-
6.3.20 UNIT 65 - ELECTRICAL DISTRIBUTION
6.3.20,1 INTRODUCTION
This section delineates the engineering required to establish the design
basis for the electrical distribution system in the Crow Tribe of Indians,
Syw.fuels Feasibility Study.
To meet this requirement the ensuing design philosophies and genefai
system descriptions have been developed. A more complete and detailed
explanation of the proposed system is illustrated in accompanying drawings
and sketches.
In addition to establishing the electrical design basis, the results of this
section have been used to support the capital cost estimate.
6.3.20.2 SUMMARY
This section of the final report evaluates and defines the electrical
requirements of the Base Case and Power Self-Sufficieney Case. These
reviews are based upon preliminary load listings and power generation
figures furnished by Fluor's process engineering department. This
" section:
Establishes electrical design criteria
Defines an electrical operating philosophy
Addresses the phased construction approach
Supports the capital cost estimate
Coproduction and Shell Coal Case are assumed to be equivalent to the Base
Case from an electrical sfandpoint. This assumption is based upon the
facts that the total quantities of power generated onsite and base plant
o logds, in each of these three cases is within a narrow band.
<o Table 6.3.20-1 dirlays these relationships. )
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TABLE 6.3.20-1

P

Onsite Bease Export
Case Generation  Plant Load Power
Base 3 machines 131.7 MW ea. 113.0 MW 282.1 MW
Power Self- 2 machines 88.7 MW ea. 88.7 MW 0
Sufficiency R
Coproduction 3 machines 106.0 MW ea. 109.5 MW 208.5 MW
Shell Coal 3 machines 141.1 MW ea. 121.1 MW 302,2 MW

The Power Self-Sufficiency Case is dramatically different. Power

(' generation is drastically reduced from the qumﬁﬂes in the other three
cases. This impacts the design of the main plant switchyard and utility
interconnections. In addition, there is a reduction in the amount of base
plent load. This variastion eliminates the need for some of the capacity
built into the Base Case distribution system. The capital cost estimate for
the Self-Sufficiency Case considers these variations.

6.3.20.3 CRITERIA
The continuity of production in an industrial plant is only as reliable as
its electrical power distribution system. This section outlines the design

and performance objectives of the oversll system.

General

The overall objective of the power distribution system is to provide maxi-
mum reliability, flexibility, and continuity of service and to meet these

( objectives with the lowest investment costs that satisfy system
requirements.
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6.3.20.3 (Continued)
Safety

Safety of life and preservation of property are two of the most important
factors in the design of the electrical system. Safety to personnel
involves no compromise. Codes, standards, and established practices are
followed closely in the selection of all equipment.

Simplicity

Many total shutdowns have resulted from complicated systems. Industrial
operators do not get emergency switching practice everyday. If they have
complicated systems, experience proves they are apt to make mistakes in
an emergency. Simple systems are easy to understand and easy to operate
during both normal and emergency conditions,

Flexibility

Flexibility of the eleetrical system means the adaptability to development
and expansion as well as to changes to meet varied requirements during
the life of the plant. Considerations include plant voltages, equipment
rating, space for additional equipment and capacity for increased load.

n’i
.

Service Reliability

High service reliability generslly can be obtained in two ways. One is by
providing duplicate chanqt_als to route power to any load. The other is by
installing only the highest grade electrical equipment available and using
the best instaliation methods. It can be added that service reliability can

be increased through simplicity of design, a fact that was emphasized
previously.
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6.3.20.3 (Continued)
Selection vof- Equipment
The main fundamental in selecting equipment is to choose the best avail-

able. It costs no more in the end and pays dividends in service continu-
ity and low maintenance,

Maintenance

The system design can aid in this problem by being configured in such a
way as to provide alternate power: channeis to permit one to be taken out
for meintenance without dropping essential loads. Use of drawout equip-
ment wherever possible ensble maintenance on circuit breaker elements to
be done in a clean service ship. Spare elements are specified to replace
the one being maintained,

6.3.20.4 EVALUATION

Electrical Power Trensmission

A definition of the transmission system lnking the synfuels plant with the
regiongl utility network is beyond the scope of Fluor's statement of work.
The proper method of determining the design criteria of the utility system
is to perform a transmission planning study.

The Western Area Power Administration (WAPA) prepared a preliminary
study for the proposed Crow 1000 MW coal fired penerating plant tenta-
tively located near Hardin, Montana. Studies of this, kind base their
recommendations upon the following ini:rumtion:

Plant nower output
Generator size
Power flow
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6.3.20.4 (Continued)
Stability
Proposed additions to the regional transmission system

The WAPA study indicates that a 230 kV system would be inadequate for a
Crow plant above 950 MW. It recommends a 345 KV design. The study
alsc shows the Crow power plant as a junction for three transmission lines
connecting various other generating stations.

For the synfuels project study Fluor has assumed that the reduced order
of magnitude of the generating plant in the Base Case and Alternate Cases
will fit comfortably into a 230 kV design. It has also been assumed that
two parallel lines would provide ample ties to the regional system. These
assumptions are the basis for the design and layout of the switchyard.

For the Power Self-Sufficiency Case a smail single tie to the utility system
is provided to supply emergency power. Beeause this tie is on the order
of magnitude of 35 MW, a 6% kV service is considered adequate. This
arrangement will not need as much anslysis as required in the other cases.

Montana Power Company

Montana Power Company of Butte, Montana is the electrical utility most
likely to purchase Crow export power. In telephone conversations with a
MPC representative it was indicated that the contractural arrangement and
the rate schedules developed for the Crow synfuels project would be
effected by trensmission costs and would be compared to such costs for
alternate, better placed projects on the Montana system.

It should be pointed out that the WAPA study stated "contractural
arrangements and joint participation in new transmission may have a

significant impact on the development of the actusl Crow transmission
scheme,"
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6.3.20.4 {Continued)

This same representative also stated that the service arrangement could be
designed to accommodate reverse power flow. The Crow electrical design
takes advantage of this capability and uses it for startup and emergency
power. This eliminates the need and problems associated with installing,

operating, and maintaining diesel engine or turbine driven emergency
generators.

This ‘type of service is normally provided for Montana Power's own
generating plants, but has never been coniracted out to a client. The
impact of this arrangement upon the Agreement for Purchase of Power is
not known at this time. o

Big Horn County Electric Cooperative, Inc.

Big Horn County Electric of Lodge Grass, Montana will provide power for
operation of the raw water supply pumping stations.

Electrical service to the pumping stations is more straight forward than the
export, startup, emergency agreement with Montana Power. Each pumping
station has been designed to be connected to a 69 kV trensmission line.

The average charge for electrical power from the present schedule works
out to be approximately two cents per kWh.

Base Case

Normal System

Electrical power for operation of the Crow synfuels plant is produced

onsite in Unit 42, Power Generation. Three 1500 psig steam turbogenera-

(' .+ ..» tors produce 131.7 MW each. These machines operate at 24 kV, 60 Hz
: with a 0.8 power factor (PF).
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6.3.20.4 (Continued)

Plant generation capabilities total approximately 395 MW. Of this 113 Mw
are consumed within the plant itself. The remaining 282 MW is export via

twoe parallel transmission lines and sold as a byproduct to the local utility,
Montana Power.

The main switchyard functions as the connecting and switching point for
the transmission lines, generation circuits and step-up and step-down
transformers. It is located adjacent to Unit 42 and designed to operate at
230 kV.

The main switchyard is arranged in a break-and-a-half scheme. This

scheme has three breakers in series between two main buses. Two circuits
' are connected between the three breekers, This pattern is repeated along

the main buses so that one and a half breakers are used for each circuit.

Under normal operating conditions all breakers are closed and both buses
are energized. A circuit is tripped by opening the two associated circuit
breakers. Either bus may be taken out of service at any time with no loss
of service. Breaker maintenance can be done with no loss of service, no
relay changes and simple operation of the breaker disconnects.

Generators are connected by 24 kV isolated phase bus to step-up, captive
iransformers in the switchyard. Plant power is drawn through two
230-13.8/13.8 kV three winding transformers. This arrangement allows the
main substation eguipment to be broken down into two independent switch-
gear lineups. The ultimate benefit of this design is the decrease in the
required duty of the switchgear in both short circuit and continuous cur-
rent ratings. The result is a primary distribution system designed at
13.8 kV,
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6.3.20.4 (Continued)

Without this splitting of the system the primary distribution voltage would
be forced to the next higher standard voltage. As 15 kV equipment is the
maximum i-ating of economical indoor metal-clad switchgear, the advantages
over outdoor oil or gas insulated equipment would be lost. Indoor metal-
clad switchgear is compact, easy to maintain, flexible, and presents a
system that is simpler to operate. '

Primary power is distributed at 13.8 kV to substations located adjacent to
the units and close to the centers of the loads. Here it is stepped down
to utilization voltages and delivered by short secondary feeders to points
of use. Medium voltage 4.16 kV circuits power the larger electric drivers
and supply small adjacent units. Low voltage 480 volt circuits distribute
the bulk of the power to the large number of small consumers.

The electricel distribution system from the switehyard through to the loads
is a classical secondary-selective design. ‘The system utilizes two primary
feeder circuits and two transformers to supply each load center. Duplicate
paths of supply from the source to each secondary bus make it possible to
provide power when a transformer or primary circuit is out of service due
to failure, testing, maintensnce, or expansion. No single problem on any
circuit can interrupt service.

The secondary-selective scheme is achieved through the use of double
ended substations. The tie breaker is normally open and the system
operates as two parallel radial systems. The tie breakers are interlocked
with the transformer breakers sc that they cannot close unless one of the
transformer breakers is open. This practice minimizes the short circuit
duty imposed on low veltage circuits.
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6.3.20.4 (Continued)

With the loss of one primery circuit each lord center may be totally sup-
plied by the complementary circuit. To allow for this condition all trans-
formers have been sized so that the forced air cooling rating is of suffi-
clent size to carry both loads.

Emergency System

An emergency system is provided for semi-critical loads to supply the nec-
essary lighting and equipment to facllitate a safe and orderly plant or unit
shutdown in case of a complete or partial failure of the normal electrical
supply.

The emergency distribution system is independent of the normsl system
both in its derivation of an energy source and in its distribution systems.
For reasons of plant operating security and electrical system stability most

critical loads are normally powered from the emergency system and trans-
ferred to the normal system during an upset.

Power for the emergency system shali be drawn from the switchyard
through a dedicated 40 MVA 230-13.8 kV transformer. Reliable operation
is derived from the:

Double bus, double breaker switchyard arrangement of the emergency
equipment.

Three onsite steam turbines

Ability of local utility to reverse the normal export power flow to
provide emergency and startup service.

The emergency system is tied to the loads through 600 volt automatic
‘transfer switches and 5 kV switchgear type circuit breakers. Automatic
transfer switches include a bypassing arrangement to allow servicing of the
- switch while the load is energized.
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6.3.20.4 (Continued)
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The aforementioned, multiple feeders, alternate energy sources and

segregated systems assure a maximum degree of reliability and flexibility in
the operation of the emergency system.

il
pa
Y
.
uif|
]

%
g

In addition to the emergency system an Uninterruptible Power Supply
(UPS) is used to supply a continuous scurce of ac power to critical loads.
During any interruption of the ac input to the UPS system a battery bank
supplies d¢ power to am inverter without variation in inverter cutput
voltage of frequency.

The main critical load supplied from the UPS system is the computer and
its peripheral equipment. Other loads are dictated by process control
requirements.

Phased Construction

The general plant electrical design has been laid out using a two phased
construction approach. Every effort has been made io design s system
which minimizes the expenses associated with the future expansion of the
projeet during initial construction.

The design dces make some allowances for the extension of the electrical
system to service loads in the future segments of the plant.

Manholes in areas designeted for future expansion have been sized and
located as if both phases were to be built initially. Without this approach
it would be impossible to cross existing duets during the expansion.

The switchyard is configured in a fashion which will allow the addition of
the future generation and the new distribution system designed for the

. ( i future loads without shutting down generation and electrical export
' activities,
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6.3.20.4 (Continued)

The electrical system for the plant expansion will originate in a mirror
image of the existing switchyard 2s shown on Drawing 00-5-603A. A
separate 13.8 kV primary distribution system will be dedicated to the new
and expanded units,

Capital Cost Estimate

The capital cost estimate presents a total picture of the price tag for the
entire synfuels project. The electrical portion of the estimate is composed
of two distinet segments.

Due to the time restraints on this project, the electrical segment of the
estimate is based upon a preliminary issue of the overall plot plan, not
included in the report. Onsite power generation, base plant load, and the
outside dimensions of the plot all remained substantially unchsnged when
the final information became available. Therefore, the capital cost estimate
Is assumed to represent the value of the electrical system for the plant
arrangement gubmitted as part of this report. The first segment of the
estimate evaluates the cost of the electrical systems within the boundaries
of the individual areas and units. The cost of these items is included in
the computer estimating program.

The second portion encompasses the interconnecting systems such as the .
primary distribution network and overall street lighting and grounding

systems. The primary distribution system includes all equipment and
wiring at and above the 780 valt switchgear level.

Because each of these systems is dependent upon the magnitude of the
load end dimensions of the plot, they cannot be estimated by the

computer. Therefore, these and similar systems were defined and manually
estimated.
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$.3.20.4 {Continued)

As previously stated a detasiled evaluation was completed for the Base Case
and assumed to be equivalent to thes systems in Alternate Cases 2 and 3.
The Power Self-Sufficiency waes factored off the Base Case with allowances
made for the variations in the switchyard design and reduction in overall
plant load.

Almost all electrical drawings produced for this project have been used
to support this portion of the estimate. The following are brief desecrip-
tions of each of these drawings and the systems they present. Appendix
6.3.20-1 Lst all electrical design drawings included in this section of the
final report.
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Area Classification 00-5-602

L) SR

4 preliminary definition of the extent and degree of hazard is presented in
Drawing 00-5-602, Areas and process units are classified as to the type
and degree of hazard as defined by the National Electrical Code (NEC)
supplemented by recommendations in the Americen Petroleum Institute
"Recommended Practices" RP 500A, RP 500B, RP 500C, and National Fire
Protection Asscciation Standard 70C, where applicabie.

S ETICATy e AT

Each classifications refers to a different set of electrical installation
guidelines in the NEC. The code defines the requirements for electrical
equipment and wiring in these locations where fire or explosive hazard may

exist due to flammable gases or vapors, flammable liguids, combustible dust
or ignitable fiber or flyings.

Locations are classified depending on the properties of the flammable
vapors, liquids, or gases or combustible dust or fibers whick may be pre-
sent, and the likelihood that a flammable or combustible conceniration or

( quantity is present. During detsiled engineering, area -classification
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6.3.20.4 (Continued)

drawings shall be produced for mreas and process units as required and
shall indicate the limits both horizontally and vertically of classified aress.

The area classification drawings are used by the estimators to determine
the type and degree of hazard of the particular area. With this informa-
tion the installation practices dictated by the NEC can be allowed for in
the estimate.

One Line Diagrams 00-5-603A ‘thru H

The one line diagrams show by means of graphical symbols and conven-
tional nomenclature an overall gistribution system arrangement. During
detailed engineering the simplified diagrams included with this repo.rt will
be upgraded to show the entire power distribution system from the
incoming source to the ultimate motor loads and other electrical users.
The drawings presented here are used solely to evaluate the primary
distribution system. They define:

Major electrical equipment items
Switchyard design requirements
Interconnecting conduit and cabling
High voltage motors

Underground duct benks

Standard Drawings 00-4-605G and 00-4-605 LA thru LD

These Fluor standard grounding and lighting drawings, used with the plan
drawings, provide the estimator with a model upon which to base pricing.
Use of these drawings also allow electrical designers to more quickly
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6.3.20.4 (Continued)

produce installation plans. The designer has only to reference the detail
for each case. Fluor uses this approach extensively during detailed
engineering.

Power Distribution System Layout 00-5-607A

The Power Distribution System Layout is an overall plant plot which
include electrical substations, manholes, and duet banks. This drawing
locates the substations and defines the routing of underground conduit
systems,

Switchyard Plans 00-5-611A thru 611C and 00-4-611E

. These sketches are preliminary switchyard arrangements for the Base Case
and Power Self-Sufficiency Case. The layouts are based upon standard
arrangements used by Fluor Power Services. The drawings are used for
allacating space on the overall plot plan and for estimating major electrical
equipment.

Grounding, Street, and Perimeter Lighting 00-5-612A

The grounding portion of this drawing defines the extent of the intercon-
necting system used to establish a single ground reference point within the
plant. Overall area and security lighting is presented here as well.

'Hé use ‘of this drawing in conjunction with the Flour standard drawings
previously listed provides the estimator with a tool that defines the extent
of the grounding and lighting systems outside the boundaries of the
individual unit.
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6.3.20.4 (Continued)’

Distributed Control System Layout 00-5-613A

The Distributed Control System Layout is an overall plot plan drawing
which shows the routing and installation of the all conduit and hardware
associated with the distributed control system data highway.

Fluor Standard Substation Layout 00-2-14A

Fluor Standard Substation Layout is included to give a more complets
picture of what to anticipate in regards to the electrical system design.
The drawing presents an equipment layout that Fluor has found through
the course of past projects to offer the best compromise in coordinating all
the systems included in the substation.

This design is an idealized arrangement and may not be adaptable to all
installation. A final substation design will depend upen the particulars of
each individual situation as well as client requirements.

Power, Lighting, and Grounding Plan; Raw H,O0 Supply Pumpiang Stations
44-5-607A

This drawing has been developed to define and estimate all electncal

equipment and systems associated with the Raw Water Supply Pumping
Stations.

Power Self-Sufficlency Case

Onsite generation and the base plant load for the Self-Bufficieney Case are

significantly different than the quantities developed in the Base Case. See
Table 6.3.20-1 for a comparison.

*
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6.3.20.4 (Continued)

The plant design in the Self-Sufficiency Case is capable only of supplying
its own electrical energy requirements. No design consideration are
included for the plant to be a net electricity exporter.

One hundred percent redundancy in the power generation plant assures an
adequate degree of on-time energy production. A standby utility service
increases overell system security.

With the elimination of export power the 230 XV switchyard design level
dictated by the utility connection in the other cases is no longer appli-
cable. Design considerations in the Power Self-Sufficiency Case indicate
that a 69 KkV level is adequate.

The revised plant design considerations also indicate that the breaker-and-
a-~half scheme used in the other cases exceeds acceptable engineering prac-
tices. A double bus, single breaker scheme has been evaluated and found
to be an acceptable approach.

This scheme uses two main buses and each circuit includes two bus selec-
tor disconnect switches. A bus tie connects to the two main buses and
when closed allows transfer of a feeder from one bus to the other without
deenergizing the feeder circuit.

Generation and base plant power supplies are connected to the switchyard
in 8 manner which is substantially the same as in the Base Case.

The capital cost estimate of the Power Self-Sufficiency Case does make
allowance for the reduction in generation and base plant load as well as
the reconfiguration of the switchyard.
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6.3.20,5 CONCLUSION

The drawings aud writings included in this section of the final report pro-

vides a preliminary design and description of the electrical system for the
synfuels plant.

The engineering approach to the design of the electrical system follows
established industry standards and proven Fluor practices.

The electrical system is economically designed for reliable service and
safety to personnel and equipment, ease of maintenance and operation,
minimum power losses, mechanical protection of equipment, interchange- -
ability of equipment and addition of future loads. Additionally, the
electrical layout takes into consideration the total size of the installation,
generation capacity, utility service, and load density.

Special attention has been given to those items which have a large influ-
ence on the overall cost and selection of system voltages. These items
include switchgear, fault duty, feeder circuits and circuit arrangement,

Sectionalization and segregation have also been considered as important
factors in ensuring relisbility. This approach is designed to limit a feilure
to small portions of the system.

The basis engineering philosophy is to distribute power at the most
economical distribution voltage level to areas of concentrated electrical
lcad. The distribution voltage shall be transformed to a lower utilization

voltage and delivered to the utilization equipment wia relatively short
secondary feeders.

Voltage insulation levels, interrupting ecapacities, circuit protection,
continuous current capacities and mechanical strengths shall be selected
and coordinated. in accordance with calculations, and the recommendations
of the Institute of Electrical and Electronic Engineers (IEEE), the National
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6.3.20.5 (Continued)

Eleetrical Manufacturers Association (NEMA), the National‘_Standards Ingti~
tute (ANSI), and the Insulated Cable Engineers Association (ICEA).
Necessary calculations will be made to ensure all equipment is suitable for

the duty required and the application.
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DRAWINGS

835704-00~-5-602
835704-00-5-603A

835704-00-5-603B

835704-00-5-603C
835704-00-5-603D

835704-00-5-603E

835704-00-5-~603F
835704-00-5-603G
885704-00-5-603H

835704-00-4-605G
835704-00-4-605LA
835704-00-4-605LB
835704-00-4-605LC
835704-00-4-605LD
835704-00-5-607A

835704-00~5~611A
835704-00-4-611B
B35704-00-4-611C
836704-00-4-611E

APPENDIX 6.3.20~1

ELECTRICAL DESIGN DRAWINGS

TITLE

Area Classification

Utility & Distribution System

Bagze Case

Power Distribution, Generation
Plant

Power Distribution, Northern Area
Power Distribution, Central &
Eastern Areas

Power Distribution, Central &
South Eastern Area

Power Distribution, Western Arca
Power Distribution, Unit 13 Rectisol
Utility & Distribution System
Alternate 1

Standards Grounding

Standards Lighting

Standards Lighting

Standards Lighting

Standards Lighting

Power Distribution System Layout

Switchyard Plan
Switchyard Plan
Switchyard Plan
Switchyard Plan (Alternate 1)

REVISIONS
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APPENDIX 6.3.20-1 (Continued)

DRAWINGS TITLE " REVISIONS
835704-00-5-612A Grounding, Street, and Perimeter
Lighting
835704-00-5-613A Distributed Control System Layout
835704-00-2-14A Fluor Standard Substation Layout
835704-44-5-60TA Power Lighting and Ground Plan
Raw H,0 Supply Pumping Stations 1
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