SECTION 7.0
STRUCTURAL AND ARCHITECTURAL SCOPE

This section covers the minimum scope and quality standards for the plant structural and

architectural facilities.
71 MATERIALS

7.1.1 Steel

Design of structural and miscellaneous steel shall be in accordance with the 1989
American Institute of Steel Construction (AISC) Manual of Steel Construction —

Allowable Stress Design.

Materials for structural steel and miscellaneous steel shall conform to the following
requirements of the American Society for Testing and Materials:

1. Wide Flange (WF) Shapes and Tees cut from WF: ASTM A992, Grade 50
2. M shapes, S shapes, Hp (Bearing Piles), Channels, and Angles: ASTM A36
3. Structural Plates and Bars: ASTM A36

Metal decking shall comply with SDI "Design Manual for Floor Decks and Roof Decks."

Structural steel grating shall be welded and galvanized and shall conform to ASTM
A569. Grating shall be banded at edges and openings with bars of the same size as the
bearing bars. It is recommended that one size grating be used throughout the Project.

Grating for exterior use shall be serrated.

Minimum stair tread width shall be uniform for full length of stairs. Rise and run of stairs
"shall be in accordance with local building codes, state requirements, the International
. -Building Code (IBC), and OSHA requirements.

. High strength bolts, nuts, and washers shall conform to ASTM A325. Galvanize bolts,
nuts, and washers when connecting galvanized steel members.

Anchor bolts shall conform to ASTM F1554, Grade 36. Anchor bolt sleeves shall

conform to ASTM A501.
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Anchor bolts shall be used for all structural and building columns, all major equipment,
and all vibrating equipment. Galvanize all anchor bolts exposed to the weather.

Steel pipe for handrail shall conform to ASTM A53, Type E or S, Grade B. Handrails for

exterior use shall be galvanized. ‘

All structural welding shall conform to the requirements of AWS D1.1.

Galvanizing, as specified herein, shall conform to the requirements of ASTM A123 or
ASTM A153, as applicable.

7.1.2 Concrete

Design of structural concrete shall be in accordance with the American Concrete
Institute (ACI) - "Building Code Requirements for Reinforced Concrete,” ACI 318.

An independent testing laboratory shall be retained by the Contractor to perform
acceptance sampling and testing of the concrete in the field. Sampling and Testing shall
be in accordance with ACI 301 and applicable ASTM procedures. Make at least one
strength test for each 100 cu yd, or fraction thereof, of each concrete mix placed in any
single day. Determine the concrete slump for each strength test sample and whenever
consistency of the concrete appears to vary. Determine air content of each strength test
sample. Record the ambient temperature and the concrete temperature for each

sample.

Minimum concrete strength classes for various structures shall be as follows:

Minimum Ultimate Compressive
Iltem .

Strength,(psi) (at 28 Days)
Subgrade leveling slab 2,000
All other construction 4,000

Reinforcing bars shall be deformed bars conforming to ASTM A615, Grade 60. Welded
wire fabric shall conform to ASTM A185.
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Cement shall be portland cement conforming to ASTM C150, Type | or Type Il, or Type
V, as necessary to comply with ACl 318 recommendations in Section 4.3 regarding

sulfate exposures.

The minimum cement content for 4000 psi mixes shall be 564 Ibs per cubic yard and tﬁe
maximum water cement ratio shall be 0.45 unless noted otherwise. Concrete shall be
homogeneous, readily placeable, uniformly workable and finishable, and shall be
proportioned to conform to ACI 211.1. Mix proportions shall be selected in accordance

with ACI 318.

Provide air entrainment for concrete permanently exposed to the weather. Total air
content shall be based on ACI recommendations for the type and size of aggregate used

iin the concrete.
Aggregates for normal weight concrete shall conform to ASTM C33.

Provide a housekeeping pad under all pumps and heat exchangers. Pad shall extend a
minimum of 6 inches above grade or slab, whichever is higher.

Provide a minimum of 1 inch of grout under all equipment, support structures, platform
supports, pipe supports and other structural supports that are mounted on concrete
foundations or concrete slabs. Apply grout in accordance with grout manufacturer’s

instructions.

All concrete trucks shall be rinsed out on site. Rinse material shall be properly disposed

of as spoils in road base.
7.2 STRUCTURAL LOADING
7.2.1 Dead Loads

Dead loads shall include all vertical loads due to weight of permanent structural and
nonstructural components, including permanent hung loads.

.7.2.2 Live Loads

" Live loads shall be in accordance with local codes, the 2003 International Building Code
(IBC) and the provisions of the Utah Uniform Building Standard Act Rules (R156-56)
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7.2.3 Wind Loads

Wind loads shall be in accordance with local codes, the 2003 International Building Code
(IBC) and the provisions of the Utah Building Standards Act Rules (R156-56). Basic
wind speed shall be 90 miles per hour. '

7.2.4 Seismic Loads

Seismic loads shall be in accordance with local codes, the 2003 International Building
Code (IBC) and the provisions of the Utah Building Standards Act Rules (R156-56).
Seismic acceleration parameters shall be in accordance with the IBC as follows:

SDs=0.74 g
SD1=0.38¢g

The soil profile type shall be determined by the Contractor based on the results of a
subsurface investigation, which shall be performed by the Contractor.

7.2.5 Thermal Loads

Buildings and structures shall be designed for forces and/or movements resulting from a
change in temperature. Induced thermal loads (i.e., thermal loads induced by equipment
operating temperatures) shall be considered in design of applicable structural elements.

7.2.6 Crane Loads

Crane loads shall be in accordance with the 1989 AISC Specification for Structural Steel
Buildings — Allowable Stress Design (ASD) and Plastic Design and Code of Standard
Practice for Steel Buildings and Bridges. Additional requirements for the turbine room
crane are listed under Section 7.5, BUILDINGS / STRUCTURES.

7.2.7 Vehicle Loads
' Design loading, for areas accessible to trucks, shall be (AASHTO) HS20-44.

Floors in buildings accessible to a forklift truck shall be designed for the forklift truck

wheel loads.
7.2.8 Pipe and Equipment Anchor Loads

Supporting structures shall be adequate to resist all pipe and equipment anchor loading
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under all design conditions, including seismic.
7.3 STRUCTURAL FOUNDATIONS

Type and depth of foundations required shall be as recommended by Contractor's
Geotechnical Engineer based on the existing subsurface conditions and the
geotechnical'studies. The foundation system used shall be piling, drilled shaft, spread
footing, or mat as recommended by the subsurface investigation report.

Foundations supporting rotating machinery shall be checked for resonant frequency and
isolated from other foundations using expansion joints.

The combustion turbine . generator foundations shall be isolated from surrounding
_building foundation mats and shall be designed such that no adverse dynamic response
or settlement occurs. The foundation shall satisfy the settlement, deflection, and
dynamic response criteria supplied by the equipment manufacturer.

The steam turbine generator foundation shall be designed for the following:
1. Static loading per Manufacturer's loading diagram.
2. Vertical impact load as specified by Manufacturer.

3. Area live load of 0.5 kip per square foot on all periphery beams at operating
floor, 0.3 kip per square foot at intermediate floor level, and 0.3 kip per

square foot on grating areas.

4. Torque, vacuum, horizontal impact, thermal and alignment loads per
Manufacturer's load diagrams.

5. Deflection shall be limited to values specified by Manufacturer under loading
conditions as specified.

Gas turbine foundations and steam turbine foundations shall include foundation imbeds
for anchoring and aligning the gas turbine generator. Gas turbine foundations shall
include fixators to facilitate alignments.

Electrical transformer foundations shall include fire walls as recommended by NFPA and

... "the Owners Insurance.

Foundations for hydraulic equipment and oil-filled transformers shall include concrete
slabs and curbs for containment of the largest spill plus fire water or precipitation from

the 10-year recurrence interval.
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7.4 ARCHITECTURAL

The architectural design of the buildings, sound attenuation, and all associated facilities
shall seek to optimize functional, aesthetic, and economic considerations; and minimize
the visual impact on the surrounding area. Safety and construction requiremehts vsh?ll
be in accordance with the requirements of applicable state and local codes. '

7.4.1 Siding/Panels

Exterior siding shall be steel wall panels. Insulation shall be installed between the
exterior surface panel and the interior surface panel. In areas susceptible to damage, an
interior liner panel shall be installed to 8' 0" above the walking surface.

Wall panels shall be designed to withstand the specified wind loading with
practical/economical support girt spacing.

Exterior face of wall panels shall be finished with an epoxy prime coat and a urethane or

polyurethane finish coat.

Interior liner panels shall be ceiling height and finished with siliconized polyester.
Owner to approve exterior and interior color selection. |

7.4.2 Roofing

Roofing shall be designed to withstand specified snow loading and wind loading,
including appropriate uplift. Roofing will be sloped metal.

Roofing shall be pitched not less than 1-% inch per foot and shall drain to a roof drain
system. Pitch shall be governed by local codes and standards.

7.4.3 Interior Construction Materials

In general, architectural finishes for each area shall be per the following table:

Room Name Floor Wall Ceiling
Steam Turbine Generator | mc Mwip ex
Building
Water Treathent mc Mwip ex
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Equipment Building

Electrical Equipment Room | mc cmup/mwip ex

CEMS Shelters mfg Std mfg Std mfg Std \ |

Floor Finishes: ' : .

cmc — sealed, cast-in-place concrete coated with coating resistant to battery acid

attack
mc - sealed, cast-in-place concrete
vct — reinforced vinyl composition tile
cft - unglazed ceramic tile
rcp — special raised composite panel floor
e Specialty coa'gings shall be applied in areas subject to acid or chemical spills
** Vinyl tile in Control Room shall be static dissipative type.
Wall Finishes: |
gbp —painted gypsum board on metal studs
mwilp - metal wall liner panel at pre-engineered building exterior walls
cmub - filled, painted concrete masonry
cwt - glazed ceramic tile over masonry or gypsum board
Ceiling Finishes: |
sap - lay-in grid, grid type, suspended acoustical panel (use moisture resistant type
in lockers and toilet areas)

ex - exposed to structure

Except where concrete unit masonry partitions are required, ceiling high interior
partitions shall be of metal stud and gypsum board construction. Where applicable,
metal stud partitions shall be insulated to reduce sound transmission.
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Hollow load bearing or non-load bearing lightweight concrete unit masonry or metal
stud/gypsum board partitions shall be provided in stairwells and electrical rooms where

required by Building Codes.

7.4.4 Platforms

Platforms, other than those within the scope of major equipment suppliers shall be
provided by the EPC Contractor. All platforms shall be designed and supplied with
handrail and toe-plate in accordance with OSHA standards. Ladders and stairs shall be
in accordance with local Building Codes, the IBC, and OSHA standards. See
Mechanical Scope, General Requirements, for the types of platforms required.

Provide self-closing, OSHA approved safety gates on all platform ladder openings.

‘Chain type safety gates shall not be used.

Fasten all grating to platform steel using Saddle clips and Nelson studs with nuts.

7.4.5 Stairs

Stair construction shall be open riser stair treads. Stair treads and platforms shall have

non-slip nosings.

Cross brace all stringers where the horizontal run exceeds 12 feet to provide lateral

stability.

Fasten stair tread to stringer with a minimum of two 3/8-inch bolts.

7.4.6 Handrail

Railings shall be 1-1/2-inch standard weight steel pipe, and posts shall be 1-1/2-inch
extra strong steel pipe, with welded joints, and ground smooth. The number of
horizontal rails on handrail shall match the existing Block 1 handrail.

. 7.4.7 Windows, Window Walls, Entrance Doors, and Louvers

.Windows and Window Walls — Window and window wall systems shall be anodized
. finished aluminum unitized framing systems with tinted, heat-treated, factory-fabricated,

double pane insulating low "E" glass. Color of anodizing shall be selected to match the
plant color system. Windows to areas which have possible explosive equipment failures

shall be wire safety type.
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1.

Louvers — Louvers shall be drainable, fixed-blade, manual or gravity
operating, weatherproof-type louvers, and shall include bird screens and be
finished in a color to match adjacent wall panels.

Exterior Doors

A. Personnel Doors — Exterior doors shall be flush panel type insulated steel
doors in pressed steel frames with weather stripping, weatherproof
saddles, closures, and kick armor plates.

B. Coiling Steel Doors — Coiling steel doors shall be insulated standard type,
motor operated, with manual chain-operated override, hood baffle,
weather stripping, and bottom seal. 4

Interior Doors — With the exception of acoustical, fire rated, and coiling steel
doors, all other interior doors shall be -1-3/4-inch thick, hollow metal flush
panel-type in pressed steel frames. Vision panels shall be provided where
appropriate. Interior doors to process areas shall have windows with wired
safety glass. ‘

7.4.8 Painting .

In general, all exterior and interior surfaces, except items furnished in manufacturer’s
finish or finish coat, shall be painted, including:

1.

All structural steel, piping, and miscellaneous steel (except surfaces to be
enclosed by concrete).

Surfaces of all ferrous metal.

All gypsum board. Gypsum board shall be painted in a semi-gloss acrylic
enamel latex coating system.

All concrete unit masonry. Concrete unit masonry shall be painted in an
acrylic latex system, unless a special coating is specified.

Stainless steel and galvanized steel shall not be painted.
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Protective Coatings

Component

Surface Prep.

Primer

Finish\ Coat

Interior Structural Steel
Building Framing, including

Organic
Zinc/epoxy, 3 to

Acrylic -
Polyurethane, 3 to

SSPC-SP6
Framing for Hangers and 4 mils DFT 5 mils DFT
Equipment
or Galvanized | or Galvanized
Organic | Acrylic
Misc. Steel. Interi SSPC-SP6 Zinc/epoxy, 3 to | Polyurethane, 3 to
15¢. Steel, Interior or ” 4 mils DFT 5 mils DFT
Exterior (handrail, stairs,
ladders toeplate) or Galvanized | or Galvanized
Organic Acrylic
Exterior Structural S rt SSPC.SP6 Zinc/epoxy, 3 to | Polyurethane, 3 to
&XFe"or, rfuc ;ra . ”pp‘: S ” 4 mils DFT 5 mils or
raming for Equipmen Galvanized
or Galvanized
Platform, Stair Grating, Per the American Hot Dipped
Handrail, and Ladders Hot Dip Galvanizers Galvanized
Interior and Exterior Assoc. alvanize
recommendations
Interior Above Grade SSPC-SP6 High Build None.
.| Uninsulated Piping (Not Epoxy Primer
requiring color coding) or Galvanized
Interior Above Grade SSPC-SP6 High Build None
Uninsulated Piping Epoxy Primer
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(Requiring color coding)

or Galvanized

silicate, 2to 3

mils, DFT

Exterior Above Grade SSPC-SP6 Inorganic Zinc Polyurethane, 3 to
Uninsulated Piping Rich Primer 5 mills
Exterior and Interior Insulated | None None None.
Piping
Equipment, Motors, Valves,
Instruments, and other
Manufacturer’s Manufacturer's | Manufacturer’s
manufactured components
: Standard Standard Standard
Stainless Steel, Galvanized,
or Nonferrous pipe or
) None None None
Materials o
Stacks and other hot Inorganic Zinc Hi-temp silicon, 3
surfaces rich ethyl - to 5 mils
SSPC-SP6 ‘

7.4.8.1

Surface Preparation

The exterior surface of structural and miscellaneous steel, and tanks shall be abrasive
blasted in accordance with the Society for Protective Coatings, SSPC-SP6, Gray

Commercial Blast, or SSPC-SP10, Near White Blast for submerged items.

*-Tank interiors to be lined shall receive an abrasive blast in accordance with SSPC-SPS,

White Blast, with a 3.0 mils maximum anchor pattern.

Small miscellaneous field fabrications shall be given not less than SSPC-SP3, Power

Tool Cleaning.
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All masonry surfaces to be coated shall receive a light brush-off blast or an acid etch

prior to coating.
Piping shall be field-cleaned to a minimum of SSPC-SP3, Power Tool Cleaning.

7.4.8.2 Prime Protective Coating for Steel

All structural and miscellaneous steel shall be primed within 8 hours after the surface
preparation is completed to a full 2.5 mils. The primer shall be as specified in the
Protective Coatings Table, this Section. Open web joists may be primed with a red iron

oxide primer.

7.4.8.3 Finish Coating

‘Structural and miscellaneous steel shall be finish coated as specified in the Protective

Coatings Table, this Section.

Above grade piping designated to be painted, shall be color coded to coordinate piping
service. Provide a color code chart to Owner for approval indicating piping color for
each piping system included in the Project.

Before painter's finish work is begun, the surfaces to be painted shall be carefully
inspected to assure that they are in pro'per condition to receive the finish coating.
Surfaces, which are in poor condition, so that a proper finish cannot be produced, shall
receive such special treatment or additional coats as necessary to produce a smooth,
durable, satisfactory finish. Contractor shall supply color samples to Owner for approval.

7.5  BUILDINGS/STRUCTURES
7.5.1 Minimum Requirements

Drawings showing floor plans, equipment arrangements and other building and
architectural features shall be submitted by the Contractor for Owner's review,
-+ comments and approval. Building framing may be Pre-Engineered or designed of

.standard rolled shapes.

" Include lifting devices such as cranes, hoists, trolleys, and monorails in all buildings and
structures at locations above all equipment weighing more than 200 Ibs. Capacity of the
lifting device shall be at least 15 percent above the maximum load to be lifted.
Coordinate locations with the equipment layouts.
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Design all building roofs, platforms, and structures for a minimum collateral load of 15
psf, in addition to the Code required and specified live loads. Increase the minimum
collateral load in routing corridors for piping, electrical conduit, and cable tray, and
determine the design collateral load by consideration of actual weights and taty

calculations.

Buildings shall be provided as follows:

Building

Min number of
external doors /

Minimum Size

Special Notes

per GTG) or 10-foot x
12-foot (if 1 per 2
GTGs) Minimum of
1 per2 GTGs

windows
Steam Turbine Exit doors in Per the Site Plan One of the roll-up doors
Generator Building accordance with shall be sized to allow
Building Code. removal of the largest
Minimum of two roll-up piece of equipment.
| doors.
Water Treatment 2 roll-up, 2 doors, no Per the Site Plan
Equipment Building windows
CEMS Shelters 1 door 8-foot x 10-foot (if 1

Boiler Feed Pumps
| Building

Per Building Code
requirements.

| As required for

access of equipment

Include monorail for
maintenance of pumps

and motors.
Other Buildings Per Building Code As required for
requirements. access of equipment
7.5.2 Steam Turbine Generator Building
Column Bases shall be designed as pinned.
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The turbine room roof design shall utilize horizontal bracing.
Floor and roof live loads shall be as follows:

1. Turbine room roof 30 psf

2. Operating floor, turbine room area 506 psf

3. Oberating floor, other areas 250 psf

4. Ground floor: 300 psf plus HS20 loading

Building footprint shall be adequately sized tb allow laydown of all turbine generator
components during maintenance or refurbishment.

7.5.3 Other Structures
Contractor shall provide sun shade covers for all CO, and bulk gas storage systems.

Provide a minimum of 20-foot wide shed roof structure on the north side of the
maintenance shop to provide' covering for equipment and maintenance materials. Shed
roof shall extend the length of the maintenance shop building.

7.5.4 HRSG Equipment Enclosure

Provide steel frame equipment enclosure with weather-tight metal siding and roof deck
at the top of the two HRSG Units. Include doors with hardware, ventilation, and interior

lighting.
7.5.5 Turbine Room Crane

The Turbine Room Crane shall be capable of handling the heaviest piece of disassembly
of the steam turbine. Determine the required crane capacity by consideration of the
maximum weight to be lifted during overhaul of the actual equipment furnished.

Estimated crane capacities are as follows:
75 - ton minimum capacity main hook

" 25 - ton minimum auxiliary hook

Operation shall be by remote radio control and by control pendant suspended from
trolley. Include a platform with stair or ladder to provide access to the crane bridge
service platform from the Turbine Operating Floor.
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SECTION 8.0
ELECTRICAL SCOPE

8.1 GENERAL REQUIREMENTS

This section covers the minimum scope and quality standards for the major electrical
equipment, systems, and interfaces with other plant systems and facilities and with off-
Site facilities. Contractor shall provide all material and labor for the engineering, design,
procurement, installation, construction, startup, inspection, and testing of all electrical
systems specified herein and necessary for a complete, functional power generating
; facility, and in conformance with generally accepted utility practices for generating

facilities.

The conceptual design is shown on one line diagram SKE-1 that is included in Appendix
E. Contractor shall develop a detailed plant design based on Owner's conceptual
design. Alternative designs may be acceptable if they meet the functional requirements
of this specification. Any changes in plant arrangement or design must be approved by
the Owner. Arrangement and design of the auxiliary power system equipment shall
provide for unobstructed vertical clearance on the access road between units for
bringing in cranes and other heavy equipment for maintenance.

The design and specification of all work shall be in accordance with all applicable laws
and regulations of the Federal government and the State of Utah, and applicable local
codes and ordinances. A listing of the codes and industry standards to be used in
design and construction is found in Section 3.0. All equipment furnished under these
specifications shall conform to applicable standards of IEEE, NEMA and ANSI. All
materials and devices shall be in accordance with the applicable requirement of the
Federal “Occupational Safety and Health Standards’. The latest editions of the
~ referenced codes and standards shall apply. Equipment ratings and capacities are
generally referenced to 40° C maximum ambient and less than 3300 feet. Contractor
shall revise ratings accordingly for equipment and materials where required for Project
maximum ambient conditions and elevaﬁon.

Other recognized standards may be utilized when required in Contractor's opinion and
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when not in conflict with the standards listed in Section 3.0. Contractor shall notify and
obtain Owner approval prior to any changes.

8.1.1 Plant System Studies

Contractor shall perform a set of system studies to demonstrate the adequacy of the ‘ |
proposed electrical system design, including AC and DC distribution systems, by

performing the following studies as a minimum. The design and construction of the

electrical systems shall reflect the findings and conclusions of these studies. Prior to
starting studies, provide Owner with cases to be analyzed. Owner will identify other
cases if required to meet the criteria established in the following. These system studies
shall be subject to review and comment by Owner. |

1.

Exhibit A

Load flow and voltage regulation

A series of studies shall be undertaken over a range of operating conditions,
including pre-synchronizing, post-synchronizing, variation in grid vdltage,
auxiliary transformer failure, etc., to demonstrate that the plant electrical
equipment operates within its manufacturer’s rating and the voltage at all
buses is maintained in the required range. For the studies, cable impedance
shall be included and transformer and generator impedance shall include the
maximum positive tolerances. .

Transformer impedance shall be determined to optimize the through-fault
withstand current of the transformer and the interrupting duty of the
switchgear and switchyard breakers and to ensure that the voltage will not fall
below allowable limits when the largest motor will be started.

The studies shall include motor starting studies to show that, when starting
any motor, the distribution voltage at all levels does not fall below 90% of
motor nameplate rating except for motors designed for lower terminal voltage.
This requirement shall apply for all the contingencies given above and include
motors of the largest starting current at each voltage level. Motors subject to
the low starting voltage will be rated for 80% starting voltage.

Evaluate generator step-up transformer reactive power flow study to verify
that transformer does not reduce generator reactive power flow through all
operating conditions. Reactive power flow shall be evaluated in accordance
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with IEEE C57.116 to meet a power factor of 95% lagging and 95% leading
for each unit at the 345 kV side of the generator step-up transformer.

System design shall provide for transmnssuon voltage deviation of plus or
minus 5% and short term (one minute or less) voltage excursions of plus 10%
to minus 10%. During normal operation system bus voltage shall be within
plus or minus 5% of nominal voltage. Auxiliary equipment shall be designed
for continuous operation for a plus or minus 10% voltage variation.

| Fault level

Studies shall be undertaken to ensure that the prospective fault current is
within the rating of the switchgear and cables. For these studies: cable
impedance shall be ignored, full motor contribution shall be included, and
transformer impedance shall be at the maximum negative tolerance.

DC System Studies

A load profile shall be developed for all DC loads to size the batteries and
chargers, and to verify minimum voltages are maintained as specified and
required by equipment vendors. | A |

Grounding Studies ‘ _

Perform grounding system studies using a minimum of a 2 layer model to
limit touch and step potentials to safe values as specified. The calculation of
the ground resistance shall include the switchyard area and plant. The
grounding system shall be designed to provide personnel safety and to
provide protection to electrical equipment. The grounding system study shall
be in accordance with the requirements of IEEE 80, 81, 81.2, 142, 665 and
1050, NESC and the NEC. Soil resistivity shall be measured as described in
IEEE 80.

Arc-Flash Study
Perform arc-flash study for medium voltage switchgear, contactors, 480 volt
switchgear, 480 volt motor control centers, and 480 volt distribution panels.
Study shall be performed based on IEEE 1584 — Guide for Performing Arc-
Flash Hazard Calculations. Arc-flash study shall calculate incident energy
and boundary areas where no special clothing or personal protective
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equipment is required. Arc-resistant equipment shall be furnished for medium
voltage busses. Incident energy shall be limited to a maximum of 40 cal/sg-
cm for all 4160 and 480 volt busses.

6. Protective Relay Coordination Study

A protective relay coordination study and relay setting report shall be
prepared. This study will serve as the basis for relay protection for the plant
electrical distribution systems. Relay settings are required for all protective
relays furnished by Contractor. Recommended settings for combustion and
steam turbine relays will be provided by equipment supplier. Contractor shall
provide settings for relays requiring system information. Contractor shall
request any information from Owner to provide relay settings. Contractor shall
provide a hardbound report including settings, calculations, system data, one
lines, and coordination curves. In addition a CD shall be furnished including
all documents in the report, relay setting ﬁles, relay communication software,
instruction manuals, and application manuals where applicable. Contractor
shall coordinate with the local utility company to implement any special
protection or system requirements. ‘

8.1.2 Interface Requirements

8.1.2.1 Utility System Interface

The interconnection of the plant into the Utility system will be through a 345 kV
switchyard extension. The switchyard will be supplied by Others under a separate
Contract. The interfaces as described in the following will refer to the Owner's
switchyard. The switchyard interface will be at the following points:
1. Generator step up transformer dead end structure (switchyard Contractor will
install overhead line to dead end structure and make drops to transformer).
2. Switchyard relaying and metering interface terminal box; SCADA
communications junction box, switchyard station service power marshaling
box.
3. Grounding consisting of two connections per step up transformer plus one

connection per duct bank.

A generator fault on a combustion turbine shall trip only its associated generator
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. excitation and low side generator circuit breaker. This scheme should allow the auxiliary
loads to continue receiving the power supply from the switchyard through the
corresponding station auxiliary transformer. A fault on a step-up transformer shall trip its
high side circuit breakers and associated generator breaker. A fault on the steam turbine
generator shall trip its associated high voltage breakers.

Contractor shall coordinate with Owner’s switchyard contractor for routing of circuits to
the switchyard control building. In addition to the required raceways, Contractor shall
provide two spare 4” conduits from administration building to Owner’s switchyard.The
Contractor shall interface with Utility company and Owner’s switchyard contractor for
interconnection of the power plant at least but not limited to the following technical areas:

Basic System Design

Protective Relays of the generation system.
Engineering Studies

Metering

Telemetering

Generator synchronizing

Reactive Power Requirements

RTU Dispatch Control

Backup power supply

Dead end structure line termination

© ® NGO A WN =
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The Contractor shall include interfaces to an RTU (remote terminal unit) located in the
switchyard control building. The interface shall include as a minimum the following
isolated metering, control, and status points per unit:
1. Gross megawatts
2. Net megawatts
3. Auxiliary megawatts
4. Station net megawatts
5. Gross megavars
6. Net megavars
7. Auxiliary megavars
. 8. Generator voltage
9. Upper operating limit
A 8-5 ~ 06/03/05
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10. Lower operating limit
11. AGC control status
12. Power system stabilizer status
13. Voltage regulator status
|

Final point list shall be developed during Contract execution, and shall include additio\hal

points typical of this type of installation.

Furnish and install plant side revenue metering system consisting of Maxsys 2510
revenue meters for each generator and auxiliary transformer, current transformers, and
potential transformers for combustion turbine generator gross (low side for each unit),
combustion turbine auxiliary load (each unit) and steam turbine gross (low side). Meters
.shall be furnished with 5759 firmware, peer to peer networking capability, bi-directional
metering capability, DNP 3.0 communications protocol, 4 KYZ outputs, and 4 analog
outputs. Meters shall be connected to allow internal calculation of unit and net station
power. Meters shall be connected to dedicated revenue quality current and potential
transformers. Provisions shall be included to accumulate auxiliary power when the CT
units are off line in sebarate registers or other methodology as approved by Owner.
Owner will supply meter catalog number. Hardwired analog, pulse, and communication
outputs shall be made to switchyard RTU. Metering to have remote dial up capability.

Provide rack space, 48V 150A-H battery and charger system for the Owner provided
DMXplore and Channel bank communications equipment. Furnish conduits and fiber
cable between the new 345 kV switchyard and the communications equipment.

Owner will ultimately enter into a power supply agreement in accordance with the Large
Generation Interconnection Agreement (LGIA) and associated documents included in
Appendix H. Contractor shall include all technical and operational requirements within
the plant to design to meet the requirements o f the LGIA and associated documents.

. 8.1.2.2 Plant Synchronizing and Switching Scheme Interface

Contractor shall design a synchronizing scheme in coordination with the turbine supplier.
Combustion turbines will be synchronized across low side generator breakers and the
steam turbine will be synchronized across the switchyard breakers. Design shall be
based on a single high side breaker connected to a collector bus.
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As required to ensure proper synchronization operation, phase matching potential
transformers shall be provided to compensate for any phase angle and potential
differences (caused by step-up transformer phase-shift) on the derived voltage sources
from the switchyard and generator systems. Potehtial selection relays and selection logic
shall be included as part of the synchronizing scheme.

8.1.3 Auxiliary Power Supply Equipment

The auxiliary power supply equipment includes the unit auxiliary transformers, 4160-volt
switchgear, 4160-volt motor control centers, 480-volt secondary unit substations, 480-
volt motor control centers, 480/277-volt distribution panelboards, and 208/120-volt power
panels. All 4160 volt switchgear and 4160 volt motor control centers shall be arc-flash
. resistant. The auxiliary power equipment shall diétribute electrical power to the plant
auxiliary equipment. Electrical equipment with the exception of transformers shall be
installed in rooms with a controlled environment including redundant air conditioning,
except as approved by the Owner. Each class of primary distribution equipment (4160-
volt switchgear, 4160-volt MCC, 480-volt switchgear, 480-volt MCC's) shall be of the
same type and manufacture (i.e. all 4160-volt switchgear shall be of the same type and
manufacture, but not necessarily the same manufacture as the 480-volt switchgear).

Critical loads for each block will be configured in such a manner that critical loads can be
easily and quickly isolated from the normal source and transferred to the backup source
(emergency diesel generator). Included in the critical loads are the loads to keep the
combustion turbines in a ready to start condition, steam turbine critical loads, DC
system, HVAC, communications and other loads as selected by Owner. Loads shall be
selected up to the capacity limit of the emergency diesel.

Each 4160 and 480 volt bus shall be provided with metering functions to include, 3-
phase bus voltage, 3-phase current, kW, kVAR, kWh (meter functions may be provided
through protective relay data to DCS). Summary metering shall be configured to provide
total kW, kVAR, kWh for the station and the auxiliary power system. The station service
power shall be supplied from the utility system during plant startup, shut down, and
maintenance periods. Power shall be supplied from the generated power during normal
operation. Primary control for medium and low voltage switchgear, mains, ties, and
feeders shall be from the distributed control system. Backup control shall be provided
near the switchgear to allow buses to be energized if the DCS is out of service. 'DCS
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shall display feeder and bus metering information in addition to switchyarcj voltage.

The quantity and size of 480 volt panel boards shall be selected such that the capacity is
adequate for total running load under all operating conditions, plus a 20% design »
allOwahce, plus 10% allowance for future use. The continuous current ratings and |
interrupting ratings of the feeder breakers shall be based on the available fault current'
and the characteristics of the connected load. Each distribution panel board shall |
include the feeder breakers required to supply the connected load, plus two three-pole
and two single-pole feeder breakers for future use.

Welding receptacles shall be provided for portable 480 volt, 3-phase welding equipment.

- Sixteen receptacles will be placed in strategic locations as directed by the Owner.

All 208 volt loads and all single-phase 120 volt loads shall be supplied from the 208/120-
volt power panels. The continuous current rating of the main bus and the 480-208/120-
volt transformer shall be as required plus a 20 percent design allowance. The
continuous current ratings and interrupting ratings of the feeder breakers shall be based
on the available fault current and the characteristics of the connected load. Distribution
transformers shall be dry type, U.L. listed, class H insulation (based on a 115 degrees C
rise) with 4 — 2% % FCBN and 2 -2 ¥2 % FCAN taps in primary winding with suitable
enclosure. Motor space heaters, equipment space heaters, equipment lights and
receptacles and equipment miscellaneous power feeds shall be from power panels.
Each power panel shall include the feeder breakers required to supply the connected
load, plus 6 single-pole feeder breakers for future use.

8.1.4 Classification of Hazardous Areas

Areas where flammable and combustible liquids and gases are handled and stored shall
be classified for the purpose of determining the minimum criteria for design and
installation of electrical equipment to minimize the possibility of ignition. The criteria for
determining the appropriate classification are specified in Article 500 of the National

" “Electric Code (NFPAJ/ANSI C1). The application of these criteria to specific areas at

generating stations is provided in Article 127 of the National Electrical Safety Code
(ANSI C2) and applicable NFPA standards.

8.1.5 Lighting

A lighting system shall be furnished for all structures and new equipment. The lighting
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system shall provide personnel with illumination for plant operation under normal
conditiohs, means of egress under emergency conditions, and emergency lighting to
perform manual operations during a power outage of the normal power source. Provide
aviation lighting system for stacks, if required . The power supply for the lighting system
shall be from 120/208 or 277/480 volt, 3-phase, 4-wire lighting panelboards. Emergency
lighting shall be powered from a 120 volt AC normal source with local battery backup.

The lighting system shall be designed in accordance with the llluminating Engineering
Society (IES) to provide illumination levels recommended by the following standards and

organizations:
1. ANSI IIES RP-7, 1979, Industrial Lighting.

2. ANSI IIES RP-8, 1977, Roadway Lighting.
3. Federal Aviation Administration (FAA).
4. Occupational Safety and Health Act (OSHA). -

In addition to the above, the lighting design shall meet all local codes and regulations.
Lighting sources and fixture selections shall be based on the applicability of the

luminaries for the area under consideration.

Four types of lamps shall be used for the light sources in,ihe lighting system including
fluorescent, high-pressure sodium, metal halide, and incandescent. Generally,
fluorescent lamps shall be used in indoor, low-bay enclosed areas; high-pressure
sodium lamps shall be used outdoors, metal halide in high-bay enclosed areas, and
incandescent lamps shall be used for emergency lighting. Exterior lighting shall include
all roadways, HRSG platforms, combustion turbine platforms, CEMS equipment platform
areas, and evaporation pond sump. Lighting levels shall be designed to at least the

following minimum foot-candle levels:

Platforms, stairs, & walkways 10

Maintenance areas 50
Toilets and locker rooms 40
Warehouses/mechanical rooms 20-30
Water treatment 30
General outside areas 1
Roadway and parking areas 1
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Electrical rooms 50

In general outside areas shall be controlled by photocell. Outside areas such as HRSG
platforms shall have auto/manual stations to selectively turn-off lights when plant is not

operating.

8.1.6 Telephone and Data Systems

Contractor shall expand the existing telephone/data network to include the Block 2
equipment. As a minimum voice/data lines shall to installed to the areas tabulated below.
The telephone / data system design including all equipment shall be approved by the
Owner. Provide dedicated raceway system from the control room building to the plant

‘terminal point for telephone cable.

Contractor shall include a raceway system, wiring, jacks, and switches as required for
the telephone and communications system indicated below. Listing is per building when

multiple buildings are included:

Facility Voice Data Analog

Admin Building - 1 4 4 - 2

Boiler Feed Pump Enclosure 1 1 1

Chemical Treatment Building 1 1 1

Power Distribution Building 1 1 2

CEMS 1 Each 1 Each 1 Each

CT Electrical building 1 Each 1 Each 2 Each

ST& CT Excitation Building ' 1 11 2 |
Gas Regulating station 1 (fiber) 2

Final locations will be determined by Owner during detailed design.

. Provide data ports with interconnecting Category 6 wiring for 100 mbps plant network at

locations near the phone outlets. Data ports in other buildings remote from the

‘Control/Administration building will be connected through fiber optic cable unless

otherwise approved.

8.1.7 Construction Power

Contractor shall contact local utility and make arrangements for construction power
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services. Contractor shall pay all fees and operating costs associated with the
installation, operation, and maintenance of the service including removal at project
completion. Construction power shall be available through the duration of the project up
to commercial operation unless approved by Owner. Owner will furnish power for
commissioning and startup through back-feed of the auxiliary transformers. This power
source will not be available for construction.

8.1.8 Freeze Protection

A freeze protection system shall be provided for piping, instrument impulse lines (integral
tubing bundles), gauges, pressure switches, and other devices subject to freezing. See
Division 5 and 9 for additional requirements. All transmitters, remote gauges and
~switches located outdoofs shall be located in a heated instrument enclosure complete

~ with a thermostat and space heater which will automatically turn on when the ambient
temperature falls below 40 F. The enclosures shall be designed such that the heater
cable circuit for the integral tubing bundle connecting the instrument to the process is
terminated inside the enclosure. .

On pipes that opérate below 300°F, parallel circuit type heating cable shall be directly
applied to the pipe. These heating cable circuits can be assembled and installed in the

field using the appropriate connection kits.-

For pipes which operate at 300°F and above, parallel circuit-type heating cable shall be
sandwiched between layers of insulation or heat tracing of suitable temperature rating
shall be used. These heating cable circuits can be assembled and installed in the field

using apprbpriate connector kits.

Power distribution panelboards, each fed from 480-120/208 volt transformers shall
furnish power to the freeze protection circuits. Power to the freeze protection circuits
shall be controlled by ambient thermostats through a central control panel which shall

| provide control and alarm/monitoring functions for the freeze protection system. In
“addition, thermostats that sense actual pipe temperature may be required to prevent

: overheating of critical process or chemical piping. Remote alarms for the overall system
and local monitoring of each freeze protection circuit shall be provided.

8.1.9 Cathodic Protection System

Cathodic protection and other corrosion control measures shall be provided to protect
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metal tank bottom and underground piping and shall be designed and installed
according to soil survey results. A study shall be prepared by a corrosion control
specialist (member of NACE) to provide recommendations as to the requirements for,
and methods of, preventing corrosion of metallic elements due to galvanic action. This
study shall be submitted for review by the Owner. The study shall include a conceptualli
design, including comparison of active versus passive corrosion control methods, and é
bill of material for implementation of any récommended corrosion control system.

[

8.1.10 Lightning Protection

Lightning protection system shall be provided for building structures, transformers, the
GT packages (including HRSG and stacks (regardless of stack thickness), the air-cooled

condenser, and tanks.

Lightning protection for the building structures shall consist of air terminals installed at
the highest points. The air terminals shall be connected together with copper cable and
connected to the plant ground grid with copper down conductors. Protection system will
be certified with a Master Label.

8.2 ELECTRICAL PROTECTIVE SYSTEMS

This Contract shall furnish and install an coordinated protective relay system to detect
faults and trip the appropriate equipment. Owner will review and approve all protective
relay equipment, logic, nomenclature and settings to verify consistency with the
specifications and Owner's standards. Contractor will coordinate with switchyard supplier

to ensure a proper interface.

In general protective relays are to be based on the Schweitzer relay products unless
specifically approved by Owner. Any grouping of relays shall be provided with an SEL-
2030 for remote modem access. Contractor to include communication lines to allow
remote dial up capability. All protective relays shall be time synchronized using a station
IRIG-B time signal. All relay currents, potentials, and trips shall be wired through test
switches. When required relay outputs shall trip ElectroSwitch type LOR lockout relays
with a minimum of 10 decks. Owner shall provide assignment of relay output contacts.
All current, potential, and lockout trip contacts shall be wired through clear cover test

switches.
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8.2.1 Generator Protective Relays

The generator protection system shall be based on redundant SEL-300G multifunction
relays. Relays shall include the following protective functions: 21 backup impedance; 24
volts/hertz; 32 Multi-step reverse power; 27TN/59N 100% stator ground fault; 46 Phase
unbalance; 50/27 inadvertent energization; 50BF breaker failure (combustion turbinés);
59 over voltage elements; 59N bus ground fault; 60 loss of potential detection; 78 out-of-
step protection; 87 differential protection. In addition to protective functions relay shall
have extensive metering capability, oscillography, self—diagnostics, and communication
capability.

Each SEL-300G will be provided a lockout relay for turbine tripping and a lockout relay

-fro generator tripping. Tripping, blocking, and initiate logic shall be consistent with

Owner’s operating requirements and coordinated with the switchyard protection.

8.2.2 Generator Step-up Transformer Relays

The primary protection shall be an SEL-387E that only includes the transformer windings
in the protective zone. Relay shall trip dedicated lockout relay. Backup relaying shall be
dual SEL-387's connected in unit differential configuration». Backup relays shall trip
dedicated lockout relays. The protection zone shall include the 345 kV breaker,
generator and auxiliary transformer tap (steam turbine does not have auxiliary
transformer.) Dual sudden pressure contacts and dual neutral current transformers shall
be provided as inputs to the protective relays.

8.2.3 Unit Auxiliary Transformer Relays

Protection for auxiliary transformers shall include an SEL-387E with a protective zone
including the auxiliary transformer and switchgear main breaker. Provide lockout relay
for status, blocking, and tripping functions.

8.2.4 Medium Voltage Switchgear and Motor Controllers

Provide SEL-351A multifunction protective relays for mains, ties, and non-motor feeder
breakers. SEL-701 shall be used for protection for motor feeders. Relays will be
configured to detect faults or abnormal operating conditions and trip appropriate breaker
or alarm operator and coordinated with other protective devices. Any trip operations will
include lockout functions to block closing of breakers without operator intervention.
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8.3 SWITCHYARD . ‘

Others will design and install the switchyard and equipment from the high side of the
step-up transformers to the switchyard except as specified. Contractor shall coordinate
design between Contractor and Switchyard Contractor to determine placement of dead
end structures, transformers, protective relay settings, interface junction box, RTU
communication connections, power feeds and associated details.

This Contract shall provide two separate 480 volt feeds (200A each) to the substation to
provide redundant AC auxiliary power sources for the substation. Contractor shall also
provide two, 125 VDC, 100A each and one 1 kVA 120 volt UPS supply to the switchyard
control building interface cabinet by the Switchyard Contractor.

8.3.1 Deadend Structures

EPC Contractor shall provide one dead-end structure for each GSU. Dead end structure
shall have a conductor height of 45 feet, a shield wire height of 20 feet, mast height of 20
feet, phase spacing of 20 feet and a line angle from 0 to 20 degrees. Design conditions
shall be NESC heavy loading. The structure shall be designed using the ultimate stress
method. The following are the maximum loads:

Conductor Loading - 3000 Ib per conductor
Shield Wire Loading — 2500 Ib per wire

EPC Contractor shall provide engineering, procurement,A and installation of GSU
switches and dead end structures including all supporting systems. These systems
include but are not limited to all low and high voltage cable, conductor, and connectors;
raceway; foundations; grounding; and monitoring, controls, and protection. All high-
voltage systems shall be coordinated with plant and switchyard design and installation.
Owner will approve final design and arrangement of dead end structure.

8.4 GENERATOR STEPUP TRANSFORMERS

This section covers power transformer equipment, material, and accessories. The power

transformers furnished shall have all standard and normally supplied accessories ready
for installation, connection, and immediate service. The following requirements are to be .
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used in conjunction with the applicable sections of the Owner's specifications for
transformers ‘Material Specification ZS 001-2004, Substation Equipment — Power
Transformer All Ratings’ included in Appendix F.

Transformers shall be generator unit step-up transformers (GSU), shall be 345 kV
nominal secondary, and generator rated voltage nominal primary, and shall be rated a
minimum 5% over generator capability throughout the full ambient operating range With
a temperature rise limited to 65°C. The method of cooling shall be ONAN/ONAF/ONAF.
Step up transformers for the combustion turbines shall be designed for a minimum
guaranteed efficiency of 99.7% and the steam turbine 99.75% at the top ONAF rating.

On initial selection of tfansformer supplier, Contractor shall provide Owner with the

guaranteed load and no load losses for the step-up transformers at the top ONAF rating.

In the event the tested losses are greater than the guaranteed losses, Contractor shall
reduce the contract price by the sum of $4,000/ kW for no load losses .above the
guaranteed value and $1,700 / kW for the load losses above the guaranteed value. The
no load and load loss evaluation will be performed independently of each other. In the
event losses are less than the guarantee value, the Contract Price shall be increased by
the sum of $2,000 / kW for no load loss differential plus $850 / kW for the load loss

differential.

Transformer high voltage winding BIL shall be a minimum of 1050 kV with 350 kV
neutral. High voltage bushing shall have minimum BIL of 1175 kV. Low voltage winding
shall have a minimum BIL of 150 kV. Transformer size, impedance and high side tap
shall be selected to allow full range of generator reactive capability at the system
nominal voltage. Transformer impedance shall be approximately 6% on an ONAN base
and 10% at maximum rating. In addition, transformer impedance shall be selected to
limit fault current below generator breaker interrupting level, and allow starting of largest

plant motor without exceeding NEMA starting criteria.

JRpp—

Al equipment shall conform to the applicable standards of ANSI, NEMA, and IEEE and

shall be in accordance with the applicable requirements of OSHA standards. The latest
published edition of referenced standards shall apply.

The power transformers shall be designed, fabricated, and tested in accordance with

ANSI C57 series, C62, NEMA TR 1, and these Specifications.
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Transformers shall be provided with oil containment and drainage to the plant oil water
separator. Drain lines shall be provided with normally closed manual drain valves.

Transformers shall be provided as a minimum with the following accessories qhd

capabilities:

12.
13.
14.
15.
16.

17.
18.

19.

Exhibit A

4 (four) full capacity 21/2% taps, 2 (two) above and 2 (two) below nominal
voltage rating for manual “no-load” operation.

Standard angular displacement of voltages. _

Sound level not to exceed 85 dBA at 3 feet at top ONAF rating (or less if
required to meet project sound limitations). ‘

Continuous over excitation capability of 110% at full load and 125% for 30
seconds.

Manholes located in cover.

Lockable tap changer handle accessible from ground level.

Short circuit capability with only transformer impedance limiting fault current.
Accessible cdre ground bushing and well for core ground. »
Detachable radiators with lifting eyes and upper and lower isolation valves.
Upper and lower filter connections with sample valves.

. Qualitrol temperature monitor with a minimum of 8 output contacts, diagnostic

alarm, communications capability, and analog outputs.

Oil temperature and level gauges.

Conservator or sealed tank with inert-gas pressure oil preservation system.
Pressure relief device with a semaphore visible from ground level.

NEMA 3R control cabinet with latchable doors. ‘

Adequate number of current transformers with relay accuracy of C800 and
metering accuracy of 0.3B1.8 (or as required by interconnect standards) for
plant métering and relaying including any relaying interface with substation.
Current transformers shall have a minimum thermal rating factor of 2.0. A
minimum of three current transformers on high side with at least one with
metering accuracy and two on the low side. |

Dual neutral current transformers.

Station Class surge arresters (internal surge protection not acceptable) with
an MCOV of not less than 110% of line to ground voltage.

Discharge counters.
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20.
21.
22.
23.
24.

25.

26.
27.

Sudden pressure relay device with dual outputs.

Fall protection device mounting provisions.

Serveron on-line gas analysis monitor with communications capability to the
plant DCS, alarm and configurable analog outputs.

Copper windings with EHV-Weidmann insulation and materials suitable for
120° C continuous operation.

Local annunciator with common alarm or adequate alarms in DCS to quickly
identify alarm source.

Maximum core flux density of 1.7 Tesla at no load and 100% rated tap
voltage.

One spare high and low voltage bushing.

High temperature gasket material (Viton).

Factory Tests:

1.

Exhibit A

Notify Owner not less than two weeks prior to the starting date of the factory
tests to permit observers to be present during the factory tests.
Procedures for factory tests shall conform to ANSI C57.12.90, unless
othen/vi'se specified. Except where a specific test method is specified, the
factory test report shall state the test method used. Perform the following
factory tests on each transformer unless otherwise stated:
A. Winding ratio on rated voltage connections and on all tap positions.
B. Winding polarity and phase relation on the rated voltage connections.
C. Excitation loss at 100% and 110% of rated voltages on the rated voltage
connections. _
D. Excitation current at rated voltages, and at 110% rated voltages, on the
rated voltage connections. |
E. Impedance and load loss at the maximum 65°C rise rating.
F. Temperature rise at the maximum 65°C rise rating for the transformer
supplied under this contract. Records of temperature tests performed on
duplicate or essentially transformers will not be acceptable.

- G. Temperature indicator accuracy test.

I

Applied potential test.
I. Induced potential test with the transformer connected at rated voltage,
with the transformer's own bushings in place, accompanied by partial
discharge monitoring (to conform to ANSI C57.12.90) with tansformers
own bushings in place.
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J. Switching surge tests on the high-voltage winding, with the transformer's
own bushings in place. |

K. Test all control wiring for continuity, grounds, and correct
connections; and test operation of all relays, indicators, switches, lights,
and interlocks. \ |

L. Resistance measurements of all windings on the rated voltaQe
connection and all load tab connections. Test results shall be reported in
ohms at 75°C

M. Doble insulation power factor tests conforming to Method Il in Table 4 of
Article 10.10 of ANSI C57.12.90. The power factor shall be equal to or
less than 0.5% at 20°C.

3. Perform the manufacturer's standard tests on each surge arrester.

8.5 PLANT AUXILIARY TRANSFORMERS

Transformer shall be suitable for operation throughout the full ambient temperature
operating range. The method of cooling shall be ONAN/ONAF. Transformers shall have
a minimum efficiency of 99.5% at the top rating. Transformer spare capacity at the top
ONAF rating may drop below 20% when one auxiliary transformer is out of service. The
following requirements are to be used in conjunction with the applicable sections of the
Owner’s specifications for transformers ‘Material Specification ZS 001-2004, Substation
Equipment — Power Transformer All Ratings’ included in Appendix F.

On initial selection of transformer supplier, Contractor shall provide Owner with the
guaranteed load and no load losses for the auxiliary transformers at the top ONAF
rating. In the event the tested losses are greater than the guaranteed losses, Contractor
shall reduce the contract price by the sum of $4,000/ kW for no load losses above the
guaranteed value and $1,700 / kW for the load losses above the guaranteed value. The

. no load and load loss evaluation will be performed independently of each other. In the

" event losses are less than the guarantee value, the Contract Price shall be increased by
“.the sum of $2,000 / kW for no load loss differential plus $850 / kW for the load loss

- differential.

The continuous rating of the unit auxiliary transformers shall be as required to supply
electrical power to the total plant (two combustion turbines and one steam turbine)
auxiliary load under all operating conditions but not to exceed 4160 volt switchgear
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. capability. Transformeré shall be 100% redundant. The transformer impedance shall be
selected to provide adequate voltage regulation and motor starting capability under all
operating conditions.
|
All equipment shall conform to the applicable standards of ANSI, NEMA, and |EEE, and
shall be in accordance with the applicable requirements of OSHA standards. The latest

published edition of referenced standards shall apply.

The power transformers shall be designed, fabricated, and tested in accordance with
ANSI C57.12 series,C62, NEMA TR 1, and these Specifications.

Transformers shall be provided as a minimum with the following accessories and

" capabilities:

1. 4 (four) full capacity 21/2% taps, 2 (two) above and 2 (two) below nominal
voltage rating for manual “no-load” operation.
2. Standard angular displacement of voltages.
. 3. Sound level not to exceed 85 dBA at 3 feet at the top ONAF rating.
' Continuous over excitation capability of 110% at full load and 125% for 30

»

seconds.
5. Manholes located in cover.
6. Lockable tap changer handle accessible from ground level. v
7. Short circuit capability with only transformer impedance limiting fault current.
8. Accessible core ground bushing and well for core ground.
9. Detachable radiators with lifting eyes and upper and lower isolation valves.

10. Upper and lower filter connections with sample valves.

11. Qualitrol temperature monitor with a minimum of 8 output contacts, diagnostic
alarm, communications capability, and analog outputs.

12. Oil temperature and level gauges.

13. Pressure relief device with a semaphore visible from ground level.

14. Control cabinet with latchable doors.

15. Adequate number of current transformers with relay accuracy of C800 and
metering accuracy of 0.3B1.8 (or as required by interconnect standards) for
plant metering and relaying. At least one set of CT's on primary shall have

. metering accuracy. Current transformers shall have a minimum thermal rating
factor of 2.0.
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16.
17.

18.
19.

20.

Sudden pressure relay device. .
Serveron on-line gas analysis monitor with communications capability to the

plant DCS, alarm and configurable analog outputs.
Copper windings with EHV-Weidmann insulation and materials suitable for

120° C continuous operation.

Maximum core flux density of 1.7 Tesla at no load and 100% rated tap
voltage. '
Fall protection device mounting provisions.

21. Grounding resistor.

22. Local annunciator with common alarm.

23. High temperature gasket material (Viton).

| Factory Tests:

1. Notify Owner not less than two weeks prior to the starting date of the factory
tests to permit observers to be present during the factory tests. |

2. Procedures for factory tests shall conform to ANSI C57.12.90, unless
otherwise specified. Except where a specific test method is specified, the
factory test report shall state the test method used. Perform the following
factory tests on each transformer unless otherwise stated:

A. Winding ratio on rated voltage connections and on all tap positions.

B. Winding polarity and phase relation on the rated voltage connections.

C. Excitation loss at 100% and 110% of rated voltages on the rated voltage
connections.

D. Excitation current at rated voltages, and at 110% rated voltages, on the

| rated voltage connections.

E. Impedance and load loss at the maximum 65°C rating.

F. Temperature rise at the maximum 65°C rating for the transformer
supplied under this contract. Records of temperature tests performed on
duplicate or essentially transformers will not be acceptable.

G. Temperature indicator accuracy test.

H. Applied potential test.

I. Induced potential test with the transformer connected at rated voltage,
with the transformer's own bushings in place, accompanied by partial
discharge monitoring (to conform to ANSI C57.12.90).

J. Lightning impulse tests on all winding terminals, with the transformer's
own bushings in place.
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K. Switching surge tests on the high-voltage winding, with the transformer's
own bushings in place. ‘

L. Test all control wiring for continuity, grounds, and correct
connections; and test operation of all relays, indicators, switches, lights,
and interlocks. |

M. Resistance measurements of all windings on the rated voltage
connection and all load tap connections. Test results shall be reported in
ohms at 75°C

N. Doble insulation power factor tests conforming to Method Il in Table 4 of
Article 10.10 of ANSI C57.12.90. The power factor shall be equal to or
less than 0.5% at 20°C. _

3. Perform the manufacturer's standard tests on each surge arrester.

8.6 4160 VOLT METAL-CLAD SWITCHGEAR

8.6.1 General

This section covers the furnishing of 4160 volt vacuum metal-clad indoor switchgear
equipment, material, and accessories. Eduipment shall be provided in accordance the
conceptual one-line diagram. Switchgear will have continuous ratings as required and
short circuit duty of 350 MVA. Switchgear shall be arc-resistant. Switchgear will be of the
same type and manufacture.

The continuous current rating, short-circuit interrupting capability, and short time current ,
carrying capability of the 4160 volt switchgear and 4160 volt motor control center shall
be coordinated with the ratings of the unit auxiliary transformer and the characteristics of
the connected loads. All motors rated 4000 volts and all 480 volt secondary unit
substations shall be supplied directly from the ‘4160 volt switchgear or 4160 volt motor
control center. The 4160 volt switchgear shall be furnished with potential transformers
and current transformers as required for protective relaying, metering, and control.
Provide surge arresters on mains and feeder breakers.

Switchgear main bus shall be fully insulated copper. Control power shall be 125 VDC
with mains, tie, and feeders controlled from the plant DCS.

Relays will be configured to detect faults or abnormal operating conditions and trip

appropriate breaker or alarm operator and coordinated with other protective devices.
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Any trip operations will include lockout functions to block closing of breakers without .
operator intervention. Motor feeders 2500 hp or larger shall be provided with differential

protection.

8.7 4160 VOLT MOTOR CONTROL CENTERS

8.7.1 General ' Y\

These specifications cover 4160 volt, general purpose, indoor motor control centers. The
continuous current rating, short-circuit interrupting capability, and short time current
carrying capability of the 4160 volt motor control center shall be coordinated with the
ratings of the unit auxiliary and the characteristics of the connected loads. Motor control

centers shall be arc-resistant.

The motor control centers shall be designed and fabricated with all normally supplied
accessories for use on a 4160 volt, 3-phase, 60-hertz, 60 kV BIL, resistance grounded
system, and shall be coordinated to protect motors over the complete range of overload
and fault conditions. Construction of Motor Control Centers shall allow either one-high
or two-high arrangements. Lifting apparatus shall be provided for the two-high
‘arrangements. Provisions shall be made so that the Motor Control Centers can be

extended to include additional sections in the future.

8.7.1.1 Codes and Standards

All motor starters and motor control center components shall be designed and fabricated
to conform to the requirements of NEMA standards for Class E-2 Industrial Control
Equipment and to the requirements of applicable IEEE and ANSI standards. All
materials and devices shall be in accordance with the applicabie requirements of the
Federal “Occupational Safety and Health Standards”. The latest edition of these codes
and standards shall be applied to the manufacture of the equipment

' 8.8 480 VOLT SECONDARY UNIT SUBSTATIONS

. 8.8.1 General

The equipment shall include coordinated assemblies of incoming line, transformer, and
outgoing feeder sections with all auxiliary and transition compartments necessary to
provide unit substations ready for installation, connection, and immediate service.
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Each power transformer included with each secondary unit substation shall be rated to
supply the total 480 volt auxiliary load plus 30 percent under all operating conditions and
110% of the auxiliary load when the tie breaker is closed and one transformer is out of
service. The transformer impedance shall be selected to provide adequate voltage ‘
regulation and motor starting capability under all operating conditions. The continuous™
current ratings and interrupting ratings of the main breakers, tie breakers, feeder v
breakers, and main bus shall be coordinated with the ratings of the power transformers
and the connected loads. Breakers shall be drawout air magnetic units. The secondary
unit substations shall include feeder breakers required to supply the connected load,
plus one additional equipped space for future use on each bus.

Overload and fault protection for loads connected to the 480 volt secondary unit
substations shall be provided by solid-state trip devices which are an integral part of the
drawout type air circuit breakers or separately mounted panel devices. Integral trip
devices shall include long time, short time, instantaneous, and ground functions as
required for a coordinated system. Trip units shall display metering information. If
required, auxiliary power shall be provided for trip unit display at low loads.

General arrangement of unit substation shall be as indicated on the conceptual one-line'
diagram. This Contract shall provide substations of quantity and sizes to support the
plant loads. One spare breaker of each'frame rating (excépt for mains) shall be included
for future use. Main and tie breakers shall have same rating and be electrically |
operated. MCC feeder breakers shall be manually operated.

Transformers for 480-volt secondary substations may be oil filled or cast coil for outdoor
applications, or vacuum pressure impregnated (VPI) dry type for indoor applications. If
dry type, they shall be indoor close coupled to 480-volt switchgear. Oil transformers shall
" have a maximum of 65° C rise, cast coil 80°C rise, and VPI 115°C rise. Oil filled units
shall have high side BIL of 60 kV and low side BIL of 30 kV, ventilated dry type shall
have BIL of 45 and 10 kV respectively, and cast coil 75 and 30 kV respectively.
Transformers shall be low loss units and have a minimum efficiency of 99%.
Transformers shall have the following accessories:

1. Externally operated no load tap changer.
2. Lower drain valve and liquid sampling device (for oil type).
3. Dial-type thermometer with contacts for cooling control and high-temperature
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alarm.

Magnetic liquid level gauge with alarm contact for low level (for oil 'type).
Pressure/vacuum gauge (for oil type).

Lifting lugs and jacking pads.

Pressure relief device (for oil type).

Two ground pads, on diagonally opposite corners.

All other standard accessories.

© ® N O o A

8.8.1.1 Codes and Standards

Unit substation components furnished under these specifications shall be in accordance
with the requirements of applicable IEEE, NEMA and ANSI standards. All materials and
devices shall be in accordance with the applicable requirements of the Federal
“Occupational Safety and Health Standards”. The latest edition of these codes and
standards shall be applied to the manufacture of the equipment

8.9 480V MOTOR CONTRdL CENTERS

8.9.1 General

The Contractor shall furnish and install motor control center equipment, materials, and
accessories as specified herein. The motor control centers shall be designed and
constructed for use on a 480 volt, 3-phase, 60-hertz, 3-wire, solidly grounded system.
Except as specified otherwise, all equipment shall be designed for service with an

ambient temperature of 40°C.

All equipment furnished under these Specifications shall conform to applicable standards
of IEEE, ANSI, and NEMA. Motor control centers shall conform to UL 845, NEMA ICS1,
NEMA ICS2, NEMA ICS4, and NEMA ICS6. All materials and devices shall be in
accordance with the applicable requirements of OSHA standards. The latest edition of

‘ these codes and standards shall be applied to the manufacture of the equipment.

' "The continuous current rating of the motor control center main bus shall be as required
" to supply the total running load under all operating conditions, plus a 20 percent design
allowance. The bus bracing and the interrupting ratings and continuous current ratings
of the combination starters and feeder breakers shall be based on the available fault
current and the characteristics of the connected loads. Each motor control center shall
include the combination starters and feeder breakers required to supply the connected
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load, plus 10% spare units for each type size 3 and smaller. Motor control centers main
breakers shall be protected by an adjustable long-time and short-time solid state trip

device element for phase protection.

Each magnetic starter within an MCC which suppiies power to a motor shall be equipped
with a magnetic-only molded case circuit breaker and a microprocessor based overload
system. Starters shall be supplied with control power transformers. '

Certain loads will be fed from MCC feeder circuit breakers. The breakers shall be
thermal magnetic molded case breakers sized to protect supply cable and individual

loads.

| All starter units and feeder tap units shall be readily interchangeable with units of the
same type and size. At least one spare starter unit of each type and size used in that
MCC shall be provided for future use in each motor control center. MCC's shall have
provisions and space to exband at least one vertical section.

All units, except Size 5 starter units and 400 ampere frame or larger feeder tap units,
shall be automatically disconnected and connected to the bus as the units are rémoved
or replaced in the motor control centers. Size 5 starter units and 400 ampere frame or
larger feeder tap units shall have fixed mounting within the motor control centers.

8.9.2 Circuit Breakers

Each combination starter unit and each feeder tap unit shall include one 3-pole, single-
throw, 600 volt, molded case air circuit breaker with the appropriate amperes
symmetrical interrupting rating at 480 volts. All breakers shall be manually operated with
quick-made, quick-break, trip-free mechanisms of the toggle type. The breakers shall be
equipped with suitable arc quenching devices. Main current carrying contacts shall be
silver-plated and shall be capable of carrying their rated current without exceeding the
Underwriters' Laboratories specified temperature rise. All circuit breakers shall be of the

. same manufacture.

Manual operating handles shall be furnished on the access doors of starter units and

feeder tap units to operate the circuit breakers. Provisions shall be made for padlocking

each handle in the open position. Each operating handle shall indicate when the

breaker has tripped automatically.
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The access doors shall be interlocked with the operating handles to prevent opening the
doors normally when the circuit breakers are in the closed position. Provisions shall be

made for overriding this interlock.

8.9.3 Combination Starter Units

All combination magnetic full voltage starter units shall include disconnecting and branch
circuit over-current protective devices; 480 to 120 volt dry-type control transformers; 480
volt, 3-phase, 60 hertz contactors with microprocessor based overload relays. Control
transformer leads, starter overload relay contacts, contactor operating coils, and starter
auxiliary contacts shall be wired to marked unit terminal blocks.

Disconnected and branch circuit over-current protection devices shall be magnetic

instantaneous trip-only type circuit breakers as previously specified under Circuit

Breakers.

8.10 GENERATOR TERMINAL EQUIPMENT/ISOLATED PHASE BUS DUCT

The generator terminal equipment includes the isolated phase bus duct, the generator
circuit breakers, the generator transformer, and associated auxiliary equipment. The
generator terminal equipment shall provide the interface between the steam turbine
generator, combustion turbine generator, and the generator step-up transformers and
neutral connections of steam turbine generator. Bus duct shall be selected with suitable
continuous, momentary, and BIL ratings for this application and consistent with the
applicable standards and considering operating and environmental conditions. Bus shall
be provided with pressurized air system or heaters to prevent condensation. Bus shall
include appropriate seals for connection to hydrogen cooled ge'nerators. System shall
include adequate gauges, alarms, and controls for automatic operation.

8.10.1 GT Generator Bus Duct/Auxiliary Power Connections

Generator bus duct shall connect generator line terminal unit to the generator breaker
“and then to the generator step-up transformer with taps to the auxiliary transformers as
* depicted on the conceptual single-line drawing. Bus duct shall be self cooled with

suitable continuous, momentary, and BIL ratings for this application and consistent with
the applicable standards and considering operating and environmental conditions. The
bus shall be a low loss design. The bus shall include seals at the generator terminals.
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Tap bus shall be provided for connection to the auxiliary transformers. Tap bus shall
have suitable momentary and continuous ratings.

8.10.2 Low Side Generator Breakers

A generator breaker shall be provided between the combustion turbine and generator
step-up transformer. Each generator circuit breaker shall have a continuous current
rating at least 125% of generator rating to transmit the generator output under all
normally expected loading conditions. Each breaker shall have a short-circuit
interrupting capability and short-time current carrying capability which is equal to or
greater than the fault current available under any operating conditions. The potential
transformers and current transformers shall be furnished as required for protective
relaying, metering, and synchronizing of the generator to the grid.

The surge protection equipment shall include surge arresters and capacitors. The surge
protection equipment shall be coordinated with the characteristics of each generator to
provide protection for each generator insulation system. Generator breaker shall be
provided with dual tripping coils, transformer side surge protection, generator side surge
capacitor, isolatidn switch, grounding switch and generator side grounding switch. The
generator breaker shall include all material required for termination of the isolated phase
bus duct. Breaker shall be provided with adequate number of current and potential
transformers to implement protective relaying as specified or required. At least one PT
shall be a broken delta configuration with ferroresonant loading resistor.

Access platforms shall be provided for the normal maintenance and operation of the

units.

8.10.3 ST Generator Bus Duct

Generator bus duct shall connect the steam turbine generator directly to its step-up
transformer. Provide PT and surge cubicle, and steam turbine bushing terminal
enclosure. The isolated phase bus duct and tap bus shall have a continuous current
rating as required under all normally expected loading and ambient conditions and
suitable momentary ratings. The bus shall include seals at the generator terminals.

All medium voltage, isolated phase bus duct and accessories shall be designed,

fabricated, and tested to the latest applicable standards of NEMA, |IEEE, and ANSI. The

latest editions of these codes and standards shall apply.
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8.11NON-SEGREGATED PHASE BUS DUCT

8.11.1 General

Bus duct shall have continuous and short circuit ratings equal or exceeding all
eqmpment connected to the bus. Bus shall be non-ventilated and include all hot- dlppec]
after fabrication support structures. Flexible connections shall be provided at each '
termination point to allow for differential settlement. Appropriate sealing method shall be

provided for wall penetrations.

8.11.2 Bus Enclosures

Bus enclosures, fitting enclosures, and termination enclosures shall be ventilated-type

for indoor locations and totally enclosed non-ventilated type for outdoor locations.

Enclosures shall be fabricated from heavy gauge steel or aluminum with removable
covers for access to splice points of heaters. All covers or access points shall be
gasketed. Welded or riveted connection means shall be used for non-removable
construction. Top covers shall be solid, removable, and gasketed. Removable bottom
covers shall be provided where required for splice access. Bottom pan shall have
filtered breathers for outdoor section. All steel framing and panels shall be chemically

’ cleaned and phosphatized prior to painting. All outdoor and indoor sections shall be

painted. Bus enclosure shall be such that mating parts with termination boxes, elbows,
wall seal sections, and tees shall fit properly without warping, gaping, or distortion of the
enclosure or accessories. Connections between joining sections of enclosures or
accessories shall be bonded by the enclosure design or by jumpers to ensure electrical
continuity of the enclosure. The enclosure shall be designed to be hung from overhead
(indoors) or supported from below (outdoors). The bus duct manufacturer shall supply
all support hardware, hangers, and pedestals.

8.11.3 Bus Conductors

.., Bus conductors shall be multiple flat bar copper with silver plating at connections with

flame-retardant, track-resistant insulation, mounted on insulated supports. Bar size and

'quantity per phase shall be such that the continuous current rating specified shall not

cause bar temperature rise exceeding 65°C above a 40°C ambient. Bars shall be
insulated with “Noryl” sleeving or dipped with a fluidized bed epoxy coating. Bars shall
be mounted within the housing with flame retardant, molded, reinforced fiberglass
supports. Bérs shall be braced to withstand the available fault currents specified. Splice
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points shall use bolted connections that are accessible after installation for inspection.
Splices shall be fully insulated after installation with flame retardant PVC boots or flame

retardant insulating tape and jacketing tape.

8.12 BATTERY/UPS SYSTEM

This section covers furnishing a generating station unit battery complete with charging
system. Additionally, this section covers the furnishing of power conversion switching
and distribution equipment for continuous supply of electric power to critical AC loads.

8.12.1 Codes and Standards

All equipment furnished under these specifications shall conform to applicable standards
of |IEEE, ANSI, and NEMA. All materials and devices shall be in accordance with the
" applicable requirements of the Federal "Occupational Safety and Health Standards."
The latest edition of each code and standard shall apply.

8.12.2 Design and Construction

Each battery cell shall be wet cell, lead-acid pasted plate-type with lead-calcium alloy
plate grids or sealed type with 20-year expected life. Cell containers shall be sealed,
clear, shock absorbing, heat resistant plastic, with electrolyte high and low-level markeré
and spray-proof vents. Batteries shall be manufactured for full float service with a high
discharge rate, low deterioration rate, and low maintenance. Batteries shall be supplied
complete with all accessories (e.g. battery rack, inter-cell connectors). Racks shall be a
2 step configuration. Battery shall be installed in protected room ventilated with
conditioned air. Battery shall have a final discharge voltage of 1.75 volts per cell and a

design temperature of 30° C.

The DC power supply equipment shall include one battery (number of cells as required)
of required voltage to provide 125-volt DC power for plant switchgear control power,
protective relaying, steam turbine loads, and to the essential service AC system; two
redundant ferro-resonant battery chargers for each battery; DC switchboard, and DC

" panelboards as required. The equipment shall supply DC power in emergencies to
protect power plant equipment (UPS) and to ensure the safety of operating personnel.
The equipment shall provide power to trip circuit breakers, to energize emergency
bearing oil pumps, emergency lighting, continuous AC power supply equipment, and
critical control and protection systems.
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Each CTG is supplied with its own dedicated DC power system for combustion turbine ‘
DC loads.

The DC switchboard and panelboards shall have a main bus current rating as required
to supply the connected load. Battery leads to switchboard shall be run in individual
raceways for each pole. The continuous current ratings and interrupting ratings of the -
feeder breakers shall be based on the available fault current and the characteristics of
the connected loads or the battery chargers. Each panelboard shall include the feeder
breakers required to supply the connected loads plus six two-pole feeder breakers for
future use. Switchboard shall include bus voltmeter, battery ammeter with shunt, ground
detection and alarm, and low voltage alarm.

8.12.3 Rating

The Contractor, in accordance with IEEE 485 and these Specifications, shall determine
the capacity of each battery. With the actual discharge capacity of the battery at 80% of
rated discharge capacity, with the battery initially fully charged at the floating voltage
specified, and with the battery chargers disconnected, the battery shall be capable of
supplying the duty cycle specified. The ambient temperature during the duty cycle shall .
be 30° C. An aging factor of 25% and design margin of 20% shall be used. Contractor

shall submit battery calculations for approval.

8.12.4 Duty Cycle

The batteries shall be sized to safely shut down the plant under emergency conditions
without a source of auxiliary power or station service power. The station battery shall
also have adequate capacity to supply emergency lighting, continuous AC power supply
equipment, and critical control and protection systems for a period of three-hours

following an emergency shutdown.

8.12.5 Battery Charger Requirements

' Each battery charger-eliminator furnished shall be self-regulating, natural cooled, solid-
“state silicon controlled full wave rectifier type designed for single and parallel operation
* with the batteries specified under these Specifications. The parallel operation features
of the battery chargers shall include cross-compensation providing for equal sharing of
the charger loads. Chargers shall be able to provide the DC load requirements in the

event that batteries are disconnected.
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The chargers will be ser\}ed from a 480 volt, 3-phase, 60 hertz system.

The battery chargers shall maintain output voltage within plus or minus 2% from no load
to full load, with an input power supply deviation in voltage level of plus or minus 10%
and an input power supply deviation in frequency of plus or minus 5%.

Solid-state electronic circuits shall have AC and DC transient voltage protection and
shall be designed to recharge a totally discharged battery without overloading and
without causing interrupting operation of AC or DC circuit breakers.

Redundant chargers shall be provided for each battery. Charger shall be a full capacity
charger. Each charger shall have the capacity to recharge the battery in 8 hours
following complete discharge. Battery chargers shall also have a equalizing charge
mode. Battery chargers will be self-regulating after charging levels are manually
selected. Battery chargers shall be manufactured in NEMA 1 enclosures suitable for
placement in an indoor, environmentally controlled atmosphere. The battery chargers
shall require only front access, and will allow either top or bottom conduit/cable entry.

8.12.6 UPS Equipment Requirements

The continuous AC power supply equipment includes a voltage regulator, invertef, static
transfer switch, a manual bypass switch, and distribution panelboard. The equipment
shall provide 120-volt AC power to essential plant control, safety, and information

systems.

The equipment shall supply all plant essential loads that would be affected by a loss of
power of more than 1/4 cycle and excessive voltage and frequency deviations. The
equipment shall be rated so that one inverter can supply the total plant essential loads
plus 10% for future expansion. The distribution panelboard shall have a main bus
current rating as required to supply the connected loads plus six single-pole switches for
future use. The rat'ings of the fuses shall be coordinated with the characteristics of the
loads and the capabilities of the inverter. In addition to the plant loads furnished by this

. Contract, Contractor shall include critical AC loads for the combustion and steam turbine
i'ncluding HMI's, hydrogen control panel, fuel gas regulator station, communication
equipment, SCADA RTU's, and other critical loads determined during design.

The following equipment shall be designed and assembled to provide 120 volt, single-

phase, 60 hertz power to a 2-wire uninterruptible AC power system;
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Static Inverter 4

Full Capacity Static Switch

120 Volt AC Distribution Panelboard
Manual Bypass Switch '
Voltage Regulating Transformer

[ U U U W

All equipment, enclosures, and accessories shall be designed, arranged, assembled,
and connected in accordance with the requirements of these Specifications.

8.12.6.1 Static Inverter

The static inverter shall be solid-state type employing silicon controlled rectifiers and
other required solid-state devices to convert direct current power to essentially
sinusoidal alternating current power, and shall conform to the following characteristics

and requirements:

Voltage
Output | 120 volts, single-phase, 60 hertz.
Input (battery) 105 to 140 volts DC
Harmonic Distortion Not more than 5%, 0 to 100% load
Voltage Regulation Not more than plus or minus 2% at O to 100%
percent load, 1 .0 to 0.8 power factor, 105 to 140
volts DC Input
Output, Self-Regulated Automatic, not more than plus or minus 0.5% O to
100% load
Efficiency Not less than 80% at rated load and 1.0 power
factor
Duty Continuous
Cooling Natural convection or forced air cooling
Ambient Temperature 0-50°C maximum, 35°C normal
Minimum SCR De-rating 50% from peak voltage and peak current ratings

8.12.6.2 Inverter Capacity

The static inverter shall have the following minimum capabilities:
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Continuous Full Load Rating | The inverter shall be sized to supply power for 110% of

the Plant's critical 120-volt AC loads with 125%
overload capability for 10 minutes.

Step Load Pickup

Upon transfer of full load, the inverter output voItagéT\
shall not drop below 75% of nominal voltage during the
first half cycle after transfer and 90% of nominal voltage.
subsequently.

Fuse Clearing

Upon a fault in any branch circuit lateral feeder, the
inverter shall have the capacity to carry a load equal to
one-half of its full load rating and clear a 30-ampere,
fast-acting fuse in 4 milliseconds (1 /4 cycle) or less.
This requirement shall be met if the static switch fails to
transfer from the inverter to the alternate source.

8.12.6.3 Static Transfer Switch

The static transfer switch shall use silicon-controlled rectifiers and other static devices

required to automatically transfer loads from the "Normal" source to the "Alternate"
source. The static transfer switch shall conform to the following requirements:

Capacity, continuous

Equal to the continuous full load capacity of the inverter

Capacity, peak

1,000 percent of continuous rating for § cycles

Voltage

120 volts, single-phase

Frequency .

60 hertz

Transfer time sensing,

Including 1/4 cycle maximum. Transition shall be "make
before break." Voltage failure shall be sensed on the output |
of the static switch. Failure shall cause the static switch to
transfer. The static switch shall also transfer on over-current
prior to the inverter reaching a current limit mode.

‘Voltage transfer to
“Alternate" source

Automatic transfer to alternate source
When output voltage of inverter deviates plus or minus 10

percent from nominal

Over-current transfer
to "Alternate" source

Continuously adjustable from inverter
Continuous rating to inverter current limit rating

Exhibit A

8-33 06/03/05
Rev. 0



Retransfer to "Normal" | Return to normal shall be automatic for all source externally
"caused transfers such as overload or clearing of a branch
circuit fuse, but shall be manual for all internally caused.
transfers such as inverter, filter, or normal patch failure.

Overload 125 percent for 2 minutes

Line voltage transient 170-volt peak above normal line voltage tolerance
Ambient temperature 0-50°C maximum, 35°C normal

Cooling Natural convection or forced air cooling

Duty rating 125% Continuous

The static switch shall be provided with protective fuses in both "Normal" and "Alternate"
. power sources. The static transfer switch shall be furnished mounted in enclosures

described later in these Specifications.

8.12.6.4 Manual Bypass Switch

A manual bypass switch shall be used to isolate a static switch from its load and
alternate power supply and to take it out of service without power interruption to the load.
In so doing, it will connect the load bus to the alternate source. It shall have make-
befofe-break contacts, so that power supply to the loads is continuous during switch
operations. It shall be rated 600 volts, single-phase, 60-hertz, and shall have a

continuous rating 125% of output rating.

8.12.7 Distribution Panelboards

Panelboards for distribution of continuous AC power to essential loads shall be dead-
front type panelboards rated 120 volts AC. The hinged panelboard front shall cover the
fuses and wiring gutter, but not the switch handles. The enclosure door shall cover the

hinged front and switch handles.

Each panelboard shall be constructed for a 2-wire, single-phase distribution with a solid
neutral bar. Phase and neutral bars shall be copper. Rating of the main lugs shall be
" equal to the rated continuous full-load current of the inverter. ‘

Each panelboard shall have sufficient quantity single-pole, branch circuit protective
devices to serve all loads plus 25% spare. Circuit protective device sizes required will

be determined by Contractor.
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Circuit identification labels or tags shall be provided on the panelboard frdnt.

8.12.8 Construction Details

Details of construction shall conform to the requirements of the following paragraphs.

Enclosures shall be ventilated switchboard type, fabricated from not less than 14 uss
gage sheet steel. Enclosures shall be designed to permit easy access to all components
for maintenance or replacement. The enclosures shall be reinforced with formed steel
members as required to form a rigid self-supporting structure. Doors shall have thee-

point latches.

‘ AAdequate ventilating louvers and openings and enclosure top panels shall be included.

All vent openings shall be covered with corrosion resistant fine screen coverings.

If the equipment supplied réquires forced air cooling, the cooling system furnished shall

meet the following requirements.

1. Reserve cooling equipment shall be furnished for each switchboard
assembly. Reserve fan capacity shall be equal to 100% of cooling fan
requirements for full-load operation at the specified maximum ambient

temperature.

2. Completely independent duplicate wiring and control systems shall be ,

‘provided for the normal cooling fan system and the reserve cooling fan

system.

3. Each cooling fan shall normally run continuously and shall be powered from
the output of the inverter. Each cooling fan supply circuit shall be separately
fused.

4. Each cooling fan shall be equipped with an airflow switch having an alarm

contact that closes upon failure of airflow.
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8.13 EMERGENCY DIESEL GENERATOR

8.13.1 General

Furnish and install an outdoor self-contained integrally assembled low-emission
emergency diesel generator system to automatically start and energize critical busses: in
the event of loss of station power. Critical loads include loads to keep combustiqn
turbine in the ready to start condition, battery chargers, turning gear, seal oil pumps, Iubé
oil pumps, emergency lighting, and other loads as developed during the design phase.

8.13.2 Design and Operation

Unit shall be designed for No. 2 fuel oil with an integral day tank for 18 hours operation
before filling. Heaters shall be provided to maintain water temperature to allow unit to be
brought to full load within 30 seconds of starting. Provide day tank fuel oil heaters if
required due to low ambient temperatures. Provide local panel for control and monitoring
of unit. Unit shall be capable of remote control from the plant distributed control system.
Unit shall be capable of automatic starting and synchronizing to hot or dead bus. Include
any required fire protection equipment.

8.14 ELECTRIC MOTORS

Except for valve motor operators (specified elsewhere), these motor specifications are
applicable to all electric motors furnished under these Specifications. Special
requirements for individual motors and specifications for special application motors are
included in the equipment technical sections, as required. All motors shall be Premium

Efficiency.

'All motors shall conform to applicable standards of ANSI, IEEE, NEMA, and AFBMA,
except where modified or supplemented by these specifications. All equipment and
materials shall be in accordance with the applicable requirements of the Federal
"Occupational Safety and Health Standards.” The latest edition of these codes and

standards shall apply.

The motor nameplate horsepower multiplied by the motor nameplate service factor shall

be at least 15% greater than the driven equipment operating range maximum brake
horsepower. Motor ratings shall be based on site maximum design ambient temperature. .
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. Any motors used in variable frequency applications , such as air-cooled condenser fans,
shall be rated for the application and type of drive. '

Motors shall be designed for full voltage starting and frequent starting where required, ‘
and shall be suitable for continuous duty in the specified ambient. Intermittent duty
motors may be furnished where recognized and defined as standard by the equipment
codes and standards. Motors shall be sized for the altitude and temperature range at

which the equipment will be installed.

Except as specified otherwise in the individual paragréphs or technical sections, the
torque characteristics of all induction motors at any voltage from 90% rated voltage to
110% rated voltage shall be as required to accelerate the inertia loads of the motor and
driven equipment to full speed without damage to the motor or the equipment.

8.14.1 4000 and 460 Volt Integral Horsepower Motors

Motors %- hp to 200-hp shéll be rated 460-volt, 3-phase, 60-hertz. Motors 250-hp and

~greater shall be rated 4000 volt, 3-phase, 60-hertz. Design and construction of each

‘ 460-volt integral horsepower motor shall be coordinated with the driven equipment
requirements and shall be as specified herein. Any exceptions shall be approved by

Owner.

The following nameplate data shall be included:
1. Starting limitations, if any.
2. AFBMA bearing identification number for motors furnished with rolling

element bearings.

For motors designed for service in hazardous areas:
1. Location class and group design.
2. Maximum operating temperature value or operating temperature code

number.
3. All other motor data such as horsepower, FLA, service factor and related

items.
4. All motor nameplates and attachment pins shall be corrosion-resistant metal.

All motors shall be self-ventilated unless required otherwise.

‘ Enclosure parts for all motors (e.g., frames, bearing brackets, external fan covers) shall
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be made of cast iron, cast steel, sheet steel, or steel plates. Aluminum enclosure parts
are not acceptable. All open-type motors and the fan covers of totally enclosed fan-
cooled motors shall meet NEMA MG 1 requirements for a fully guarded machine.

Totally enclosed motors shall be furnished with drain holes and rotating shaft seals.
Drain holes shall be provided with Crouse-Hinds Type ECD "Universal" combination
water drain-breather plugs, or approved equal. Motors for outdoor service shall have all
exposed metal surfaces protected with a corrosion-resistant polyester paint or coating.

In addition to the preceding requirements for outdoor service motors, totally enclosed
motors with NEMA waterproof features shall have enclosure interior sur_faces and the
stator and rotor air gap surfaces protected with corrosion-resistant alkyd enamel or with
. polyester or epoxy paint or coating. Bolts, nuts, screws, and other hardware items shall
be corrosion-resistant or heavy cadmium-plated metal. A rotating labyrinth shaft seal
shall be furnished on the shaft extension end of the motor.

Motors specified for Class |, Group D locations shall be UL approved and labeled.

Except as specified in the following paragraph, all insulated windings shall have Class F
Non-hygroscopic insulation systems limited to class B rise. Motors larger than 200 hp
shall be provided with sealed insulation systems and be abrasion resistant for any open

motors.

All insulated winding conductors shall be copper. The winding temperature rise for all
motors, when operating at the nameplate horsepower multiplied by the service factor
shall not exceed 80°C. Motors larger than 200 hp shall have 2 embedded RTD's per

phase.

All motors furnished in NEMA 180 Frame Series or larger shall have space heaters.
Space heaters shall be rated a 120 volts, single-phase, 60 hertz. Space heaters shall be
sized as required to maintain the motor internal temperature above the dew point when
the motor is idle. The space heaters shall not cause winding temperatures to exceed
rated limiting values, nor cause thermal protective device "over temperature” indication

when the motor is not energized.

Terminal housings for totally enclosed motors shall be cast iron. Terminal housings for
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all other motors shall be cast iron, pressed steel, or fabricated steel. Housings shall be
diagonally or longitudinally split with a gasket between the split halves 6f the housing.
Each housing shall have a threaded opening to provide a watertight, rigid connection
with the conduit, and shall be designed for rotation in 90-degree increments, or have
other provisions to receive conduit from any of four directions

All leads shall be wired into the motor terminal housing. All leads and their terminals
shall be permanently marked in accordance with the requirements of NEMA MG 1, Part
2. Cable-type leads shall be provided with compression-type terminal connectors.
Motors 2500 hp and larger shall be provided with surge protection and current
transformers for motor differential protection.

4Each motor shall be furnished with a grounding connector attached to the motor frame

inside the motor terminal housing. The grounding connector may be a lug or terminal or
other acceptable grounding connector. Motors larger than 200 hp shall have grounding
pad on frame for connection to plant ground grid.

Antifriction radial and thrust bearings shall be designed and fabricated in accordance
with AFBMA standards to have a minimum: L, rating life of not less than 130,000 hours
for direct coupled service, and not less than 42,500 hours for belt or chain connected
service. Grease lubricated radial bearings shall be double-shielded.

Oil ring lubricated-type sleeve bearings shall be provided with oil level sight glasses
marked for required oil level at motor running and motor standstill. The oil ring shall be
one-piece construction; split-type construction will not be acceptable. Stationary
labyrinth seals shall be bronze material. ‘

Sleeve bearings, end bells, and bearing housings for horizontal motors shall be split-type
when available for the frame and the enclosure specified. Air gap measurement holes or

' other acceptable means will be provided in each motor end enclosure for checking air

. ‘gap of sleeve bearing motors.

Sleeve bearings on horizontal motors shall be designed and located centrally, with
respect to the running magnetic center, to prevent the rotor axial thrust from being
continuously applied against either end of the bearings. The motors shall be capable of
withstanding without abnormal damage the axial thrusts that are developed when the
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motor is energized.

Motors furnished with spherical roller thrust bearings shall also be furnished with deep
groove radial guide bearings. One guide bearing shall be locked to the shaft so that the
guide bearing will take upward thrust and to assure that the thrust bearing is alwa_ys
loaded. If spring lbading is furnished, the guide bearing shall not be preloaded during

L

normal operation.

Thrust bearings for vertical motors shall be capable of operating for extended periods of
time at any of the thrust loading imposed by the specific piece of driven equipment
during starting and normal operation without damage to the bearing, the motor frame, or

. other motor parts.

Stacked antifriction bearings will not be acceptable, except as vertical thrust bearings in
frame sizes up through NEMA 360 Series open-type enclosures and up through NEMA
680 Series open-type enclosures. Where stacked bearings are furnished, matched pair
precision tolerance bearings with flush ground sides shall be provided. Bearing seats on
the shaft and in the bearing housing shall have accuracy equal to that of the bearing. |

Grease lubricated bearings shall be self-lubrication and re-greaseable. Bearings and
bearing housings shall be designed to permit disassembly in the field for inspection of

the bearings or removal of the rotor.

Bearing lubricants shall contain a corrosion inhibitor. The Contractor shall furnish all
lubrication information required to assure proper equipment startup and subsequent
bearing maintenance. All induction motors shall have squirrel-cage rotors. '

Where shipment permits, motor output shafts shall be complete with motor half-coupling
mounted, connected to the driven equipment, and adjusted ready for operation. Where
motor size prevents shipment with motor connected to driven equipment, the motor half-
coupling shall be factory-mounted for field connection to the driven equipment.

Motors shall have torque and locked rotor current in accordance with NEMA MG 1,

Part 12 and sufficient to meet starting requirements of loads.

The maximum motor sound level shall be 85 dBA.
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8.14.2 Fractional Horsepower Motors

Motors rated less than %-hp shall be rated 115-volt, single-phase, 60-hertz except for
valve or damper operators. Motor rating, service factor, and nameplate data shall
conform to the requirements of NEMA MG 1 standards. | ‘ |

Motor nameplate horsepower ratings shall not be exceeded when the equipment is
operating within the limits of the design conditions specified. The motor loading shall not
exceed the motor service factor rating on startup conditions or at the equipment

maximum load point.

All motors shall be self-ventilated. Fully guarded enclosures shall be furnished on all

~.motor enclosure types having accessible moving parts other than shafts. All insulated

winding conductors shall be copper. Shafts of motors shall be furnished with corrosion-
resistant treatment or shall be of corrosion-resistant metal.

Capacitors, as required, shall be furnished in rembvable metal enclosures mounted on
the motor frame. Lock washers shall be provided under the heads of the enclosure hold-

down bolts.

Manual reset thermal protection, for both stalled rotor and overload protection, shall be
furnished on all motors where available unless specified otherwise in the individual
technical sections. All motors shall be completely assembled with the driven equipment,

lubricated, and ready for operation.

8.15 RACEWAY

This section covers furriiéhing and field installation of a complete raceway system in

accordance with these specifications.

The raceway system is defined to include conduit, flexible conduit, continuous rigid cable
supports called "cable tray" herein, underground duct, wireway, cabinets and boxes, and

'| all materials and devices required to install, support, secure, and provide a complete

system for support and protection of electrical conductors.

The design and specifications for the raceway system used in supporting and protecting
electrical cable shall be in accordance with the provisions of the NEC. Fire stops shall be
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provided wherever raceways penetrate floors or fire rated walls.
Individual raceway systems shall be established for the following services: |

4160 volt power.

480 volt and 125 Vdc power.

600 volt control cable.

Special electrical noise-sensitive circuits or instrumentation cable.
Lighting '

Fiber optical

o0 A LN A

Lighting branch circuits, telephone circuits, fiber optic cables, and intercommunication
circuits shall be routed in separate conduit systems. Lighting circuits shall be routed in
electrical metallic tubing (EMT) for indoor concealed areas, rigid conduit for hazardous
exposed and outdoor areas, and polyethylene (PVC) tubing or Schedule 40 PVC conduit

for underground.

Hot dipped galvanized conduit (after fabrication) shall be used for. above ground power
control wiring. Fiberglass or aluminum tray and conduit shall be used for corrosive areas.

Rigid galvanized steel conduit shall be used for routing individual circuits from the cable
tray system to individual devices and pieces of equipment. Liquid-tight flexible conduits
shall be used on all motor connections and all other connections subject to vibration.
All undergrbund duct banks shall consist of Schedule 40 PVC conduit encased in
concrete. Duct banks shall be reinforced at road crossings and areas subject to heavy
loads. Duct banks shall have red dye incorporated in the top two inches of concrete.
Galvanized steel conduit shall also be installed for digital and analog low level circuits to
provide noise immunity from adjacent power circuits if required. Risers shall be concrete
‘ encased conduit. Spare ducts shall be provided in each duct bank run equal to 20% of
“the total number of ducts with the size of the spare ducts equal to the largest size duct in
" the duct bank. Duct banks shall be sloped to provide proper drainage.

Duct banks shall be assembled using non-magnetic saddles, spacers and separators as

recommended by the duct manufacturer. Separators shall provide 3 inches minimum

concrete between the outer surfaces of the conduits.
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Duct bank routes shall be identified at 100 feet (minimum) intervals by means of a 4
inches x 4 inches concrete marker set flush with grade and with the letter “E” and an
arrow cast in the top. Markers should be approximately 3 feet in length and shall be
placed at the side of the duct bank to prevent puncturing of ducts if marker is run over by

a vehicle.

Reinforced concrete manholes shall be provided, where required, so that cable may be
installed without exceeding allowable pulling tensions and cable side wall pressures.
Each manhole shall have the following provisions:

1. Provisions for attachment of cable pulling devices.

2. Provisions for racking of cables.

3. Manhole covers of sufficient size to loop feed the largest diameter cable
through the manhole without splicing. '

4. Sealed bottoms and sumps.

The installation épecifications included in this article apply to all raceway system

-components.

8.15.1 Routing of Above Grade Raceway and Conduit

The Contractor shall route raceway and conduit and shall coordinate conduit locations
with other equipment and structures. Raceway and conduit shall be routed so that, \
except where they are being lowered to enter equipment, the lowest part of the raceway
or conduit, including its associated supports and appurtenances, is at least 6'-8" above
the closest floor or walking surface beneath it. Raceway and conduit may be routed a
reasonable distance away from the supporting’ wall, ceiling, or structural member so long
as the specified support is provided, interference with other equipment and structures is
avoided, and the routing is acceptable to the Owner. Raceway and conduit, including

'their associated supports and appurtenances, which must be routed closer than 6'-8"

., ‘above the closest walking surface beneath it, shall be routed as close as possible to

" surfaces of walls, columns, and the equipment served. Conduit supports shall be spaced

no longer than 10 feet. All junction, terminal, and pull boxes shall have construction

suitable for the environment and area classification. Expansion couplings are required

for every 100 foot.
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All raceway and conduit shall be installed in a neat, rectangular form. Special attention
shall be given to securing a neat appearance. All raceway and conduit shall be installed
perpendicular or parallel to the major equipment, building structure, and floor levels,

except in special cases consented to by the Owner.

8.15.2 Electrical Cable Tray System

An electrical cable tray system shall be furnished and installed in accordance with these
Specifications. The electrical cable tray shall be in accordance with the requirements of
NEMA VE 1 except that, in case of conflict between the requirements of these
Specifications and the requirements of NEMA VE1, the requirements of the latter shall
govern to the extent of such conflict. Tray shall be installed in a continuous system. In
addition to and concurrent with the load specified in this section, the tray shall be
| designed to withstand a concentrated load of 200 pounds at the mid-span, at the center

of the rung or on either side rail.

Cable trays shall be of ladder-type construction with a rung spacing of 6 to 9 inches,
nominal depths of 4 to 6 inches, and various widths as required. Cable trays shall be
supported in accordance with NEMA VE-1 standards.

Cable trays and fittings shall be the standardized products of a single manufacturer
designed to permit easy assembly in the field. The parts shall consist of the
manufacturer’s standard straight sections, crosses, tees, reducers, flat and riser elbows,
as required to suit the layout. Coupling between the members shall be manufacturer's
standard. All fittings shall be designed and constructed so that (1) the assembled system
will be free of sharp edges or projections on surfaces which contact the cables, and (2)
the cables will not be bent, either during installation or in the final position to radii less
than allowable for each respective size and type. Dropout fittings shall be provided
where required to maintain the minimum cable-bending radius. Where warranted,
Contractor may use tray dividers for different class cables. The fill of each of the

respective sections shall not exceed NEC limits.

Solid bottom trays shall be provided for all special noise-sensitive circuits and analog
instrumentation circuits. Instrumentation trays shall be of steel solid bottom trough tray,
galvanized after fabrication. All instrumentation trays shall have complete coverage with
solid tray covers. Standard ladder type tray without tray covers may be utilized for
instrumentation circuits if this installation method and separation criteria is acceptable to
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equipment vendors. In any case, shielded, twisted pairs shall be utilized for all low level

signals.

All trays shall be of steel or aluminum construction, width and depth as required f?r
application.  All trays shall be designed with a safety factor of 2.0. Cable tray shall be
labeled with the tray type and node designations shown on the Contractor's drawings.
Labels shall be of the adhesive type and shall be applied to both sides of each tray at
the locations shown on the Contractor's Drawings. Letters and numbers on the labels
shall be minimum of two inches in height and shall be colored as follows:

Power Tray: Black characters on red background
Control Tray: Black characters on yellow background
Instrumentation Tray: Black characters on green background

8.15.3 Covers

Except as specified otherwise herein, all indoor vertical trough and ladder-type trays
shall be furnished with: ventilated covers to provide mechanical protection to cables
which are exposed to traffic. All indoor horizontal trays located under grating floor or
insulated pipe shall be furnished with covers which, on trough and ladder-type trays,
extend at least two feet beyond that part of the trays directly exposed beneath the
grating floor or insulated pipe. Indoors, covers may be omitted on those lower trays of
stacked trough and ladder-type trays where a covered tray at a higher elevation in the
stack provides complete vertical shielding to the lower tray. The top level of outdoor tray
runs shall be furnished with covers. Trays which are specified to have solid bottoms
shall also have solid covers throughout including all horizontal runs, all fittings, and all

vertical runs.

8.15.4 Tray Supports

Tray supports shall be furnished and installed in accordance with these Specifications.
The Contractor shall be responsible for designing the cable tray support system within

“the allowable limits specified by the manufacturer of the support hardware.

Each support shall be capable of supporting the uniform weight of the trays, plus their
nominal uniform cable loads, plus a 200-pound concentrated load without exceeding the
allowable limit of any element of the support system. The safety factor of support
hardware shall not be considered in determining the suitability of any element, except
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that the safety factor shall not be less than 2.0 for any support element.

Hanger rods shall not be smaller than 1/2-inch diameter electro-galvanized threaded

steel rods.

8.15.5 Material

Underground duct system materials furnished under these Specifications shall be new
and undamaged and shall conform to the following requirements:

Duct Polyvinyl chloride, Schedule 40 PVC in accordance
‘ with NEMA TC-2.

Couplings Plastic, for use with duct previously specified and
"Duct-to-steel" adapters as required, including joint
cement. B

Spacers Plastic high impact, interlocking, base and
intermediate type

Factory bends and sweeps Schedule 40 PVC, 36 inch minimum radius

End bells Plastic

Plugs Plastic, high impact, tapered to fit end bell provided

Duct binder Hemp or sisal twine coupling ' -

Riser termination Rigid hot-dip galvanized mild steel coupling

Riser bends Rigid steel conduit elbows, factory or field made, 36-.

inch minimum radius, 90 degree, entirely concrete
encased below grade; hot-dip galvanized rigid mild |
steel in accordance with ANSI C80.1 and UL 6; the
conduit interior and exterior surfaces having a
continuous zinc coating with an overcoat of

transparent enamel or transparent lacquer.

8.16 CONDUCTORS

In general, conductors shall be insulated on the basis of a normal maximum conductor
temperature of 90°C in 40°C ambient air with a maximum emergency overload
temperature of 130°C and a short-circuit temperature of 250°C for medium voltage
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. cables and 75°C for 600 volt cables. Power conductor size and ampacity shall be
coordinated with circuit protection devices. Conductor minimum size shall be the largest
conductor of the following:
1. Applicable standards
Maximum ambient temperature

125 % of connected load - o
For bus feeders 100 % of connected load plus 25 % of running load.

90% minimum motor terminal voltage on starting (except if motor is designed

o oD

for lower terminal voltage)

6. Voltage drop from no load to full load for switchgear and MCC's excluding
transformer drop per NEC.

7. Computerized thermal model of cable position in duct bank (85°F average
soil temperature). ’ ’ o

8. Cable temperature rise due to short circuit.

9. Worst environmental condition when routed through multiple areas;

Insulated cable, conductors, and conductor accessories shall be furnished and installed

. in accordance with the requirements of this section of these Specifications. Insulated
cable, conductors, and conductor accessories shall be furnished in quantities sufficient
for a complete installation as indicated in these Specifications.

Installation shall be defined to include placement, splicing, terminating conductors;
coiling and taping of spare conductors; identification, testing, and verification of each
circuit, cable, and conductor. Installation of cable in trays shall also include removal and
replacement of cable tray covers. Installation shall be in accordance with manufacturer’s
requirements. Manufacturer's pulling or side wall tension shall never be exceeded.
Contractor shall submit recorded cable tension feports. Cable shall be supported by
conduits or tray for any cable routed over tray side wall. Any bottom exit cables shall be
shall have suitable fittings. Cable in vertical tray risers shall be supported every 2 feet or

less to prevent stress on cable.

' Terminatihg a conductor shall include installing cable termination kits for shielded cable,
attaching the conductor at its designated location, and insulating the entire connection

where specified or required by the application.
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8.16.1 Cable Specifications

The cable furnished shall be flame retardant construction meeting IEEE 1202 and UL
1581 and manufactured in accordance with the applicable ICEA standards and suitable
for wet or dry locations. All cable installed in trays shall be rated for tray use. All cable
shall have surface printing showing manufacture’s name, insulation type, jacket type,
conductor size, conductor type, voltage rating, and numbered footage markers. Control
and instrument cables shall be terminated with ring tongue connectors. Compression
type terminals may be utilized if this is the manufacturer's only offering. Special
construction cables as required to meet equipment supplier requirements (turbine-
generator) shall meet the following requirements to the extent possible in addition to
meeting supplier requirements. Control, metering, and relaying cables routed to the
. switchyard shall have construction as follows except cable is to be shielded

The cable furnished shall conform to the cable descriptions included below:

CABLE
TYPE DESCRIPTION

Medium Voltage Power 25,000 and 5,000 volts, single-conductor and three
conductor with ground, Class B stranded copper,
ethylene propylene brubber (EPR) 133% insulation,
conductor, insulation and tape shield; and
chlorosulfonated polyethylene (CSP), polyvinyl
chloride (PVC), or chlorinated polyethylene (CPE)
jacketed. Where specified by OEM unshielded
cables are to be used.

Low Voltage Power 600 volts, single-conductor, Class B stranded
copper; EPR or XLP insulated; CPS, PVC, or CPE

jacketed.

Low Voltage Power 600 volts, three-conductor; concentric lay, stranded
copper with a ground wire in the interstices;
FRXLPE or FREPR insulation; CSP, PVC, or CPE
jacketed overall.

Control Control cable, 600 volt, multiple-conductor, as
required, stranded copper, 10 AWG, 12 AWG, 14
AWG; multiple-conductor, XLP insulation; CSP,

Exhibit A | 8-48 06/03/05
Rev. 0




PVC, or CPE jacketed overall.

Thermocouple

Thermocouple extension cable, one, four, six, and
eight twisted pairs, solid alloy conductor with the
same material as the thermocouples, with shield
over each pair (except for one-pair construction)
and with an overall shield, 16 AWG single pair; 20
AWG multi pair; FRXLPE or FREPR insulation;
aluminum mylar tape shield with drain wire; CSP or
CPE jacketed overall.

High Temperature Thermocouple

High temperature thermocouple extension cable,
single-twisted pair thermocouple extension cable;
solid alloy conductor with the same material as the
thermocouples; 20 AWG; with normal maximum
operating temperature of 200° C; Teflon insulation;
aluminum mylar tape shield with drain wire; Teflon
jacketed overall. ‘

Instrumentation

Instrumentation cable, 300 V minimum, flame
retardant single-and multiple-twisted pairs and
triads, shielded instrument cable with individually
shielded pairs, overall shield, and overall jacket;
FRXLPE or FREPR insulation; CSP, PVC, or CPE
jacketed overall. (Single pair or triad 16AWG, multi-
pair or triad 18AWG).

High Temperature Instrumentation

Same as instrumentation ab_Ie above 200°C Teflon
insulation and jacket.

High Temperature Fixture Wire

High terﬁperature control and fixture wire, single-
conductor control cable; stranded copper; 12 AWG;
stranded copper, with normal maximum operating
temperature of 200°C; silicone rubber insulation;
braided glass jacket.

Lighting & Receptacles

Lighting circuit runs totally enclosed in conduit,
NEC Type RHH-RHW-USE with XLPE insulation
for use in outdoor or unheated areas.
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8.17 GROUNDING

This section covers the furnishing and installation of grounding materials complete as

specified herein. |

The station grounding system shall be an interconnected continuous network of bare
copper conductor and copper-clad ground rods (ground wells maybe used instead of
ground rods if dictated by the soil analysis). The system shall be designed to protect
plant personnel and equipment from the hazards that can occur during power system
faults and lightning strikes. Contractor shall perform ground resistivity testing prior to
final design to determine ground analysis parameters. Ground system design will include
| switchyard and incoming lines in the development of the ground model. The grounding

system shall be designed to ANSI/IEEE standard 80, 142, and 665 and NEC Sec. 96A.

The station grounding grid shall be designed for adequate capacity to dissipate heat
from ground current under the most severe conditions in areas of high ground fault
current concentrations, with grid spacing such that safe voltage gradients are maintained
but no grater than 50 feet.. Ground cable shall be sized for a fault duration of 0.5
seconds. The ground system shall be designed to have a resistance to ground of 1
ohms or less. The minimum ground grid conductor size shall be 4/0. Upon completion of
ground system installation, perform ground system testing to verify design. Detailed
design shall conform to Owner’s requirements as covered in Appendix H.

Bare conductors to be installed below grade shall be spaced in a grid pattern. Each
junction of the grid or other connections will be bonded together by an exothermal

welding process.

If required to maintain step and touch potentials, areas not covered with asphalt shall be
covered with a minimum of 4’ (more if required for step and touch potentials) of suitable
‘crushed rock if not all ready required as part of the site development.

Grounding stingers shall be connected to the building steel, fences, and equipment.
Equipment grounds shall conform to the following general guidelines:
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1. Grounds shall conform to the NEC and NESC.

2. Major items such as generators, switchgear, secondary unit substations,
motor control centers, relay panels, medium voltage motors, and control
panels shall have integral ground buses, which shall be connected tothe |

station ground grid.

3. Electronic panels and equipment shall be grounded utilizing an insulated
ground wire connected in accordance with the manufacturer's
recommendations. In some situations, a separate small grid and ground rod,
isolated from the main ground, may be required by the vendor. Where
practical, electronics ground loops shall be avoided. Where this is not
practical, isolation transformers shall be furnished.

4. Ground conductors will be sized in accordance with the NEC.

5. All single conductor ground wires installed in conduit shall be insulated.
Ground conductors included in a multi-conductor power cable may be

uninsulated.

| 6. Grid extended to 4 feet on the inside and outside of the fence line with
connections to any access gates. Fence to be grounded at points no greater
than 40 feet with ground rods driven at that point. Risers shall be #4
connected to fence fabric. '

7. All electrical raceways to be grounded to main grid system.

Remote buildings and outlying areas with electrical equipment shall be grounded by
establishing local sub-grade ground grids and equipment grounding systems in a
manner similar to the plant area. Remote grids shall be interconnected with the station
ground grid to reduce the hazard of transferring large fault potentials to the remote area
through interconnecting instrumentation and communication cable shields.

8.17.1 Ground Grid Design

The final conductor sizing, grid configuration, grid depth, grid spacing, and quantities of

v !‘conductor for the grid is to be determined during detailed design. Ground resistance

shall be equal or less than one (1) ohm as confirmed through final ground grid design
and testing (as defined above). Site specific soil resistivity studies are required to firm
up this desigh. Specialized ground system software will be utilized for the final design.
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Materials .

All grounding materials required shall be furnished new and undamaged in accordance

with the following requirements:

Rods % inch 10-foot copper-clad standard type. The copper cladding
| shall be electrolytically bonded to the steel rod or bonded by a
molten welding process. Cold rolled copper cladding is not
acceptable. Ground rods shall be as manufactured by Blackburn,
Weaver, or Owner-apprbved equal.

Cable
Bare Soft drawn copper, Class B stranding, ASTM BB
Insulated Soft drawn copper, Class B stranding with green colored
polyvinyl chloride insulation, UL 83, Type TW, THW, or THHN.
Wire Mesh Copper-clad, 6 AWG, 6 inch by 6 inch mesh spacing, copper
weld or Owner-approved equal.
Bus and Bars Soft copper, cross section not less than 1/8 inch thick by 1 inch
wide, ASTM 8187.
Exothermal o Molds, cartridges, materials, and accessories as recommended
| Welds by the manufacturer of the molds for the items to be welded.

Cadweld heavy duty or Owner-approved equal. Molds and
powder shall be furnished by the same manufacturer.

Flush ground plates | Cadweld B-162 Series, B-164 Series, or Owner-approved equal
ground plates with NEMA hole spacing.

All clamps, connectors, bolts, washers, nuts, and other hardware used with the

grounding system shall be of copper.

8.18 PLANT SECURITY SYSTEM

+ Contractor shall install raceway, power cable, and fiber optic cable to each of the plant
_fence corners, main entrance gate, and contractor turnstile gate. The cables shall be
' routed to an area designated by Owner in the control room for connection to Owner

furnished security system

8.19 ELECTRICAL TESTING

Contractor shall perform detailed testing for all equipment , materials, and systems
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. furnished under this Contract. Equipment shall be tested in accordance with

manufactures instructions and NETA (National Electrical Testing Association -
Acceptance Testing Specifications for Electric Power Distribution Equipment and
Systems) requirements. In addition to equipment tests, Contractor shall perform
functional tests to verify proper operation and interlocks of equipment. Any procedures
that may affect the existing plant shall be coordinated with Owner.

Contractor shall prepare detailed written step-by-step procedures for major electrical
functional tests such as back-feed and synchronization. Procedures shall include
predicted values as well as actual measured values. These procedures shall be
submitted to Owner for review and comment. Prior to the start of any of these major
tests, all associated parﬁes shall sign-off on the procedure.

Contractor shall prepare a hardbound notebook with copies of the testing reports. In
addition CD's shall be prepared with electronic copies of the reports plus any manuals,
software, or reference material used in the plant teéting. Owner may choose to witness
some tests. Priorl to start of the testing program coordinate with Owner to identify tests

. they may witness.
e de de de de 3 e o ok o ok e
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SECTION 9.0
INSTRUMENTATION AND CONTROLS

9.1 GENERAL REQUIREMENTS

This section covers the minimum scope, technical requirements and quality standards
for the combine cycle power block instrumentation, control systems, Equipment and
interfaces with other plant systems and facilities. The Contractor shall provide all
Materials and labor for the engineering, design, procurement, delivery, staging,
installation, construction, inspection, factory testing, startup, and commissioning of all
- instrumentation and controls systems speciﬁed herein and necessary for a complete,
functional combine cycle power generating facility and in conformance with generally
accepted practices for generating facilities. All control and instrumentation design will be
performed under the superv.ision of a Professional Engineer. In addition, all Work shall
comply with applicable codes and standards identified in Section 3.0 including all State

and local codes, laws, ordinances, rules and regulations.

Provide instrumentation and controls for the plant to keep the number of plant operators
to a minimum while providing sufficient monitoring and control capabilities, ensuring
continued safe and reliable operation of the plant, and alerting the operators to any
abnormal conditions or situations requiring manual intervention in a timely manner. The
facility shall be capable of operating at all normal and abnormal conditions, including hot
startup with one control room operator and one outside opérator. During cold startup,
the plant shall be capable of operating with one control room operator and two outside

operators.

The integrated control of all plant systems shall be accomplished using Distributed
' Control Systems (DCS) as described in this Specification.

. Provide discrete, independent, and dedicated 1/O racks, DCS controllers, and operator

interfaces. Controllers and operator interfaces shall be networked together to provide an

integrated control system. The controllers, I/O racks, raceways, and conduit shall be

completely physically independent of other system. DCS, controller, communication

modules, I/O racks shall be partitioned to logical arrangements.
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~In general, modulating controls shall be backed up by interlocks and/or .safety systems
which cause pre-planned actions in cases where unsafe conditions develop faster than
the modulating controls or the operator can be expected to respond.

Skid mounted Programmable Logic Controllers (PLC) shall be interfaced with the DCS to
provide full remote control and monitoring capabilities to the operator. Specific control
and monitoring requirements for major systems are described in the Specification

sections covering the systems.

All instrumentation and control equipment shall be of proven design and shall be
selected to achieve the highest level of plant availability and ease of equipment
‘maintenance. Control and instrumentation provided shall be complete in all respects,
requiring no further additions. Standardization of instrumentation and controls hardware
shall be observed throughout the Project. All instruments, control valves, PLC
controllers, and other control devices of a common nature shall be of the same
manufacture, and wherever practical, shall be of identical model. DCS controllers shall
be of identical manufacture and model. All electronic field devices shall be Smart,
Highway Addressable Remote Transducer (HART) compatible.

All PLC controllers shall be located in air conditioned rooms or enclosures.

In general, local single closed loop control may be utilized for the control of systems that
do not require optimization such as, for example, blowdown tank level. Individual
sensors with integral or local controls, for example, direct level controllers shall be

utilized for these types of loops.

Redundant components, as required by code, shall be installed as completely separate
devices with individual sensing taps and individual isolation capability.

“All critical sensors for continuous controls and protection shall be redundant. No control
"I/O signals shall be multiplexed. Indication signals may be multiplexed at the

Contractor’s option.
Mechanical equipment shall be provided with safety interlocks incorporated into the
system controls to prevent damage to the equipment. Mechanical systems shall
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incorporate in their control the necessary equipment recommended by the manufacturer
to assure that operational Contract conditions, as set forth by Owner, have been

complied with.

' |
Mechanical equipment on standby status shall automatically start when system
conditions are beyond the parameters set for normal operation. Annunciation shall be
provided whenever a "standby" piece of equipment is placed into service.

9.2 DISTRIBUTED CONTROL SYSTEM (DCS)

The DCS shall be designed for automatic supervisory control of the combined cycle
generation plant as well as to initiate manual commands and shall provide safe, reliable,

and efficient operation of the plant.

The DCS shall include supervisory controls, plant process operation monitoring, plant
operating condition indication, and display to advise operating personnel of the current
operating status of the plant. During normal operation or in the event of an abnormal
plant upset condition(s), the DCS shall enable the operator to take over and manually

control the plant.

The DCS shall contain sufficient built-in hardware and software redundancy to include
but not limited to redundant control processors, redundant data highWay and power

supplies with automatic changeover to the standby unit upon detection of a fault of the - -

operating units. The failure of any single element shall not affect the operations or
monitoring of the plant. |

The DCS shall be utilized to the maximum extent possible for control, monitor, logging, .
alarm annunciation of plant equipment and the ‘process. Features of the DCS shall
include redundancy of controllers, redundancy of power supplies, operator stations,
printers, and redundant communications. In addition to control capabilities, the system
shall include all features required for historical data recording, data processing, and
‘minor calculations for report generation and billing purposes. Consolidation of files shall
be selectable. A minimum of thirty (34) days data storage capacity shall be provided With
system to allow for downloading to a CD/DVD drive or DAT-tape drive.

Where process equipment is furnished with its own packaged controls and instruments,
these devices shall be interfaced with the DCS as required to provide full data for
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monitoring, logging, to annunciate, and acknowledge alarm conditions, and to fully
communicate DCS commands and responses to and from the packaged controls as
required via redundant gateway interfaces.

A control room operator using the DCS shall be capable of supervisory control including
starting, stopping, normal operation, and monitoring and acknowledging of alarms for the
gas turbine generator(s) and steam turbine without physically needing to go to the GTG
or STG control interfaces.

Provide first-out indication, annunciation, alarming, and sequence of event (SOE)
monitoring, time stamp to 1 millisecond for each GTG and STG. Provide a GPS time
stamping synchronization system or Owner approved equal for the synchronization of all
'system clocks. ’ '

Installation of the DCS shall be in accordance with the manufacturer’s recommendations
and guidelines. Installation shall take into account noise and grounding considerations.
A complete power-up and grounding check shall be performed subsequent to cabinet
installation and prior to beginning terminations. The Contractor shall be responsible for
the application loading and debugging of all software, and for testing, calibration, startup
and commissioning of the DCS and communication links with other plant systems.

Coordination of all electrical and steam generating systems with respect to one another
shall be maintained and designed into the DCS controls so that a change in plant load
demand shall be translated into a smooth, characterized change in demand to each
affected system. The coordinated control shall recognize all limitations exhibited in these

systems and shall take appropriate action.

The DCS shall be supplied with all process signals required to perform calculations and

~comparisons by the operator.

“"The plant consumption and generation of energy shall be monitored and logged in the
" DCS. Metering requirements are provided in Section 8. Reports shall be generated for
each billing period documenting gross and net generation. These reports will be used to
confirm the utility furnished metering system and may be relied on for billing in the event

of a utility metering system malfunction.
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Provisions shall be made for the prevention of unauthorized or accidental changes to
system configuration. System data logging and recovery capability shall be provided so
that control system configuration and database can be quickly restored in the event of an

operator error or system failure.

The DCS shall interface with the Owner supplied Pl data storage system.

The DCS shall also include the following capabilities for monitoring and controlling
electrical systems within the facility, displayed on operator console graphic screen(s):

DCS system shall have the following as a minimum:

1.

Exhibit A

Control, status, and alarm indications of all high voltage circuit breaker on

electrical one-line diagram.
Analog Input and output signals as indicated on electrical one-line diagram.

Control, status, and alarm indications of the ‘emergency AC system transfer

switches.

Status and alarm indications of uninterruptible power supply (UPS) and DC

system.

Other analog, status, and alarm indications for complete monitoring of
electrical systems and subsystems. '

Four operator workstations for plant monitoring and control each equipped
with an operator keyboard, mouse, and dual 19" CRT Flat Panel or LCD '

graphic displays.

One dedicated engineering workstation for programming modifications
equipped with keyboard, mouse, and dual 19" CRT Flat Panel or LCD graphic

displays.

Two printers, one for periodic reports and operator logging, the other for an

alarm printer.

One color laser printer for hardcopy documentation of system configuration
and color graphics.
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5. 100 custom interactive P&ID graphics shall be included in the design. In
addition to these displays, all control loops, indicator, and alarms will be
shown on group displays depicting H/A stations and push button stations.

Provide the capability to allow all graphics and controls interface to be monitored and
manipulated from any of the operator interfaces and the engineering workstation. 5

All software and operating systems provi'ded shall be manufacturer's latest offering ahd
shall comply with the design requirements, features, and capabilities specified herein.

All control room furniture and consoles provided for the Project shall be of identical
manufacture and configuration. Consoles shall be provided for the operator stations,
engineering station, GTG and STG Remote HMI's, CEMS stations, 5 printers, and trip

‘panel containing GTG, STG, HRSG MFT Trip pushbuttons. The existing Block 1

combined cycle plant control room shall be expanded by Owner to incorporate the new
Block 2 combined cycle plant consoles, and plant control workstations. A layout for
existing Block 1 Central Control Room detailing Block 2 layout is attached in Appendix
C. ‘

9.3 DCS CONTROLLERS AND I/O

DCS Cbntrollers shall be loaded to no more than 60-percent upon completion of Factory
Acceptance Testing and 75-percent upon completion’ of commissioning. Controller
cabinets shall be located throughout the plant, as required, to enhance reliability and to

reduce wiring requirements.

The DCS shall be sized such that there shall be 20-percent spare’s of each 1/O type at
each location at time of shipment to the site and 10-percent spares of each I/O type at
each location at Substantial Completion, as a minimum. In addition, cabinets will be
furnished with at least 10-percent spare card slots in every card cage and 20-percent

, extra space in each cabinet for future use.

‘The system will be capable of scanning, processing and storing any inputs and outputs

at the rate of at least four times per second and at 1 millisecond for SOE points. Peer-
to-peer communications between controllers will communicate all points at the rate of
once per second. Actual scan times will meet the hardware requirements for the
controller Iobp processing time. Overall system scan rate shall not exceed 250
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milliseconds.

To permit removal of 1/0 modules without removing field wiring, all I/O field terminations
shall be terminated on separate field termination blocks in I/O cabinets. ‘

Analog input signals to the system will be isolated and either current limited or fused
from the internal circuitry so that shorting, grounding or opening the circuit at the
transmitting Equipment will not affect control system performance. Analog inputs shall
not exceed 8 per card. The system shall provide quality checks for all analog inputs.
Data will be automatically tagged as bad on all displays or logs if the input value is out of
range. System accuracy shall be 0.1-percent of calibrated range, (excluding

transmitters).

Analog output signals from the system will be isolated and either current limited or fused
from the internal circuitry so that shorting, grounding or opening the circuit at the
receiving Equipment will not affect control system performance. Analog outputs will not
exceed eight per card. System accuracy will be less than 0.5-percent of output signal

range (excluding final element).

Digital (contact) outputs will be individually fused in the control system. Digital outputs
will not exceed 16 per card. Interposing relays will be uéed for all applications where the
current and/or voltage requirements exceed the capability of the DCS outputs. The
system will be capable of assigning each digital output as momentary or maintained.
Momentary outputs will be present for at least 100 milliseconds but not more than two
seconds. The system will be capable of providing normally open and normally closed

contact outputs.

Digital (contact) inputs will be individually current limited. Digital inputs will not exceed
16 per card. Contact inputs will be scanned at the controller level for status change.
Normal state for a contact will be definable as either open or closed. In general, digital
‘inputs shall be failsafe or closed for normal state. The system software will have the
ability to apply digital filtering or time delay to all contact inputs.

The DCS shall be capable of resolving at least 100 inputs for Sequence of Events (SOE)
monitoring at a resolution of 1 millisecond. Control shall provide a preliminary SOE list
for Owner review and approval. System shall be able to assign any digital point in the
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control system for SOE service. Grouping of these points is acceptable, but the points
or groups may be distributed in all I/O locations including remote /0. The provided GPS
time stamping synchronization system shall be used for the synchronization of all system
clocks and for the SOE time stamp.

The processing for thermocouple and RTD inputs is the same as that described for
analog inputs above. The system will also check for open thermocouple and provide
alarm. Thermocouple readings will be linearized. ‘

9.4 INTERFACES AND NETWORKS

The DCS shall be interfaced to a number of systems throughout the plant and remotely

to include, but not limited to the following:

GTG

STG -

HRSG Duct Burner PLC's

RTU for Dispatch Control

CEMS ‘ .

Plant Skids/systems implementing PLC’s

9Ok DN

The DCS control system components shall incorporate a 100mbps Ethernet
communications network. The network shall be provided for control and monitoring from
the operator, engineering servers and client workstations.

Data communication link interfaces shall be provided with watchdog timers and

communications alarms. -

All communications cabling running exterior to plant buildings shall utilize multimode
fiber optic cabling with fiber patch panels, fiber to Ethernet media converters as specified

"in Section 8.0.

9.5 REMOTE TERMINAL UNIT (RTU) DISPATCH

An RTU to implement Dispatch Automatic Generation Control (AGC) will be furnished
and installed in the switchyard control building by others. The Contractor will provide a
fiber optic connection from the switchyard RTU located in the switchyard control building
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to the plant DCS. Provide all facilities required for RTU communications between the
power plant and Switchyard control building. Any I/O points required at RTU but not
available in the DCS shall be hardwired to the RTU. Facilities shall include but not be
limited to, ductbank, fiber, wiring, programming, and interface equipment. The
Contractor shall provide all requifed Fiber Patch Panels at the substation and control
room and/or other location to allow for the complete termination of all fibers into and out
of each location. The Contractor shall work with the Owner Dispatch Center and
personnel and to test and commission the DCS to Dispatch link for control, monitoring
and alarming functions as specified in Section 8.

9.6 DCS FACTORY ACCEPTANCE TEST (FAT)

: The Contractor and DCS manufacturer shall compietely configure, load, and debug the
DCS control system components and database at the factory or Contractor’s facilities
prior to FAT. A hardcopy printout and electronic copy of the I/O database, graphic
screens, logic diagrams and detailed hardware configuration and FAT plan itemizing
FAT activities shall be supplied to the Owner in advance for review and comment prior to
finalization of system configuration and FAT. FAT plan and schedule shall be agreed to
by Contractor and Owner early in the Project cycle. The DCS manufacturer shall provide
3 weeks for the FAT of the hardware, logic and software design and data communication
interfaces. The FAT Logic shall be verified by simulation. Data communication links to
the GTG, STG, and HRSG Duct Burner PLC shall be verified using a test simulator per
the manufacturer's recommended practices. Owner shall witness FAT. DCS
manufacturer shall provide problem or variance report sheets to document any and all
problems encountered with hardware, software, graphic screens or control logic
implementation. All problems found during the FAT shall be reconciled prior to shipment
to the field. Owner reserves the right to require additional FAT, at Contractor’'s and/or
DCS manufacturer's expense, if original testing proves the system design to be
incomplete or substantial revisions are required.

-~ 9.7 HARD PANEL CONTROL BOARD

Hardwired, redundant, emergency trip, mushroom-style push buttons one pair for each
GTG, STG, and HRSG MFT one for the entire block, and one for closing the emergency
fuel gas shutoff for Block 2 shall be provided as a part of the emergency shutdown
protection panel as required by the system per Section 5.
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9.8 INSTRUMENTATION AND CONTROL DEVICES

9.8.1 General | | ;

Signals for analog control system inputs and outputs shall be provided from proceés
transmitters at 4-20 mA signal level, or direct-wired RTDs and thermocouples.

- Pneumatic signals shall be 3-15 psi.

Instrument primary sensing devices shall be nominally ranged at 150 percent of the
systems normal operating pressures and temperatures.

Instrument calibration shall be verified by Contractor and documented for submittal to

Owner.

Instrumentation and sensing lines shall be freeze protected where appropriate for
instrumentation supplied by Contractor and by equipment manufacturer as required. '

Gauges and indicators, including position indicators on valves, shall be installed to be
visible from normal operating platforms or accessways without the need for ladders,
mirrors, or other devices. All termination lugs shall be applied with a ratchet type
crimping tool to insure an equal pressure connection between lug and signal cable core.

9.8.2 Thermocouples and Resistance Temperature Detectors

Temperature measurement shall in most cases be performed using thermocouples.
Thermocouples and extension wire shall comply with the standard limits of error ’
according to ANSI MC96.1-1975 and shall be Type E.

Resistance temperature detectors (RTDs) of the three-wire platinum type shall be used
in certain cases such as motor winding temperature measurements. The nominal
resistance of the platinum detectors shall be 100 ohms at 0°C. All resistance
temperature detectors shall be metal sheathed, and ceramic packed.

Thermocouples and RTDs shall have stainless steel sheathed elements and spring-
loaded to provide good thermal contact with the thermowell. All connection heads shall
be weatherproof equivalent to NEMA 4, with chain-connected screwed covers, and
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supported from the well by lagging extension long enough to clear the head of the
temperature element above the process pipe lagging. '
9.8.3 Thermowells ,
|
Temperature sensors shall be equipped with thermowells made of one piece, solid bored
Type 316 stainless steel (or higher alloy if required for the application) of step-less
tapered design. Maximum bore internal diameter shall be 0.385 inch.

Test wells shall be provided on main steam, feedwater, condensate, and other piping as
required to meet ASME test requirements. Test wells shall be provided with screw cap

and chain.

- 9,8.4 Flow Elements

Flow elements shall be provided in accordance with appropriate applications and in
accordance with requirements contained in Section 5. Weld-in type Factofy Certified
Flow Nozzles shall be used for Main Steam, Hot Reheat and Cold Reheat flow
measurements. Flow Nozzle shall be provided with two (2) sets of pipe wall pressure
taps. All FEs required for performance testing shall be PTC6 certified to include but not
limited to: HP and IP Feedwater, LP Steam, Condensate, and Cold Reheat.

9.8.5 Transmitters

Transmitters shall be used to provide the required 4-20 mA DC signals to the DCS.
Transmitters shall be of the smart electronic two-wire type, HART compatible and
capable of driving a load of at least 500 ohms with non-interacting zero and span

adjustments and remote recalibration features.

9.8.5.1 Static Pressure and Differential Pressure Transmitters

Differential pressure transmitters shall be HART compatible with transmitter sensor

‘ specified to withstand 150 percent of design pressure. DP transmitters shall be provided
“with remote seals and filled capillaries where required, static pressure protection limit
" and any other applicable options required to accommodate specific applications.

9.8.5.2 Level Transmitters

Sensing elements for level transmitters shall be as follows:
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1. Gauge pressure transmitters for vessels exposed to atmospheric pressure.

2. Enclosed, pressurized vessel level shall be measured using radar, ultrasonic,
guided wave radar or Differential Pressure transmitters with filled capillaries

and remote seals.

3. Differential Pressure element with constant head chamber for high‘ pressure
and temperature applications where installation of float cage becomes
impractical (level transmitters of this type are the same as differential
pressure transmitters).

9.8.5.3 Flow Transmitters

Flow transmitters, in general, shall be differential pressure types. Square root extraction
shall generally be performed electronically in the control system.

9.8.6 Gas Meters

Contractor shall tie into the existing gas metering station. A check meter shall also be
proVided on the main gas supply to Block 2. Meters used for fuel gas flow measurement
shall be complete with temperature and pressure compensation capability using design
pressure and temperature as its base conditions. Total gas flow shall be indicated
locally, and gas flow rate shall be transmitted to, and monitored and totalized in, the
DCS. Flow meters shall meet the requirement of the EPA and Currant Creek Air Quality
Permit. Manufacturer’s calibration certificate shall be provided that shows that flow
meter meets the accuracy requirements of the EPA and Currant Creek Air Qualityl

Permit.

9.8.7 Temperature, Pressure, Level, and Flow Switches

Temperature, pressure level, and flow switches shall generally have two Form C
contacts for each actuation point and shall be equipped with screw type terminal
connections on a terminal block for field wiring. Switch set point and deadband shall be
adjustable with a calibrated scale. Contacts shall be snap acting type. Switch
enclosures shall be NEMA 4 for non-hazardous locations, and NEMA 7 or 9 for
hazardous locations. All termination lugs shall be applied with a ratchet type crimping
tool to insure an equal pressure connection between lug and signal cable core.
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9.8.8 Local Indicators

9.8.8.1 Thermometers

Thermometers shall be the bimetallic adjustable, every-angle types with minimum 4-%
inch dials. Where view is obstructed or unavailable, thermometers shall be provided for

remote mounting including filled capillaries..

9.8.8.2 Pressure Gauges

Pressure gauges shall be the bourdon tube type with solid front cases with blowout
back, 4-V; inch dials, stainless steel movements and nylon bearings. Gauges shall have
Y4-inch NPT bottom connections. Gauges shall be provided with pigtail siphons for
steam service, snubbers for pulsating flow, and diaphragm seals for corrosive or severe
service. Gauges located on process lines exposed to ambient temperature shall be

freeze protected.

9.8.8.3 Local Level Indicators (Gauge Glasées)

Tubular gauge glasses shall be used for high-pressure applications. Mica shields shall
be used with transparent gauges on steam/condensate service. All gauge glasses shall
be equipped with gauge valves, including a safety ball check.

9.8.9 Control Valves

Control valves shall be used in modulating service throughout various processes within
the facility and as specified in Section 5. Globe valves shall be used extensively in
water, steam, gas, and oil service with butterfly and ball valves used in limited
applications, typically low pressure and temperature water service.

Pressure retaining component and valve trim materials shall be selected based on
process conditions such as type of fluid, static and differential pressures, and
, temperature. In general, control valves in water and steam service shall be provided

with hardened stainless steel trim.

| Modulating control valves shall be sized to pass design flow at 60 to 80% of valve
capacity. Multiple service conditions should be specified when a control valve is
expected to operate over a wide range of travel, i.e., feedwater flow and drum level
control valves. When the calculated Cv is less than the manufacturer's recommended
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minimum Cyv, two valves with split range control shall be provided, unless otherwise

approved by Owner.

Minimum control valve body size shall be not less than 50% of the upstream pipe size.
When a calculated Cv requires a smaller valve, reduced trim shall be used in order to
maintain the body size requirement. Reduced trim shall not be less than 40% of valve

capacity.

Pneumatic actuators of the diaphragm or piston/cylinder type shall be Smart, Hart
compatible, with the ability to provide position feedback and diagnostic information on
each valve. All critical valves shall be equipped with hardwired position feedback
modules. Careful consideration should be given to the fail-safe position of control valves.

AWhere practicable, actuators with integral springs shall be specified. All control valves

shall be capable of operating with a 60 psig air header pressure.

In general, all control valves shall have ANSI class IV leakage ratings. Valve failure
philosophy shall be developed with Owner participation.

Control valves shall be designed to operate from a control signal range of 3 to15 psi.

Each control valve shall be provided with accessories such as handwheels, filter
regulators, solenoid pilot valves, limit switches, and position indicators as applicable.

9.8.10 Instrument Racks .

Where possible, field instruments other than local indicators shall be grouped together
on instrument racks. Maximum tubing run from the sensing pointA to the rack shall be 50
feet, unless approved otherwise by Owner.. Interior instrument racks shall be open
structures with frames constructed of angle or structural tubing. The frames shall be
reinforced as required to provide adequate support for instruments and equipment.

‘Equipment supports shall be horizontal members, which provide a place for the
rattachment of mounting brackets and clamps for piping and tubing.

Instruments exposed to ambient temperatures shall be housed in heated instrument
enclosures with heat traced impulse lines with integral tubing bundle. Integral tubing
bundle shall be O'Brein or Owner approved equal. Heated enclosures shall be diagonal,
clam-shell style to provide easy access to process instruments from the front, top or
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either side. No flexible insulation (soft-case) is acceptable. Enclosures shall have a
maximum of three (3) instruments each and shall be large enough to house all required
blowdown valves inside enclosure. Heat trace system shall be designed to activate
enclosure heaters when ambient temperature is below 40 degrees Fahrenheit. Heat
trace panel requirements are defined in Section 8.

9.8.11 Tubing Systems

Instrument, control, and sampling tubing systems shall be designed, fabricated, and
tested in accordance with ANSI ISARP 7.1. -

Primary process instrument and sampling tubing for steam and water systems shall be
ASME SA213 grade TP316H SS 3/8 inch .049 standard wall or 1/2 inch .065 standard
" wall, respectively (Note: On high pressure, high temperature applications, tubing shall be
316H minimum wall per ANSI B31.1 specifications).

Fittings shall be manufactured of the same material as the tubing, wherever practical.
Where not practical, fittings shall be manufactured of a harder material than the tubing

and at minimum of Rockwell 80B.

Pressure type instruments shall have associated isolation and test valves or combination
two-valve isolation/test manifolds. Differential pressure type instruments shall have
associated pairs of isolation and test valves plus an equalizing valve or combination
three-valve isolation/test/equalizing manifolds.

Blowdown valves shall be provided for each remote device as required. Tandem
blowdown valves shall be provided on high pressure, high temperature applications
(pressure greater than 600 PSIG and/or iemperature greater than 450 degrees
Fahrenheit). Blowdown valves are not required for vacuum, gas, or dry air service.

Sample tubing systems carrying high temperature samples shall be insulated or guarded
.. in areas which require personnel protection.
9.9 CONTROL SYSTEM LOOP COMPONENT DESIGN

The major plant systems to be controlled and monitored are described and presented in
Section 5. They include the following:

Exhibit A 9-15 06/03/05
Rev. 0



1. Gas Turbine/Generator Systems.

2. Steam Turbine/Generator Systems.

3. Heat Recovery Steam Generator Systems.

4. Feedwater Systems.

5. Air Cooled Condenser (ACC) System

6. Water Treatment System

7. Fuel Gas Metering and Conditioning System.

8. Plant systems io include tie-in to Block 1 Raw Water System.

9. Plant Monitoring System.

9.9.1 Gas Turbine Generator (GTG)

Each gas turbine generator is supplied with a dedicated microprocessor based control
system which contains the unit metering, protection, and control switches. The GTG
control system provides control functions including: fuel, air and emissions control;
sequencing of turbine fuel and auxiliaries for startup, shutdown and cool down;
monitoring of turbine control and auxiliary functions; protection against unsafe and
adverse operating conditions. Gas turbine controls shall be designed to minimize
unnecessary trips, nuisance alarms, and false starts. Runbacks, rather than trips, shall
be utilized whenever possible. The GTG control system shall provide for the automatic
and semi-automatic starting, automatic and manual synchronizing, loading, and shutting
down of the turbine. Comprehensive supervisory systems and equipment for monitoring |
operational status, alarms and automatic protection shall be provided for the safe,
reliable remote operation of the machine. The GTG and GTG control system is
described in Section 5 of these Specifications. Gas turbine controls shall be designed to
' minimize unnecessary trips, nuisance alarms, and false starts. Runbacks, rather than

.trips, shall be utilized whenever possible.

The DCS shall be implemented to provide supervisory control, monitoring, alarming and
historical functions for each GTG and shall interface to each GTG control system
through hardwired and data link interfaces. The DCS interface to each GTG control
system shall be in accordance with the turbine manufacturer's recommended
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configuration. The DCS, through a combination of hardwired and data link interfaces,
shall be able to perform all actions necessary to start and stop the unit, raise and lower
load, monitor status, log operating data, and annunciate and acknowledge alarms.
Critical control functions, status and alarms for essential gas turbine operation will be
hardwired to the DCS control system. Remaining control functions, status, and alarms
shall be interfaced with each GTG control system through a high speed 100 Mbps, fiber
data link per manufacturer’'s recommended configuration. The link will provide all data on
the manufacturer's standard interface list, as required. Final determination of 1/0 will be
subject to Owner approval. Key GTG system control, alarm, and status graphics shall
be integrated with the DCS to provide the identified supervisory control. A common
GTG Remote HMI shall be provided in the main control room for detailed controlling,
alarming, and monitoring of the Gas Turbine system. The main control rodm shall serve

as the primary operator interface.

All critical control trips and interlocks shall be hardwired between the DCS and the GTG
control system. Remote manual tripping of the GTG shall be possible using the auxiliary
console-mounted, hard-wired emergency stop pushbuttons located in the control room.

The Contractor shall submit with Bid a conceptual Control Systerﬁ Architecture diagram
outlining the anticipated configuration for Owner review. This diagram shall define what
control and monitoring functions will be provided at the centralized control room, and at
various locations throughout the system, location of each 1/O drop, number of
processors at each location, approximate number and type of I/O at each location, PLC
drops, communications protocol, and other applicable information.

9.9.2 Steam Turbine Generator

The steam turbine generator will be provided with a dedicated microprocessor based
control system that includes an electronic governor for speed and load control with all
standard interlocks required for start-up, loading, shutdown, and tripping of the turbine-
‘generator. The steam turbine speed control and inlet pressure control will be done
through the governor. Comprehensive supervisory systems and equipment for
monitoring operational status, alarms and automatic protection shall be provided for the
safe, reliable remote operation of the machine. The STG and STG control system is
described in Section 5 of these Specifications.
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The DCS shall provide supervisory control, monitoring and alarming for the STG and
shall interface to the STG control system and governor through hardwired and data link
interfaces. The DCS interfaces to the STG control system shall be in accordance with
the turbine manufacturer's recommended configuration. The DCS, through a
combination of hardwired and data link interfaces, shall be able to perform all actions
necessary to start and stop the unit, raise and lower load, monitor status, log operating
data,' and annunciate and acknowledge alarms. Critical control functions, status and
alarms for essential steam turbine operation will be hardwired to the DCS control
system. Remaining control functions, status, and alarms shall be interfaced with each
STG control systems through a high speed 100 Mbps fiber data link per manufacturer's
recommended configuration. The link will provide all data on the manufacturer's

- standard interface list, as required. Final determination of I/O will be subject to Owner

'approval. Key STG system control, alarm, and status graphics shall be integrated with

the DCS to provide the identified supervisory control. A STG Remote HMI shall be
provided in the main control room for detailed controlling, alarming, and monitoring of the
steam turbine system. The main control room shall serve as the primary operator

interface.

All critical control trips and interlocks shall be hardwired between the DCS and the STG
control system. Remote manual tripping of the STG shall be possible using the auxiliary
console-mounted, hard-wired pushbuttons located in the control room

9.9.3 Heat Recovery Steam Generator (HRSG) .

Control of the HRSG shall consist of the following loops under control of the DCS to
safely and efficiently maintain steam header pressure and feedwater to match turbine-
generator requirements during start-up, normal operation, upsets, and shutdown.
Duplicate controls shall be supplied for each HRSG, as required. Consult Section 5 for

further requirements.

"Control of each HRSG shall include the following subsystems:

9.9.3.1 HRSG Drum Level Control System

The HRSG drum level control system shall be conventional three-element control using
main steam flow as the feed-forward signal, drum level, and feedwater flow as the
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feedback signals. Based on demand, the system controls the feedwater control valve to
adjust feedwater flow to the HRSG. The system will be designed to operate on single-
element control using drum level only during start-up. Transfer from single-element to
three-element and back to single-element shall be automatic based on steam flow.

9.9.3.2  Duct Burner Safety System

The duct burner control system shall be fully integrated with the plant DCS.

The duct burner safety system shall be a self-contained PLC and shall be designed to
safely shut down the HRSG auxiliary burner system on abnormal and emergency
conditions. The system shall be interlocked to shut down the fuel gas to the HRSG as
recommended by the HRSG manufacturer. The duct burner safety system shall comply
with NFPA 8506 and the NEC code. The duct burner safety system shall incorporate
hardwired and softlink status, alarms, controls signal for control and monitor from the

DCS.

9.9.3.3 Ammonia Injection Control System

The ammonia injection control system shall be designed to control stack emissions to

meet permit requirements.

9.9.34 Steam Temperature Control System

The purpose of this system is to maintain the final superheater and reheater outlet
temperatures at a set value with minimum fluctuation. This shall be a single station,
cascade-type control system in which the final superheater and reheater outlet control
units serve as the master or primary control units, and the desuperheater outlet contro'l
units serve as the slave or secondary control units.

9.9.3.5 LP Drum Level Control System

The LP Drum levels shall be controlled by the DCS. Level switches shall be provided to
alarm high and low levels and to trip the feedwater pumps on low-low level.

9.9.4 Feedwater System

Feedwater systems will be comprised of the following subsystems:

9.9.4.1 Condensate Receiver Tank Level Control

The level shall be controlled from the DCS. Cycle water make-up flow shall be regulated
through a control valve to maintain condensate tank level. If the level is low, make-up
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will be admitted from the demineralized water storage tank. If the level is high, a fraction
of the condensate flow will be routed to the demineralized water storage iank to prevent
condenser flooding. Level switches shall be provided to alarm high and low levels.
Pump run indicators shall be provided to alarm pump cutout. Condensate tank shall a!so
be provided with local level indication. -.i

9.9.4.2 Boiler Feed Pump Minimum Flow Control P

Feedwater pump minimum flow control consisting of a recirculation valve which
circulates water back to the LP drum during periods of low HRSG feedwater demand
shall be provided. This may be in the form of a flow control valve.

9.9.4.3 Boiler Feed Pump Existing Vibration Monitorjnq

BFP shall be equipped with Bentley Nevada Vibration Monitoring Control monitoring
systems. This system shall be tie to Block 1 main Bentley Nevada Vibration Monitoring

SyStem.

9.9.5 Air Cooled Condenser (ACC) System

The ACC system controls shall be implemented through the DCS. The ACC system
components, performance and requirements are identified in Section 5. ACC fans shall
be controlled automatically from the DCS as required to maintain the steam turbine
condenser backpressure at operator selected values associated with acceptable steam
quality in the steam turbine and maximum plant net output. In addition, the implemented
controls shall protect system from freezing, include no sub-cooling, and minimize

parasitic power consumption.

9.9.6 Water Treatment Systems
The water treatment systems shall be prepackaged units with self-contained PLC
controls. All data from the water sample panels shall be provided for control, monitoring

and alarming in the DCS.

.9.9.7 Fuel Gas Metering and Conditioning System

' The Fuel Gas Metering and conditioning system shall be prepackaged units with self-
contained PLC controls. Data from this system shall be provided via communication link
and/or hardwired interface for monitoring and alarming in the DCS. See Section 5 for

system requirements.
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9.9.8 Plant Systems — Raw Water

Block 1 Raw Water Supply System shall be modified to support the new Block 2
combine cycle plant. Block 1 Raw Water System includes two (2) existing Well pumps,
and an existing Raw Water Storage Tank. A second Raw Water Storage Tank shall be
added for Block 2. Modification of existing Block 1 Raw water system and controls n\1'ay
be required to enable Block 2 to control existing well water pumps, and to monitor the

level in Block 1 Raw Water Tank.

9.9.9 Plant Monitoring System

Plant parameters shall be monitored and indicated, alarmed and/or recorded in the DCS
to facilitate the plant operator with control of the plant. The gas turbine and steam
. turbines shall be interfaced to the DCS for monitoring, trending, and control from the
DCS. All local controllers shall be interfaced with the DCS for monitoring, trending, and

control from the DCS.

9.10 HISTORICAL DATA STORAGE AND RETRIEVAL
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