reliability, and main-
tainability, many facilities are facing necessary replace-
ments of plant infrascructure systems, including che
electrical distriburion network. With a good plan and
sound decisions regarding standardization, equipment,
and construction techniques, long-term real benefit can
be achieved.

Many of the options and considerations made by this par-
ticular facility were assessed based on the value they brought
to the facility and the initial cost for that value. A summary
of the key considerations and inirial preinvestment values is
given in Table 1. The cost was a key element in determining
the specific features stakeholders and decision makers
deemed valuable and were willing to support. Initial invest-
ment can carry 2 weighted factor that is as large as or larger
than any other category, especially when project managers
and gatekeepers are involved.

The biggest lesson learned in designing a substation was
that, if proper analysis and justifications are made early,
they can save time and money later and help ensure that
what is done today will fic in well wich what is going to be
done in the future. This process results in a best practice/
best value concept that enhances key drivers and metrics
for the facility and all applicable stakeholders.
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