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THE ELECTRICAL DESIGN OF THE EBR-II          '

by

F. Verber and H. L. Schmidt

ABSTRACT

This report summarizes the electrical design of the Experimental
Breeder Reactor II Facility (EBR-II). It attempts to gather together and
present in reasonable detail the essential features and workings of the com-
pleted design, and to present a concise overall view of the system.

The main objective of the EBR-II electrical design was to achieve a
high degree of reliability and continuity of power supply commensurate with
the desirability of minimizing the number of reactor scrams and consequent
thermal shocks to the fuel subassemblies and other components Of the
reactor.

The order of presentation consists of a simple sequence of main di-
visions, progressing from general to specific coverage. First, a brief gen-
eral discussion of the EBR-II is presented, followed by a discussion of
physical aspects of the design, including the location and arrangement of
electrical equipment in buildings and yard areas.  This is illustrated with
the use of figures showing electrical equipment layouts. The design features
of the underground duct system, grounding system, communication, and
alarm systems are then described.  Next is presented a brief discussion of
the ·operational characteristics of the electrical sj,stern. The remainder of
the report, including three Appendices, is devoted to a more detailed tech-
nical discussion of the various components and their functions in the system.

--

Because of the magnitude and mahy facets of the subject matter in-
volved in the electrical design of the EBR-II, the presentation is necessarily
abbreviated. For example, alternative schemes that were investigated and
evaluated during the development stages of the design have been omitted; de-
tails of controls and instrumentation for most of the electric motor-drive ,
equipment, such as the primary and secondary sodium pumps, have been
likewise omitted. Other parts of the design are also presented in a con-
densed form.

On the other hand, certain areas of the design are treated at consid-
erable length, viz., the 480-V emergency power system, protective relaying,
and the turbine-generator.
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Notwithstanding the omissions and condensed versions of certain
phases of the design, the authors believe this report provides a useful and
accurate record of the essential features of the EBR-II electrical design.

I. INTRODUCTION

The Argonnd Experimental Breeder Reactor (EBR-II) at the National
Reactor Testing Station near Idaho Falls, Idaho, is part of the Atomic Energy
Commission' s· program for the development of power reactors.   It is primar-
ily an engineering facility to determine the feasibility of this type of reactor

for application in a central power plant. The EBR-II is an integrated nuclear
power plant with-an unmoderated, heterogeneous, sodium-cooled, fast reac-
tor, with primary and secondary systems.· for transfer of sodium, a sodium-
steam heat exchanger, and a conventional hydrogen-cooled turbine-generator.
A fuel-reprocessing plant, in which the irradiated fuel is processed, fabri-
cated, and assembled for return to the reactor, is an integral part of the
EBR-II Facility.

The thermal-power capability of the reactor is 62.5 MW, and the
gross electric power capeibility of the plant is 20 MW. The temperature of
the sodium at the reactor outlet is 883°F; steam pressure and temperature
at the turbine throttle are 1250 psig and 8370F, respectively.

The EBR-II Facility is located on Site 16 of the National Reactor
Testing Station (see Fig. 1), along the east line of the NRTS 138-kV power
loop between SPERT and ANP Facilities.

Figure 2 gives an aerial view of the EBR-II Facility and an isometric
drawing showing the arrangement of the Reactor Plant, Sodium-Boiler Plant,
Power Plant, Fuel Cycle Facility, and supporting facilities.

The Reactor Plant housea the reactor system, the primary sodium
coolant system, and supporting facilities for these systems, including the
high-current power rectifier and floating battery for the primary auxiliary
electromagnetit pump. The building is a cylindrical gastight shell of steel
plate construction, d€signed to withstand an internal pressure of 24 psi.

The Power Plant includes the control room for the reactor and power
system, the turbine-generator, emergency diesel-generator units, 13.8-kV,
2.4-kV, and 480-V switchgear, motor-cohtrol centers, a machine shop, and
personnel facilities for the reactor and power-system operating staff.  The
building is of conventional construction, with pumice block perimeter base
wall and sheet metal siding.

The Sodium-Boiler Plant contains the, secondary sodium system and
the steam generator. The building consiits of :a " sodium wing" and a "boiler
wing," separated by an 18-in.-thick re'inforded-cohcrete wall. The sodium
wing houses the pumping, purification, and storage facilities for,the. secon-
dary system sodium, including the sodium-receiving station.  It also contains
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the motor-generator set for power and control of the a.c secondary electro-
magnetic pump, together with instrumentation and control panels.  The sodi-
um wing is a single-story structure of fireproof construction. The boiler
wing houses the secondary system a.c. linear -induction electromagnetic
sodium pump, the sodium surge tank, the steam generator, and associated
steam and feedwater piping. The boiler wing is of reinforced-concrete
construction.

The Fuel Cycle Facility contains a shielded argon-atmosphere cell
and a shielded air-atmosphere cell for disassembly, processing, fabrication,
and assembly of fuel elements and subassemblies. The Facility also con-
tains supporting faciliti·es for these operations, including an emergency
diesel-generator ·unit, the inert-gas storage facilities, the sodium equipment
cleanup cell, and exhaust ventilation system and stack for the Fuel Cycle
Facility, Reactor Plant, and Laboratory and Service Building. The building
is of conventional construction with pumice blocks base wall and sheet
metal siding.

The Laboratory and Service Building is a one-story pumice block
structure, with a basement, containing laboratories, darkroom offices, locker
room, and related facilities.  The ANL Idaho Division Director, Assistant
Business Manager, and staffs have offices in this building.

Special facilities, including low- and high-level counting rooms, fuel
storage vaults, junior caves constructed of high-density concrete, disposal
systems for contaminated and suspect waste, and related facilities, are also
included. The automatic telephone exchange equipment for the entire EBR-II
facility area is installed in this building.

Pump House No. 1 is a one-story pumice structure adjacent to the
above-ground water-storage tank, housing 4eep well pump No. 1, three water
service pumps, and the diesel-driven fire pump, including all instrumentation,
controls, and auxiliaries.

Pump House No. 2 is a one-story pumice block building which houses
the deep well pump No. 2 and its instrumentation and control.

The Fuel Oil Tank and Pump House is a pumice block structure built
adjacent to the above-ground fuel-oil-storage tank; it houses the oil-pumping
equipment, and is complete with piping, controls, instrumentation, and
auxiliaries.

The Fire House is a pumice block structure with space for living
quarters for the fire protection crew and garage space for one ambulance and
one fire truck; it is equipped with electric power-operated doors.
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The Guard House- is a pumice block structure with counters, storageracks, and turnstile. The short-wave radio system and gate-operation con-
trols are housed in this building.

The Waste Disposal Facilities is a complete system for disposal of
sanitary and industrial wastes, and includes lift stations, Imhoff tank, sewage--Itreatment house, metering pit house, and leaching pit. Below-ground instal-
lations are of reinforced concrete and above-ground buildings of pumice
block. The buildings are electrically hdated and house equipment used to
operate the system.

The Materials and Service Building is a standard prefabricated steel
frame, sheet metal building erected on a concrete slab. It houses the plant
services organization.

This report focuses on the principal design elements comprising the
EBR-II electric power system.

The design features incorporated in the power system represent an
attempt to achieve a high degree of continuity of power supply and thus tominimize the number of reactor " scrams" and consequent thermal shocks
to the fuel subassemblies and .to other components of the sodium-cooled
reactor. Careful consideration was given to various factors affecting the
system design with respect to reliability, flexibility, control and instrumen-
tation, safety, maintenance, and economy.

In general, all electrical equipment, such as the 13.8-kV, 2.4-kV,
and 480-V switchgear, transformers, motors, and motor-control centers
was designed, constructed, and factory tested in accordance with the pre-
vailing applicable standards of the American Standards Association and the
National Electric Manufacturers Association.

Several private companies contributed substantially to the electrical
design or construction of the EBR-II Facility. The following is a list of some
of these companies:

The H. K. Ferguson Co., Cleveland, Ohio Architect-Engineer
(General)

Gibbs and Hill, Inc., Los Angeles, California Architect-Engineer
(138-13.8-kV Outdoor

=                                   Substation)

Diversified Builders, Inc., Paramount, California General Construction
Contractor

C. L. Electric Company, Pocatello, Idaho Electrical Construction
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-    Bonberg and Wehrhelm Electric Co.,                                -
Las Vegas.,-Nevada Electrical Construction

Eischback and,Moore, .Inc., Seattle, Washington Electrical Construction

J. F. Prichard and Co., Kansas City, Missouri Electrical Construction

General Electric Company, Chicago, Illinois Generator Transient
Stability Study

Sargent and Lundy Engineers, Chicago, Illinois Protective Relaying
Study

Detroit Edison Company, Detroit, Michigan .Design Review

Overall design responsibility for the EBR-II Facility was assigned to
the Reactor Engineering Division of the Laboratory. The following is a list
of staff personnel who made substantial contributions to the EBR-II electrical
design:

L.Barnes                           · A. Lovoff
P . E. Brown H.0. Monson
D. L. Byersi K.J. Moriarty
T. D. Cassidy C.A. Pesce
S . L. Chapinz C. M. Putness
R.I. Fabijonas R.L.Ramp
V.E. Finnegan J.R. Simanton
3 . 3* . Gregory3 H. L. Schmidt
J . R. Goodrich G .  H.  Schmuz 1
F.  B. Hall W.R.   Simmons
H. H._ Hooker T.R. Spalding
R.A. Jaross                - D.J. Veith
H. Kacinskas F. Verber
L.J.Koch W.W.   White4
M. Levenson L. J . Worleyi 4 -

In addition, the members of the Reactor Engineering Division Draft-
ing Department, Scheduling Section, and Secretarial Section contributed very
significantly to the project.

The following is a list of the manufacturers of major item:s of eiec-
trical equipment used in the Facility.

lon loan from Illinois Power Company, Decatur, Illinois.
2on loan frorn Sargent and Lundy Engineers, Chicago, Illinois.
30n loan from Commonwealth Edison Company, Chicago, Illinois.
4on loan from Detroit Edison Company, Detroit, Michigan. '
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Federal Pacific Electric Co., Newark, N. J. Metal Clad Switchgears,
\ Power Transformers,

Motor Control Centers

General Electric Co., Schenectady, N.,Y. . Turbine-Generator Unit,
M-G Set for Secondary

»                  Pump, Motor Control
Centers

I
Leeds and Northrup Co., Philadelphia, Pa. Instrumentation and

Control, Control Panels

Electric Machinery Mfg. Co., Minneapolis, Minn. M-G Sets for Primary
Pump s

The Electrid Products Co., Cleveland, Ohio Continuous Ppwer
Supply Systern

Ther Electr,ic and Machine Works, Chicago, Ill. D.C. Power Supplies

Richardson-Allen Corp., College Point, N. Y. D.C. Power Supply

Waukesha Motor Co., Waukesha, Wis. Diesel-Generator Units

Westinghouse Electric Corp., Pittsburgh, Pa. Main Power Trans-
formers, 138-kV Oil
Circuit-Breaker and
Disconnecting Switches
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II. DESIGN SUMMARY

This section of the report is concerned primarily with the physical
aspects of the design, with emphasis on the locations and arrangements of
electrical equipment in the Main Outdoor Substation, Power Plant, Reactor
Plant, Sodium-Boiler Plant, and Fuel Cycl,e Facility. In addition, the design
features of the undergound duct system, grounding system, communications
and alarm systems, and yard lighting are described.

A.   EBR-II 138- 13.8-kV Main Outdoor Substation

The EBR-II substation (see Fig. 3) is comprised of high-voltage
equipment including two main power transformers, one 138-kV oil circuit
breaker, six disconnecting switches, six coupling capacitor potential devices,
six lightning arresters, and porcelain insulators. The support structures for
the incoming 138-kV lines from SPERT and ANP and for the disconnecting
switches, bus supports, and bus sections consist of galvanized structural
steel racks. The power transformers, lightning arresters, and potential de-
vices are mounted on concrete pads. A 176- by 106-ft chain link, galvanized
steel fence surrounds the substation. A normally unattended control house
is located inside the substation, between the power transformers.  The
control house contains a duplex relay and control board, a supervisory panel,
a 125-V, 60-cell station control battery, battery charger, distributi6n panels,
and a.cable pit for intefconnection cables to the EBR-II Power Plant 'and
Scoville Substation.

The EBR-II substation is typical of other, high-voltage substations on
the NRTS loop, except that the secondary circuit breakers are located in the
Power Plant Building instead of in the substation control house. The trans-
formers are connected to the circuit breakers by insulated power cables
installed in underground ducts.

B. Power Plant

Control of power generation and 13.8-kV, 2.4-kV, and 480-V power
distribution is accomplished essentially from control-panel sections E-1

through E-7 in the Main Control Room located on the operating floor of the
Power Plant Building (see Fig. 4).  West of the Main Control Room is the -

turbine-generator, the 13.8-kV metal-clad switchguar, the turbine. gauge
board,  and, the hydrogen panel.
.

L6cated on the mezzanine floor (see Fig. 5) are the generator field

amplidyne excitation system cubicle, the battery room containing the 125-V
station battery, the 240-V floating battery for the continuous power-supply
system,  and the Cable Routing Room which house s the continuous power-
supply system unit, distribution panels, control-rod relay cubicles, nuclear

relay racks, and process shutdown relay racks. A network of cable tray-s
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provides for the routing of the numerous control cables between the console
and control panels in the Main Control Room above, and the various equip-
ment and devices located in the Power Plant Building, Reactor Plant Building,
and other areas of the Facility.

The 2400-V metal-clad switchgear is located on the first floor along
the south wall of the building. Approximately 15 ft to the east is the 480-V
main switchgear.  On the outside of the building wall are located two
2500-kVA and two 2000-kVA askeral-filled power transformers. These are
connected to the 2400-V switchgear and 480-V main switchgear, respectively,
by metal-enclosed bus ducts (see Fig..6). Within 40 ft of the 480-V main
switchgear are located the 480-V emergency switchgear, the 100-kW and
400-kW emergency diesel-generator units, the 480-V lighting distribution
center, and 480-V motor control centers P-1, P-2, R-1, and R-2. These
constitute the main distribution centers of the 480-V power system.

The 480-V lighting distribution center consists of circuit-breaker
sections for each of the 112-kVA, 480-120/208-V lighting transformers in
the Power Plant and Reactor Plant, and the 480-V distribution panel in the'
138-13.8-kV substation.

Motor-Control Center (MCC) P- 1 feeds the auxiliary loads located in
the Power Plant Building; MCC P-2 serves the cooling tower fans, startup
boiler feedwater pump,  etc;  MCC R- 1 serves Reactor Plant and Power Plant
auxiliaries; MCC R-2 feeds the shield- and thimble-cooling system drives.

Front panel views of the 13.8-kV, 2.4-kV, and 480-V switchgear,
showing arrangements of controls, instrumentation, and protective relays,
are shown in Figs. 7 through 10.

C. Reactor Plant

The electrical equip'ment and cables used in the Reactor Plant
Building are mainly of standard manufacture, and were installed in accor-
dance with conventional industrial and power-plant practices. Motor-control
centers, power rectifiers, instrument panels, safety switches, gtarters,
distribution panels, etc., have, general-purpose enclosures. In general, no
special insulation or special enclosures were required for protection from
exposure of electrical devices and wiring to radioactive radiation. Special
consideration, however, was given for the cables and devices used. in loca-
tions of comparatively high levels of radioactivity; for example, radiation-
resistant, 600-V, glass-braid, multiconductor, shielded cables with Mylar
tape wrap and silicone jacket were used in certain' instrument thimbles in
the primary tank.

Cable trays are installed along sections of the wall above the operat-
ing floor and on the electrical-equipment balcony for the routing of power,
control, and instrumentation cables. Cable trays are similarly used in the
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shallow depressed afea adjoining tile primary tank. Steel conduits buried in
the concrete walls and floors provide for vertical and horizontal routing of
cables. Penetration of the reactor building steel containment shell with
electrical circuits is covered in Appendix' C. See Appendix A for control
modification of building crane.

Figure 11 depicts a vertical cr6ss sectiori of the Reactor Plant Build-
c ing and plan views, showing the arrangement of equipment on the operating

floor, depressed areas, and electrical-equipment balcony. The rectifier and
floating battery for the auxiliary primary electromagnetic (EM) pump are
located in the shallow depressed area. Instrument centers Nos. 1 and 2 are
located nearby on the operating floor; the local control cabinet for the aux-
iliary pump is mounted on the north side of instrument center No. 1.  The
main disconnect breaker and 480-V distribution panel fo,r the primary-tank
immersion heaters are mounted on the wall'behind instrument center No. 2.
The fuel-handling control center is located near the personnel air lock.

The rectifier for the fuel-element-rupture-detector EM pump is
located in the depressed area east of the· primary tank. The rectifier for
the sodium-purification-system piimp is located on the electrical-equipment
balcony, along with motor-control centers Nos. 4 and 5, 480- and 240/120-V
distribution panels, starters and variacs for the fuel-handling system,
rotating-plug-seal heaters, Argon-cooling system, and other loads.

Figure 12 shows the arrangement of various electric-power and
control equipment in the basement, and also the shield- and thimble-cooling
systems drive equipment in the subbasement.

D. Sodium-Boiler Plant

The 350-kW motor-generator set for the secondary sodium a.c.
-                linear EM· pump islocated inthe electrical room (see Fig. 13) in the sodium

wing of the Sodium-Boiler Plant. The electrical room also houses the motor-
control center S- 1, sodium induction-heating and resistance-heating panels,
a Panascan control panel, the sodium plant control panel, and other control
panels.

The power transformers for the sodium piping-heating system and
for sodium surge-tank heaters are located in the basement under the electri-
cal room. The secondary a.c. linear EM pump is located on the first floor

.

of the boiler wing.

E. Fuel Cycle Facility

Figure 14 is a layout of the Fuel Cycle Facility basement showing
the main incoming line circuit breakers, emergency diesel-generator unit,
automatic transfer switch, motor-control centet, and various auxiliary
drives.
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Figure 15 is a sectional elevation of the Argon Cell showing the
arrangement of the cell cranes and manipulators, as well as their feeder
and control cables.

F.  Underground Duct System

The underground distribution systems for the EBR-II utilities and
services include electrical., water, steam, condensate, fuel oil, demineralized
water, sanitary sewers, industrial waste sewers, compressed plant air,
compressed instrument air, and suspect gas.

The electrical underground system (see Fig. 16) consists of neces-
sary manholes, handholes, concrete-encased nonmetallic ducts and,/or
galvanized steel coriduit runs, and cables as required for the power, control,
alarm, and communication circuits between the buildings.

The following briefly reflects the design criteria for the underground
duct system: \

Underground nonmetallic ducts and galvanized steel conduits are
encased in a red-dyed reinforced-concrete envelope (for ready identification
as an electrical duct) with a minimum of 3-in.-covering on all sides.  The
concrete is mixed with a red dye to produce a distinctive red coloring of the
concrete. Reinforcing steel rods for the concrete envelopes are arranged
in a 'manner to avoid forming continuous conducting paths around any one .
duct or group of ducts, thus preventing the flow of induced circulating
currents.

Steel dowels are installed between the concrete envelope of a non-
metallic duct bank and the wall of a building or manhole on which the
envelope terminates. -The nonmetallic ducts are made of pressed cement-
asbestos (Transite Korduct).

Separate manholes and handholes are provided for power and
communications underground services. Electric manholes are of reinforced-
concrete construction with overall dimensions approximately 72 x 66 x 90 in.
deep, with 6-in.-thick walls and ceiling, and an 8-in.-thick floor pad.  The
manhole is equipped with a cast iron cover assembly, access ladder, sump,
grounding cable, supports, and cable-pulling irons. The telephone manholes
are of the same type of construction and approximately 66 x 60 x 90 in. deep.
The handholes are approximately 66 x 30 x 54 in. deep.

The cables for underground power distribution at 480 V have 1000-V
insulation; the cables for power distribution at 2.4 kV have 5-kV insulation;
for power distribution at 13.8 kV, 15-kV ungrounded neutral insulation.
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G. Grounding System

-                  Because of the poor electrical-grounding characteristics of the
surface and underground strata at the EBR-II site, it was necessary to
provide a yard grounding network system which is more elaborate and
expensive than those usually required in the average industrial or utility
pIant in this country.

The yard grounding network system (see Fig. 17) is comprised
principally of copper grounding plates, grounding electrode inspection
and testing wells, and #4/0 and 500 MCM bare, interconnecting copper
grounding cables. All splices of grounding cables and copper rod connec-
tions to the grounding plates are of the " Cadweld" thermal process-type
connections (see Fig. 18). Buried bolted connections were not permitted.

The grounding electrode inspection wells provide for the inspection
of grounding connections and watering the earth around the ground electrode
plates during the dry season. The connection of the grounding cables from
the grounding network to the copper rod that is welded to the ground plate
is made with a solderless connector to allow testing of the grounding
electrode separate from the network. The grounding electrode wells consist
of cast iron boxes of 16-in. inside diameter, 24-in. high, and with a
13-·in,-diameter cast iron cover.

The grounding network is connected to building structural steel and
to the ground bus-bar systems in buildings. All switchgear enclosures,
transformer enclosures, motor and generator frames, bus duct enclosures,
distribution cabinets, motor-control centers, control panels, etc., are
grounded to their respective ground bus system. Ground connections to
equipment that could be removed during the no-rmal life of the facility are
made by means of a thermally welded lug, bolted to the equipment.

The overall effectiveness of the grounding system is enhanced
substantially by the connection of the above-described grounding network
system to the casings of the deep well pumps No.  1 and 2, and to the
grounding grid in the 138-13.8-kV Outdoor Substatiorr.

The well casings extend from the yard level to the permanent

underground water level, approximately 650 ft below.

The grounding grid in the 138-13.8-kV Outdoor Substation consists
of ground rods driven into the-ground and interconnected by buried #4/0 bare
copper cable; all buried ground connections are "Cadweld" connections.  The
driven ground rods are spaced approximately 10 ft apart. All electrical
equipment, the substation steel structures, overhead static wires, the conduit
system, and the substation fence are grounded to the substation ground grid.
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The following listed ground-resistance measurements were taken
on structural members of buildings at or near the locations indicated:

Location Ground Resistance, 0

Outdoor Substation Fehce (north center) 1.5

Power Plant (west door)                                   ·         0.5                -

Reactor Plant (freight door) 0.4

Sodium-Boiler Plant (sodium wing, south entrance) 0.8

Fuel Cycle Facility (north entrance) 0.7

The measurements were made on June 24, 1965 Jith an Associated
Reasearch Inc. VIBROGROUND, Model 251 Tester (Ser. No. 251877).

\
The principal ground for the TREAT Facility is established by

means of buried copper grounding cables connected to the EBR-II grounding
network.

H.  Communications and Alarm Systems

1.   Telephone and Public Address System

The telephone and public address or paging system is an integra-
ted'system.  It was designed, furnished, installed, and is being maintained by
the Mountain States Telephone and Telegraph Company  (MST&T). The system
includes all necessary equipment, such as telephone instruments, switch-
boards, telephone racks, relay racks, telephone terminal boards, amplifiers, -

-  loudspeakers, and wire and cable. This equipment is provided by MST&T on
an installation and rental basis as adopted for. similar equipment and  in-
stallations in other facilities in the National Reactor Testing Station.

The Laboratory and Service Building is the distribution center
for all telephone circuits in the EBR-II area. A 300-line (300-pair) auto-
matic telephone exchange is installed in the basement of that building.  This
exchange accommodates the needs of EBR-II and TREAT as well as the
needs of ZPPR, ITF, and other future additions in the area.

The telephone system is equipped with extensions connecting the
EBR-II area with EBR-I and other selected extensions on the NRTS Site,
whi6h may be reached directly by dialing. Other extensions on the NRTS
Site are reached through the telephone switchboard at NRTS Central
Facilities.
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The public address system ehables one to page in any building
and certain yard areas on the EBR-II site. Any phone in the EBR-II tele-
phone system can be used to address the desired EBR-II area by dialing
the number listed for that area. There is one unlisted emergency all-call
number which is given very limited distribution.  When this number is
dialed, it overrides any other calls that may be occurring or attempted.
Emergency all-call addresses are automatically delivered with increased
volunne.

A particularized telephone installation is provided between the
Console in the Main Control Room and stations in the Cable Routing Room,
Reactor Plant, and Sodium-Boiler Plant. A pushbutton station on the Console
permits ringing the other stations simultaneously or individually, and also
permiis connection to the plant telephone system for outside calls; a hold
pushbutton is also included. The outlying stations are equippad with push-
buttons and can call the Control Room Console and can also make outside
calls. Power for this service is supplied by a rectifier connected to the
process gener,ator of the continuous power supply system.

A common talk line is provided in the Fuel Cycle Facility.
This consists of a single telephone line to which are connected plug-in

' jack-type telephone stations located at the viewing windows of the Argon
and Air Cells and a two-way speaker located in the control room.  By
plugging in head or hand phones, any station can communicate with the
other stations on the line. Outside calls, one at a time, may also be made
from these stations.

A four-channel sound-powered telephone system is installed
for communication between the Main Control Room and· various operating
locations in the Power Plant, Reactor Plant, and Sodium-Boiler Plant.  The
plug-in, sound-powered telephone sets are U. S. Instrument Company
Type A560 hand phones. The locations of the telephone jacks comprising
the four channels are as follows:

Chanhels 1, 2, 3, and 4 Channels 1 and 3

a.  Control Room (5 locations) a. Outside personnel air lock
b. Sodium-Boiler Plant Control b. Inside personnel air lock

Panel
c. Instrument Control Center #1 Channel 1
d. Instrument Control Center #2 (Sodium-Boiler Plant--Boiler Wing)
e. Instrument Control Center #3 a. Main floor near EM pumpf. Corridor Panel

b.  2nd level, top of stairwayg. Cable Routing Room (2 locations) c. Near feedwater valveh. Fuel Handling Console
i. Datex System (Reactor Basement) d.  3rd level, top of stairway

e. Top level, near surge tank
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Channels 1 and 2

a.  At turbine panel i. North turbine pedestal
b. & c.  East and west ends of j .  Feedwater pump panel

13.8-kV switchgear k. Demineralizer area
d. Near condensate storage tank 1. South turbine pedestal
e. Near air ejectors m: Near hydrogen-system manifold
f. Near turbine oil system n.  On catwalk over pump pit

(mezzanine) o.  On generator exciter panel
g. Near flash tanks (rnezzanine)
h.  End of No. 1 heater

2. Evacuation Alarm System

The evacuation alarm system is designed to alert the entire
EBR-II area in the event of a radiation hazard.  The main evacuation siren
is a Federal Sign and Signal Corp. Model 2T22 siren with a 71-hp, 440-V,
3-phase motor mounted on top of the Power Plant Building. Small sirens of
the same manufacture; Bulletin 111, Model A for 110-V, single-phase
operation, are installed in the following locations:  one in the cable tunnel,
two in the basement of the Laboratory and Service Building, two in the base-
ment of the Fuel Cycle Facility, three in the Reactor Building, and one in
each basement wing of the Sodium-Boiler Plant. Electric power for the
operation of the sirens originates on the emergency bus section of motor-
control center R- 1.

The evacuation alarm system can be actuated from a control
station located in the Division Director's office, the EBR-II Reactor, the
Main Control Room, the Fuel Cycle Facility, and the Guard House.  Each
control station has a black alert pushbutton which initiate s a continuous
siren signal, a red evacuate pushbutton which initiates an oscillating siren
signal, and indicating lights which indicate the location from where an alarm

originates. In addition, indicating light stations are installed in the two wings
of the Sodium-Boiler Plant and in the Materials and Services Building.  All-
clear notification is given by voice over the public address system.

3.   Fire and Security Alarm Systems

The EBR-II complex is equipped with a fire and security alarm

system, including manual fire alarm, automatic fire alarm, vault and bur -
glar alarm, and watchman tour reporting.

The fire alarm system is an American District Telephone
Company (ADT) system of the supervi·s·ed, noninterfering, coding type.  The
system includes manual fire alarm stations, automatic fire alarm stations,
space indicating cabinets, coding bells and horns, and smoke detectors.
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Systems that detect sodium smoke are installed in the Sodium-Boiler Plant
-   and Reactor Plant. The actuation of any fire alarm device results in the

sounding of all coding be'lls within the building in which. the device is
actuated.  The code numbers are assigned so that the first digit of the code
indicates the building, the second digit indicates the floor or subdivision of
the building, and the third indicates the specific location of the actuated
device from which the alarm originates. Fire alarm signals are recorded on
a punch-type recorder located in the Fire House. The signals are retrans-
mitted via telephone wires to Central Facilities Area Fire Headquarters.

Ultrasonic burglar-alarm units are installed for protection of
the two vaults in the Laboratory and Service Building. The alarm signal
is transmitted via telephone wires to burglar-alarm drops located at Central
Facilities.

The watchman tour system consists of key-operated mechanical
watch tour stations and electrical code-transmitting start, mid-tour, and
finish stations. The electric stations are located in the Guard House, Power
Plant, and Guard House, respectively. Watchman tour signals are recorded
at Central Facilities Area Communications Room via telephone wires.

J. Yard Lighting

1. Security Fence Lighting

The security fence-lighting system is a 120/208-V, 3-phase,
4-wire system consisting of aerial cables carried on a wooden pole line
installed 15 ft inside the site perimeter fence. The distance between poles
is approximately 130 ft. A die-cast aluminum hood lighting fixture With
reflector and 500-W lamp is mounted on each pole. The power feeder
circuits to the pole line are run in concrete-encased underground conduits
from the Guard House, where two combination starters and four fused safety
switches are located for control and protection of the lighting system.  A
photoelectric control device is used for automatic control of the lighting.

2.   Road and Parking-lot Lighting

The road-lighting system consists of aerial wires installed
on wooden poles and with a die-cast aluminum hood lighting fixture with re-
flector and a 200-W lamp mounted on each pole. Lighting fixtures are also
mounted on the walls of buildings.  The 120-V a.c. power for the lighting
circuits is taken from panels located in nearby buildings.

1

The parking-lot lighting system consists of a series of wooden

poles with a die-cast aluminum hood lighting fixture complete with a 6-ft
upswing pipe bracket mounted on each pole. Wiring between poles is carried
in underground conduit. Power is supplied from the Fire House,
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The road-lighting and parking-lot lighting systems are both
tcontrolled by photoelectric control devices.

-

3. Parking-lot Head-bolt Heaters

A wooden rack on which are mounted waterproof power outlets
for 2500-W, 120-V tank-type heaters for buses is. installed along the west
side of the parking lot and a similar rack on which are mounted power outlet
cords for 650-W, 120-V head-bolt heaters-for passenger cars is installed
along the east side of the parking lot. The feeder cables originate in the
120/208-V Pir.king Lot Power Panel located in the Fire House.

1

.

1
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III. OPERATIONAL CHARACTERISTICS

The following brief description of the operational characteristics of
the Electric Power System is intended to present a concise overall view and
to highlight the major features, particularly in respect to essential inter-
relationships of its parts. Other characteristics and ratings of equipment
comprising the power system are covered in Section IV - MAJOR
COMPONENTS.

A. NRTS Electric Power System

The NRTS 138-kV power loop (see Fig. 19) includes substations for
Scoville, SPERT, EBR-II, ANP, NRF,.MTR/ETR, and CPP. The loop is a
65-mile-long single-circuit line consisting of three 397,500-circular mil
ACSR conductors, carried on wood-pole H-frame structures, and protected
by two overhead ground wires, each 5/16-in., 7-strand, high-strength,
galvanized steel.

Power at 138 kV and 60 cycles is delivered to Scoville through
circuit breaker 8B 1- 1 over the Utah Power and Light Company single-
circuit tramsmission line from Goshen Substation, located approximately
45 miles southeast. Provision has been made at the MTR substation for
future receipt of 138-kV power through circuit breakers 8B3-2 and 8B3-3
over a single-circuit transmission'line from the American Falls Substation
of the Idaho Power Company.  A Utah Power and Light Company 44-kV
single-circuit line from Arco, about 19 miles distant, is connected to
Scowille Substation through a power transformer.

The EBR-II 20,000-kW turbine-generator supplies power to the
NRTS system on an "as available" basis.

The NRTS high-yoltage system is controlled from the control room
at Scoville Substation. This control. room includes the control, instrument
and relay panels for Scoville Substation, power-company billing meters and
telemetering equipment, and the dispatching panels of the supervisorycontrol
system.

The high-voltage substations are normally unattended and are con-
trolled from Scoville over the supervisory control system.  At each sub-
station control switches and indicating lamps are provided fgr.local control,
together with a manually operated control-selector switch.  In one position
of this switch only local control is permitted; in the other position only
supervisory control is permitted.. Indication of the supervised switches and
circuit breakers over the supervisory control system remains effective,
whether the control-selector switch is in the local position or the supervi-
sory position. The position of each control-selector switch is also indicated
on the supervisory control panels at Scoville.
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Normal operation of the 138-kV power system is with the loop closed.
Protective relays are provided on the sections of the loop to trip circuit
breakers and open motor-operated disconnect switches as required to clear
and isolate a faulted line section or power transformer while maintaining
continuity of power supply to other parts of the system with a minimum of
disturbance.

P]Aotection against phase-to-phase and phase-to-ground faults is
provided for each 138-kV loop section between substations by a Westinghouse
Corp.-Type HCB high-speed current differential pilot-wire relay at each end
of the line. Backup protection is provided by Westinghouse Corp. -Type  CR,
CR-8 or HCZ (directional overcurrent and directional impedance) relays for
phase-to-phase faults, and by Type CR, CRC, CWP or CWC (directional
ground) relays for phase-to-ground faults.

The current transformers for the line relays are connected so as to
place the power transformers outside the line-section protected zone.
Therefore, current surges caused by transformer-energizing currents,
loads, or faults outside the protected zone will appear as through currents
and will not cause operation of the HCB relays.

The pilot wires used in conjunction with the protective relaying
s,cheme employed. between substations are continuously supervised by
Westinghouse Corp.-Type PS-13 and PS-3 or PS-23 relays. These relays
will detect an open circuit, short circuit, or ground fault of the pilot wires,
and cause an alarm to sound. ·The pilot wires and their supervisory relays
are also used for transfer-tripping functions in case of a fault in a step-
down power transformer.

When any 138-kV line section, either of the loop system or of the
supply lines, is cleared by operation of high-speed pilot wire or carrier-
current relays, the oil circuit breakers at each terminal of the faulted line
section are automatically reclosed within 20 cycles by reclosing relays.  If
the fault persists and the breakers trip again, or if they were initially
tripped by line-backup relays or transformer-differential relays, the reclos-
ing function is locked out.

B. EBR-II 138-13.8-kV Main Outdoor Substation

Figure 20 is a simplified single-line diagram of the EBR-II electric
power system. As indicat8d, the Main Outdoor Substation has two class
OA/FA, 12,000 16,000-kVA, 132-13.8-kV, 3-phase, 60-cycle power trans-
formers with automatic load tap-changing equipment. These transformers
tie the 13.8-kV switchgear (located in the Power Pla.nt Building) to the
138-kV power system. This provides duplicate main power interconnections
and will permit essentially full-capacity operation of the EBR-II facility in
the event one transformer is out of service.
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The 138-kV loop-sectionalizing breaker 8Bll-1 and the motor-
operated line and transformer-disconnecting switches are normally con-
trolled by supervisory equipment from Scoville Substation; they may also
be controlled from the control house located in the EBR-II Main Outdoor
Substation. Similarly, 13.8-kV incoming line circuit breakers 5Bll-1 and
5B 11-2 in the Power Plant Building Bnay be tripped (but not closed) from
Scoville Substation or from the control house in the EBR-II Main Outdoor
Substation.

C. EBR-II Turbine-generator

Control and instrumentation for the EBR-II generat6r and electric
power and distribution system are located principally on panel boards in
the Control Room in the Power Plant Building.

Parallel operation of the EBR-II turbine-generator with the NRTS
power loop is normally under initial pressure-regulator control (overriding
the speed-governor control) to maintain a constant pressure in the steam
inlet to the turbine throttle.  The load assumed by the generator varies
directly with the output of the reactor up to the limit established by the ·load
limit device or speed governor.

Automatic return to speed-governor control of the turbine is provided
in the event the connection between the generator and the NRTS loop opens.

The EBR-II generator is of conventional hydrogen-cooled nonsalient
pole design, rated 25,650 kVA, 13,800 V, 3-phase, 60-cycles, 0.85 power
factor, 3600 rpm, with a direct connected exciter. Excitation control for the
generator is maintained by a continuously acting regulating (amplidyne buck-
boost) system.

When the EBR-II generator is operating in parallel with the NRTS
system, there are three sources of 13.8-kV power at the EBR-II Facility,

. namely, the two 13.8-kV incoming lines from the main power transformers
(eventually to be backed up by a second 138-kV utility power-company
transmission line serving the NRTS loop) and the EBR-II generator itself.

The EBR-II auxiliary load during 45 MWt operation of the reactor
and with the turbine-generator operating is currently approximately 3.2 MW,
including operation of the 800-hp motor-driven boiler feedwater pump.  When
the motor-driven feedwater pump is not in use, the auxiliary load is approxi-
mately  2.7 MW. During plant standby, the EBR-II auxiliary  load is approxi'-
mately 3.2 MW.  A 10 to 15 per cent increase in these loads is anticipated
when the Facility will be operating at full capacity.
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As previously noted, normal operation of the NRTS power system is
with the loop closed.  It was determined by a transient-stability study that
it could be hazardous to operate the EBR-II turbine-generator tied to the
NRTS system while the loop is open and an automatic (20-cycle) reclosure
of one of the loop sectionalizing breakers in the circuit occurs.  The pro-
cedure for operation of the turbine-generator therefore requires that the
NRTS loop must be closed when the generator is tied to it.  It is evident
that if automatic (20-cycle) reclosure of a loop-sectionalizing breaker occurs
in the closed loop, there is no hazard to the turbine-generator, since the
circuit between the generator and the loop is not interrupted.

It was also determined that an automatic reclosure of a breaker in
the Utah Power and Light Company 138-kV transmission line from Goshen
Substation could similarly prove hazardous to the EBR-II turbine-generator.
To prevent this, pilot-wire tripping of the 13.8-kV incoming line circuit
breakers  5Bll- 1 and 5Bll-2 is provided when the automatic reclosure of a
138-kV breaker in the utility transmission line is initiated.  In this case,
the EBR-II turbine-generator supplies the EBR-II Facility loads as a single
unit generator, until it is desired to synchronize and return to parallel
operation with the NRTS system.

An under-frequency relay is connected to separate the EBR-II system
from the NRTS system (by tripping breakers 5Bll-1 and 5Bll-2) when the

-turbine-generator is operating and the frequency of the NRTS system drops
to 58 cps; another under-frequency relay is provided to drop other loads
from the EBR-II generator, as desired, when the frequency drops to 57 cps;
a third under- frequency re Iay is connected to trip generator breaker 5B 1 1 - 10
when the frequency drops to 56 cps.

D. 13.8-kV System

As shown in Fig. 20, the 138-kV loop-sectionalizingbreaker 8Bll-1
and the 13.8-kV bus-tie breaker 5Bll-12 are normally closed. Incoming
line circuit breakers 5Bll-land 5Bll-2 are also normally closed. Inthe
event of a fault inthe 138-kV loop on one side of breaker 8Bll-1 or in one
of the main transformer circuits, protective relays operate to trip appro-
priate circuit breakers to isolate the faulted zone and maintain continuity
of power supply with a minimum of disturbance to the EBR-II system.  For
example, should a fault occur in the 138-kV loop between EBR-II and SPERT,
circuit breakers 8B 11- 1 and 5B 11- 1 would open automatically (together with
the automatic trippihg of the 138-kV tie breaker at SPERT), thus isolating
the faulted zone and maintaining continuity of power supply between EBR-II
and the 138-kV system via 13.8-kV Incoming Line No. 2.

The 13.8-kV incoming line breakers 5Bll-1 and 5Bll-2 are equipped
with overcurrent and directional overcurrent relays. The overcurrent relays
provide overload protection for the power transformers and backup protec-
tion for the protective relays on the 13.8-kV feeder breakers.  The
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directional overcurrent relays prevent the flow of current from the NRTS
power loop through a 12;000/16,000-kVA transformer to the 13.8-kV bus
and back to the NRTS power loop via the other 12,000/16,000-kVA trans-
former inthe event the 138-kV loop-sectionalizing breaker 8Bll-1 should
be opened.

Two 2500-kVA, 13.8-2.4-kV, 3-phase, 60-cycle power transformers
for the 2400-V power system (see Fig. 20) are served by feeders on the
13.8-kV switchgear, one on each side of the bus-tie circuit breaker.  The
neutrals of the wye-connected primary windings of these transformers are
grounded through grounding resistors to establish a grounded neutral for
the 13.8-kV systern.

Similarly, two 2000-kVA, 13.8-kV, 480-V, 3-phase, 60-cycle power
transformers for the 480-V power system are served by feeders from the
13.8-kV switchgear.

The TREAT Facility, approximately 9ne mile northwest of the EBR-II
Site, is fed from the 13.8-kV switchgear via a single-circuit pole line.

E. 2400-V System

The 2400-V power system is fed by two 2500-kVA power transformers
on the 13.8-kV system.  It is an ungrounded delta system. Though a 2400-V
grounded neutral system is generally considered to be preferable, the un-
grounded delta system has the advantage that the occurrence of an accidental
ground on one of the phases does not produce a fault current or cause a
reactor "scram; " a ground on the systerri may therefore be located and
cleared during normal plant standby. Ground detection and annunciation are
provided.

The two 2400-V incoming-line circuit breakers are provided with
one common set of directional overcurrent relays for bus-fault protection
and backup protection for the circuit breakers serving the branch circuits.
Directional power r-elays are provided for each of the 2400-V·incoming-line
breakers to trip .their respective breaker if power should flow from the
2400-V bus toward the 13.8-kV bus.

The 2400-V switchgear provides power for the relatively large plant
loads, namely, two 300-kW M-G sets for the two 350-hp primary sodium
pumps, a 350-kW MZG set for the secondary sodium a.c. linear electro-
magnetic pump, two 350-hp condenser circulating water pumps, an 800-hp
boiler feedwater pump, two 200-hp deep-well pumps, and a feeder serving
a 500-kVA, 2.4-kV-240-V, single-phase power transformer for induction
heating of the sodium piping and a 250-kVA, 2.4-kV-480-V, single-phase
transformer for the secondary system surge-tank heaters.
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The present design for the ZPPR Facility and the Inspection and Test
Facility calls for a 2400-V pole line feeder originating in a circuit breaker
section of the 2400-V switchgear.

F. 480-V Systenn

The 480-V power system (see Fig. 20) is fed by two 2000-kVA power
transformers on the 13.8-kV system.  It is a solidly grounded neutral

system.

The 480-V main switchgear bus is protected against bus faults by
a set of directional overcurrent relays which receive the sum of the current
into the bus. Coordination with the branch breakers is provided with the use
of instantaneous overcurrent relays which are connected and set to prevent
operation of the directional overcur·rent relays unless the current is large
enough to cause tripping of the branch breakers by their short-time-delay
elements. Directional power relays are provided for each of the 480-V
incoming-line breakers to trip their respective breaker if power should flow
from the 480-V bus toward the 13.8-kV bus.

The 480-V-system circuit breakers are equipped with overcurrent
devices to provide selective tripping, i.e., the tripping of only the breaker in
the circuit nearest the fault to disconikect the faulted circuit from the system.

The 480-V system includes 480-V main switchgear, 480-V emergency
switchgear, three emergency diesel-generator units, motor-control centers,
and a 480-V lighting distribution center.  Four of the motor-control centers
have a "normal" and an "emergency" bus section, and a normally open,
electrically operated bus-tie breaker. The "normal" bus section is fed di-

rectly from the 480-V main switchgear whereas the "emergency" bus section
is fed from the 480-V main switchgear via the 480-V emergency switchgear.

In the event of loss of voltage in the "emergency" bus section of a
motor-control center, without loss of voltage in the "normal" bus section, the
bus-tie breaker closes automatically to restore power to the "emergency"
bus section.

With sustained loss of voltage on the 480-V main switchgear, in
which case there is sustained loss of voltage on the 480-V emergency switch-
gear, the three diesel-generator units automatically start and assume their

respective emergency loads.

The 100-kW diesel-generator unit supplies emergency power for
operation of critical emergency loads in the Reactor Plant, namely, the
instrument thimble-cooling-system exhaust turbo-compressors, the s'hield-
cooling-system exhaust fans and damper motors, an instrument air
compressor, and auxiliary transformers for control and indicating lights.
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The 400-kW diesel-generator unit serves emergency loads in the
Reactor Plant, Power Plant, Sodium-Boiler Plant, Laboratory and Service
Building, and other areas.

Controls are provided for the 400-kW diesel-generator unit to
assume the critical emergency loads of the 100-kW diesel-generator unit
should the latter fail to operate.

The 200-kW diesel-generator unit serves the emergency loads of
the Fuel Cycle Facility.

Power for emergency lighting is supplied by the 400-kW diesel-
generator unit, the 125-V station battery, and by numerous 6-V storage
battery emergency lighting units located throughout the Facility.

G. Power Supplies  for  the Two Primary Sodium  Pump s

Each 350-hp, 480-V, 3-phase, 54.5-cps, totally enclosed, fan-cooled,
6-pole, squirrel-cage induction primary pump drive motor receives its
electric power from a separate 4-unit motor-generator set consisting of
1) a 400-hp, 2400-V, 3-phase, 60-cps, 1175-rpm, squirrel-cage induction-
drive motor, 2) a water-cooled eddy-current type variable slip coupling,
3) a 375-kVA, 480-V, 3-phase, 54.5-cps, 1090-rpm, 0:,8-pf synchronous
generator, and 4) a 3-kW, 125-V d.c., shunt-wound exciter, The 2400-V
circuit breakers serving the M-G set drive fnotors are part of the 2400-V
switchgear, as shown in Fig. 8.

Variable-voltage and variable-frequency output of the synchronous
generator is accomplished e fsentially by controlling the speed of the genera-
tor through control of the slip of the coupling between the M-G set drive
motor and generator. Variable speed of the pump drive motor from approxi-
mately 10 per cent of maximum rated speed is thus achieved.

The main control equipment and instrumentation for the M-G sets
are contained in three sections of the Corridor Panel located in front of the

M-G sets at the ramp and stairway entrance to the Reactor Plant Building.
Startup of the M-G sets is from this panel. Instruments, indicating lights,
and annunciation are also located on the Primary Section Panel in the Main
Control Room. After startup, all pump control is from the Console in the
Main Control Room.

The sodium-flow requirement of each pump is approximately 4670 gpm
at 54 psig. The rated maximum capacity of each pump is 5000 gpm at
85 psig.
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H. Power Suppl'y for the Secondary Sodium Pump

The power supply for the secondary sodium linear induction elect: o-
magnetic pump consists of a 2-unit motor-generator set with a 500-hp,
2400-V, 3-phase, 60-cps, 1185-rpm squirrel-cage induction drive motor and
a 438-kVA, 350-kW, 480-V, 3-phase, 60-cps, 1200-rpm, 0.8-pf synchronous
generator. The excitation rating of the generator field is 125 V d.c. and
36.6 A. The 2400-V circuit breaker feeding the M-G set drive motor is part
of the 2400-V switchgear.

A 1340-kVAR, 460-V, 3-phase, 60-cps capacitor bank is connected
across the electromagnetic pump for power-factor correction to prevent the
full-load current rating of the generator from being exceeded.

The generator-voltage control system originally consisted of an
amplidyne-electronic voltage regulator for control and regulation over a
10 to 1 voltage range. Operating experience, however, revealed the need
for improved incremental control of the pump voltage in the region of zero
voltage for satisfactory control of the reverse head on the pump. Under
certain conditions, i.e., when sodium flow by. natural convection is excessive,
it is desirable to reduce the flow rate by producing a bucking effect with the
purnp.

Control of the reverse head on the pump was improved by replacing
the amplidyne voltage-regulator scheme with a d.c. power supply consisting
of a 4: 1 ratio transformer, a motor-operated variable voltage transformer,
and a 2: 1 ratio transformer cascaded in the input to a single-phase, silicon
diode bridge rectifier.  The 4: 1 ratio transformer is switched out of the input
of the rectifier circuit for normal forward operation  of  the  pump.

The M-G set is placed in operation from the Secondary System Panel
in the Sodium-Boiler Plant; the generator breaker is controlled from the
Secondary System Panel in the Main Control Room. Pumping power (flow
rate)'is controlled from the Console in the Main Control Room.

The a.c. linear electromagnetic pump is nominally rated at 460 V
3-phase, 60 cps, 350 kW, and 1200-kVA, andis capable of providing a flow
of 6500 gpm, at a head of 53 psi, when pumping 7000F sodium.

I. Continuous Power-supply System

A continuous voltage- and frequency-regulated, 120-V, single-phase,
60-cps power-supply unit is provided for the nuclear and process instrum-
tation and control systems. It consists principally of a magnetic-amplifier
type of silicon power rectifier, a floating 240-V storage battery, a 15-kW,
d.c.-a.c. M-G set for the nuclear system;  a 20-kW, d.c.-a.c. M-G set for
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the process system; and a 50-kVA 480-120-V,·double-secondary, single-
phase, reserve transformer for the nuclear and process systems during
shutdown of the d.c. power system for maintenance or repair. The output
of each generator, as designed, has a voltage regulation of one per cent
and a frequency regulation of one cps.

It was determin'ed from operating experience that more stable
frequency regulation was needed for proper operation of certain instrumen-
tation on the process system during periods of sudden load changes on the
process--system alternatdr.  This need was met by the addition of a flywheel
to the process M-G set.

Under normal operation the rectifier supplies power to the M-G
sets and maintains the floating battery in a fully charged condition.  Upon
loss of 480-V a.c. power to the rectifier, the floating battery maintains
uninterrupted operation of the M-G sets. The battery is capable of main-
taining operation of the M-G sets for 30 min at full load or for a longer
period at reduced load. Since the power rectifier is automatically trans-
ferred to the 400-kW emergency diesel-generator unit when the normal

- 480-V power supply is lost, it is unlikely that the storage battery will be
called upon to power the M-G sets for more than 15 or 20 sec.

J.  Rectifier and Battery Power Supply for the Primary Auxiliary EM Pump

To assure maintained operation of the 500-gpm primary auxiliary
d.c. electromagnetic sodium pump, particularly for the period immediktely
following a reactor shutdown, a 0-15,000-·A, 0-1.7-V germanium rectifier
and a floating 1.4-V battery are provdied.

Power is normally supplied to the pump by the rectifier during
operation and shutdown of the reactor. The rectifier is used to give the
battery an equalizing charge and to maintain a trickle charge on the fully       -
charged floating battery.   With loss of -a.c. power supply to the rectifier,
the floating battery maintains uninterrupted operation of the auxiliary pump
at a slowly decreasing flow rate, for a.period of approximately 30 min.  The
power rectifier may be manually applied to the 400-kW emergency diesel-
generator unit.
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IV. MAJOR COMPONENTS

A.  EBR-II Main Outdoor Substation

1. General

The EBR-II 138-13.8-kV substation is similar to other subl
stations served by the NRTS 138-kV Power System, except that the
secondary switchgear is located in the EBR-II Power Plant Building in-
stead of in the substation control house. This arrangement exists because
of the fact that, unlike other facilities on the NRTS System, the EBR-II
Facility includes a 20-MW turbine-generator which is operated by ANL
personnel and which supplies substantial amounts of power to the NRTS
System on an "as available" basis.

The substation (see Figs. 3 and 20) contains two step-down
power transformers, one connected on either side of a 138-kV'loop-
sectionalizing oil circuit breaker. This provides a double-end feed to the
substation. The circuit breakers in the secondaries of the transformers
comprise a part of the 13.8-kV switchgear assembly in the Power Plant.
This provides duplicate main power feeders and will permit essentially
full-capacity operation of the EBR-II Facility in the event one transformer
is out of service.

Motor-operated horn-gap switches connect each loop line-
section to the station and each transformer to its corresponding 138-kV
bus. The disconnecting switches on each side of the 138-kV oil circuit
breaker 8Bll-1 are manually operated.

2. Main Power Transformers

The two main power transforrners are Westinghouse Electric
Corp.  Type SL, 12000/16000-kVA, OA/FA, 132-13.8-kV wye-delta, 3-phase,
60-cycle, 55°C temperature-rise outdo.or-type power transformers.  The
impedance of each transformer is 9 percent at the 12000-kVA rating.  The
high-voltage windings have four 2* percent full-capacity taps, twp above
and two below normal rated voltage. Each transformer is equipped with
automatic load tap-changing equipment (Westinghouse Type URT) which
operates under load to provide a Voltage range of plus or minus 10 percent
of normal in thirty-two 5/8 percent steps. The transformers may be
paralleled together on both the high- and low-voltage sides without causing
hunting  of the automatic tap- changing equipment.

The insulation of the high-voltage windings is 115-kV class
with a full-wave impulse level of 550 kV, and that of the low-voltage wind-
ings is 15-kV class with 110-kV full-wave impulse level.
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The secondary of each transformer is connected to its re-
spective 13.8-kV air circuit breaker in the Power Plant Building by two
600-MCM, single-conductor copper cables per phase installed in under-
ground ducts. The cables are shielded, rubber-insulated cables with a
15-kV, ungrounded neutral-system voltage rating.

A 10-kVA, 13,800 Y/7970-V-240/120-V, 3-phase, 60-cycle
auxiliary transformer, for operation and control of the load tap-changer
mechanism and cooling fans, is mounted on top of the core and coil as-
sembly in the oil compartment of each main transformer.

3.   Oil Circuit Breaker and Motor-operated Disconnecting Switches

\                       The 1.38-kV loop-sectionalizing breaker is a Westinghouse
Type GM-5B, 138-kV,. 1200-A, 3-pole, outdoor-type oil circuit breaker of
the tank type, mechanically and electrically trip-free, complete with a
Type AA- 10 pneumatic (compressed air) operating mechanism, porcelain
bushings, and current transformers.

The voltage and current ratings of the oil circuit breaker are
given in Table 1.

TABLE 1. 138-kV Oil Circuit-breaker Rating

Rated voltage...... 138 kV

Continuous current (60 cps) . . . . . . . . . . . . . . . . . . . . .  1,200 A

Interrupting rating, 3-p h a s e. . . . . . . . . . . . . . . . . . . . . .   5,000 mVA

Short-time current rating
Momentary. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36,000 A
Four-second.. . . . . . . . . . 24,000 A

Interrupting rating
Amperes at rated v o l t a g e. . . . . . . . . . . . . . . . . . . . 21,000 A
Current l i m i t a t i o n. . . . . . . . . . . . . . . . . . . . . . . . . 24,000 A
Time in cycles (60-cps basis) . . . . . . . . . . . . . . . . .3 cycles

Insulation level
Withstand test, 60 cps 310 kV
Impulse c r e s t. . . . . . . . . . . . . . . . . . . . . . . . . .1.      650 kV
Maximum design kV. . . . .    145 kV
Maximum kV for rated interrupting mVA. . . . . . . . . .     120 kV

The motor-operated horn-gap disconnecting switches are
Westinghouse Type V, 161-kV, 600-A, 3-pole, single-throw, group-
operated, outdoor-type disconnecting switches.
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4. Control, Alarm, and Operating Features

\
The 138-kV oil circuit breaker and the 138-kV line and trans-

former horn-gap disconnecting'switches are normally controlled by super-
visory from Scoville Substation but may be controlled from the stlbstation
control house. The transformer 13.8-kV secondary breakers are normally
controlled from the EBR-II Power Plant but may be tripped from the sub-
station control house or by supervisoryfrom Scoville Substation. Control
switches and indicating lights for local control and indication are provided
in the substation control house, together with a control-se-lector switch.
The selector switch permits selection of either local or remote supervisory
control. An indication of the position of the selector sWitch is provided at
Scoville Substation by the supervisory equipment. All remote position in-
dications, as well as control functions in the Power Plant, remain effective
in both positions of the control-selector switch.

The following circuit breakers and disconnecting switches are
controlled either locally or remotely, subject to the position of the control-
selector switch:

a)   8811-1 Oil Circuit Breaker
b) 8Hll-1 Transformer 8Tll-1 Horn-gap Switch
c) 8Hll-2 Transformer 8Tll-2 Horn-gap Switch
d) 8Hll-3 SPERT Line Horn-gap Switch
e)   8Hll-4 ANP Line Horn-gap Switch
f) 5Bll-1 Transformer 8Tll-1, 13.8-kV Circuit Breaker*
g) 5Bll-2 Transformer 8Tll-1, 13.8-kV Circuit Breaker*
h) 5Bll-12 Switchgear 13.8-kV Bus-sectionalizing Breaker.**

Nominal control voltage for the disconnecting switches, circuit
breaker, and the supervisory control system is 125 V d.c. supplied by a
60-cell station battery. The battery operates on a continual floating charge
provided by a Rectomatic battery charger. Devices are provided with the
supervisory'equipment to detect battery-charger failure, sustained ab-
normally low battery voltage, or a ground on the battery bus; an alarm
indication is transmitted to Scoville Substation if any of these conditions
occur.

Control voltage for the 13.8-kV switchgear in' the EBR-II Power
Plant is provided by a separate battery. Interposing relays and control
circuits prevent any interconnection between the two batteries.

*Supervision and trip-'control only.
**Supervision only.
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The supervisory equipment includes provisions for transmitting
the following listed alarms:

a) Pilot-wire Alarm, which indicates an open- or short-
circuited HCB relay pilot wire between EBR-II and ANP
Substations.

b) Control-voltage Failure Alarm, which indicates failure
of 125-V d. c. control voltage for tripping either of the
main transformer secondary breakers.

c) General Station Alarm, which indicates any of the following
listed abnormalities:

1)   Transformer No. 1 (8Tll-1) or Transformer No. 2
(8Tll-2)

Oil Temperature High

Oil Level Low
'

Main Tank

Oil Level Low Tap-changer Selector-switch
Compartment

Oil Level Low Tap-changer Transfer-switch
Compartment

Gas=Pressure High Main Tank

Gas Pressure Low Main Tank

Gas Pressure Low Storage Cylinder

2)   Oil Circuit Breaker (8Bll-1)

Air Pressure Low
.\

Compress or Power Failure

3)   Control Room Temperature Low

The power transformers are connected to the 138-kV bus through
horn-gap disconnecting switches. In order to operate one of these switches
safely, the load circuit must be first interrupted by opening the transformer
seconda'ry circuit breaker.

The line horn-gap disconnecting switches are provided to isolate
a line section while maintaining service to both transformers from the op-
posite line. In order to safely operate a line horn-gap switch, the load
circuit must first be interrupted by removing the associated transformer
from service and opening the oil circuit breaker.
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To avoid making or breaking load current with any horn-gap
switch, each switch is electrically interlocked with other switches and
circuit breakers to prevent operation, by either local or supervisory
control, under conditions that would cause such an occurrence. All switch-

ing procedures must follow a definite sequence as permitted by the pre-
ventive interlocks.

Control and interlock circuits are provided to prevent re-
energizing a line section, after a transformer differential-relay operation,
until the faulty transformer has been disconnected from the line, and to
prevent any attempt to return the transformer to service until the hand-
reset auxiliary trip and lockout relay has been reset to its. normal position.

The closing circuit for the 13.8-kV breaker of each transformer
is  interlocked with the transformer high-voltage horn- gap switch and with
contacts of a Type CV voltage relay, so that the breaker cannot be closed
unless the horn-gap switch is closed and the corresponding section of the
138-kV bus is energized.

5. Protective Relaying

The protective relaying scheme is shown in Fig. 21.  The fol-
lowing listed Westinghouse Electric Corp. relays are mounted on the
substation control house panels· and are provid-ed for each 138-kV line
section:

a)    One Type HCB pilot-wire relay (85) for. high-speed phase
and ground protection.

b)    Three Type HCZ directional-distance impedance relays
(21) for backup phase protection.

c)   One Type CWC directional current-product relay (67N)
for backup ground protection.

Three Westinghouse Type HU differential-current relays (87),
together with a hand-reset auxiliary trip and lockout relay, and other
auxiliary relays, are provided in the substation control house for dif-
ferential protection of each 12000/16000-kVA main power transformer.

Check-synchronizing equipment is provided for the 138-kV oil
circuit breaker; it consists of a Type CI synchronism-verifier relay (25),
a Type CV voltage -timing relay (25X), and two Type SV instantaneous-
undervoltage relays (27). The relays.are manufactured by the Westinghouse
EleEtric Corp. Check- synchronizing potential is provided by two bushing
potential devices, one on each side of the 138-kV oil circuit breaker.  When

r'"
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the oil circuit breaker opens, auxiliary-switch contacts establish circuits
which apply voltage from the potential devices to the synchronism-verifier
and undervoltage relays. If either potential source is de-energized, under.
voltage relay contacts complete the breaker closing circuit up to the primary
closing control device.  If both potential sources are energized, and both
voltages are approximately equal and in phase, the breaker closing circuit
will be established, after a time delay, by contacts of the CV voltage-
timing relay, which is energized through contacts of the synchronism-
verifier relay. In either case, the breaker will not close until the closing
circuit is completed by either the local control switch or the closing-
c,ontrol relay of the supervisory system.

When 138-kV oil circuit breakers 8Bll-1 at EBR-II Substation
and 8B5- 1 at ANP Substation (see Fig.  19) are tripped by HCB pilot-wire
relays (85), the breakers will automatically reclose within 20 cycles.  The
high-speed reclosing is accomplished through Westinghouse Type SX and
SGR-12 relays (79) installed at EBR-II and ANP Substations. Automatic
reclosing is similarly provided when 138-kV oil circuit breakers 8Bll-1
at EBR-II Substation and 8B 10- 1 at SPERT Substation are tripped by HCB
pilot-wire relays (85). Automatic high-speed reclosure does not occur
when tripping has resulted from operation of backup relays, transformer-
differential relays, or transferred tripping, or when a breaker has been
tripped by supervisory control or by local control switches.

Overcurrent phase relays (51), overcurrent ground relays
(50/513), and directional-overcurrent phase relays (67) are provided in
the EBR-II Power Plant on the switchgear sections of 13.8-kV circuit
breakers 5Bll-1 and 5Bll-2. The phase overcurrent relays (51) provide
overload protection for the main power transformers and backup protec-
tion for the relays on the 13.8-kV branch feeder breakers.  The over-
current ground relays (50/51N) operate only for ground faults in the delta
13.8-kV windings of the main trinsformers or in the cable between the
switchgear and the transformers and have been given a sensitive setting.

The directional-overcurrent phase relays (67) provide backup
for the transformer differential relays and prevent NRTS System load-
current flow through the power transformers and the secondary switchgear
bus in case the 138-kV oil circuit breaker is inadvertently opened.  The
directional elements are connected so as to close their contacts when
current flows from the 13.8-kV bus to the 138-kV system. Since load·
current normally flows toward the 138-kV system when the turbine-
generator is in operation, the current circuits to the overcurrent elements
of the phase relays are differentially connected.  Thus, with the load
balanced between the two transformers, the relays will not operate to close
their contacts even though the directional elements recognize current
flow in the tripping direction.  Any load unbalance or current reversal '
which results in a differential current in excess of the tap setting of the
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overcurrent elements, will cause tripping of the transformer 13.8-.kV
-breaker carrying the largest current in the tripping direction, that is, from
the 13.8-kV bus to the 138-kV system. In order to prevent tripping when
one transformer is out of seryice or when the switchgear bus is section-
alized, the relay trip circuits are interlocked through breaker auxiliary
switches so that the relays are in service only when the 13.8-kV bus-
sectionalizing and transformer breakers are all closed.

B. 13.8-kV System

1.  General

The 13.8-kV electric power system consists of two buses with
a normally closed bus tie breaker.  It is a grounded neutral system in
which the ground is established by means of resistors connected in the
neutrals of the 13.8-kV primary windings of two 2500-kVA power trans-
formers fed from the 13.8-kV switchgear bus (see Fig. 20).

The system includes an indoor-type metal-clad switchgear
assembly, a 25,600-kVA turbine-generator (see Section IV-C Turbine-
Generator) and interconnecting 15-kV power cables installed in rigid Steel
conduit and/or in underground ducts encased in concrete. A 13.8-kV,
3-phase wooden pole-line feeder which originates in a section of this
switchgear supplies power to the TREAT Facility approximately 4000 ft
northwest of EBR-II.

The 13.8-kV system is controlled mainly from control panels
in the Main Control Room on the operating floor level of the Power Plant
Building.                                             -

2. 13.8-kV Switchgear

The 13.8-kV switchgear assembly was manufactured by
Federal Pacific Electric Co. and is of the indoor metal-clad type, with
front removable air circuit breakers, and with control, protective relays,
instruments; and meters mounted on the front door panels of the switch-
gear sections. The switchgear is complete with bus differential protection,
all necessary current and potential transformers, and complete relay
protection for the incoming lines, generator, and branch feeders.

The switchgear assembly consists of fourteen sections,
namely, ten circuit-breaker sections and four potential-transformers
sections, as. follows:
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Section Description

1 TREAT (13.8-kV pole-line feeder)
2 Transformer No. 5--2000 kVA, 13.8-0.48 kV
3        Transformer No. 3--2500 kVA, 13.8-2.4 kV

' '            4         Bus Section No. 1--potential transformers
5        -Transformer No. 1--12000/16000 kVA, 132-13.8 kV
6 Generator potential transformers
7 25,600-kVA generator
8         Bus transition and potential transformers
9       Bus tie

10 · Transformer No. 2--12000/16000 kVA, 132-13.8 kV
11 Bus section No. 2 potential transformers
12.        Transformer No. 4--2500 kVA, 13.8-2.4 kV
13        Transformer No. 6--2000 kVA, 13.8-0.48 kV
14 Spare breaker.

The air circuit breakers are Federal Pacific Electric Co.
Type DST 15-500, horizontal drawout, rated 13.8 kV, 1200 A, 60 cycle,
3 pole, electrically operated. A summary of circuit breaker data is given
in  Table  2.

TABLE 2. 13.8-kV Air Circuit Breaker Data

Manufacturer Federal Pacific Electric Co.

Type DST 15-500

Rated voltage 13.8 kV

Maximum design voltage rating 15 kV .

Continuous 60-cps current '

1200 A

Interrupting ratings
3-phase 500,000 kVA
Current at 13.8 kV 21,000 A rms
.Current at 11:5 kV 25,000 A rms
Maximum interrupting time (60-cps basis) 8 cycles

Short-time ratings                                                                 _Momentary 40,000 A rms
4-sec 25,000 A rms

Control circuit -

Nominal voltage 125 V d.c.
Closing voltage range 90-130 V d. c.

Closing current (at 125 V d.c.) 100 A

Tripping voltage .range 70-140 V d.c.

Tripping current (at 125 V d.c.) 5A

Tripping time, from energizing trip coil
until circuit is interrupted 5 cycles

Closing time, from energizing closing
control relay until breaker contacts are
fully closed 10-15 cycles

Insulation level withstand test
Low frequency 36 kV
Impulse crest 95 kV-
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j
3. Neutral Grounding-Resistors

Typical of the main power transformers at other Facilities on
the NRTS 138-kV loop, the 13.8-kV secondaries of the two EBR-II 12000/
16000-kVA main power transformers are delta connected. The scheme
adopted for establishing a 13.8-kV grounded neutral power system for
EBR-II utilizes the neutral points  of the wye- connected primary windings
of 2500-kVA, 13.8-2.4-kV, 3-phase transformers Nos. 3 and 4.  The
neutral point of each of these transformers is connected to ground through
a 6.66-ohm resistor. The resistors are General Electric Company
IC9147-S2 neutral grounding resistors, outdoor type, cast grid, rated
8.4 kV line-to-neutral, 1200 A for 10 sec with a 500'C rise at ati elevation
of 5120 ft.

Prior to selecting the above method for providing a grounded
neutral for the 13.8-kV system, the following methods were investigated:

(a) using wye-wye main power transformers with a delta
tertiary winding;

(b) using wye-wye 13.8-2.4-kV transformers with a delta
tertiary winding;

(c) using separate neutral grounding transformers on the
      13.8-kV bus;

(d) using wye-delta 13.8-2.4-kV transformers and grounding
the neutrals of these transformers through grounding
resistors.

Item (d) proved to be the most practical, showing a cost savings
of approximately $16,000.00.

4. 15-kV Power Cable

The power cables- used in the 13.8-kV system have a 15-kV
ungrounded neutral rating, which provides a substantial margin of safety
against the occurrence of breakdown of cable insulation. The cables are
round, single-conductor, class "C" stranding, softannealed copper cables,
shielded, with ozone-resistant butyl rubber compound insulation, corona-,
ozone-, moisture-, and heat resistant, and with an outer covering of oil-
resistant, thermoplastic polyvinylchloride suitable for a maximum tem-
perature of 80'C, in accordance with Insulated Power Cable Engineers
Association (IPCEA) general specifications S-19-81.

\
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5. Control Panels

Controls for the ten 13.8-kV circuit breakers are provided on
electrical panels E-5, E-6, and E-7 (see Fig. 22) in the Main Control Room.
The switchgear may be seen from the control room. In addition to the main
controls located on these panels, there are permissive trip switches on the
switchgear cubicle doors for the individual circuit breakers. These switches
are not for normal control functions, but will pdrmit tripping of the circuit
breaker in their respective cubicles. The closing function of any breaker
from the control room can only be initiated if the respective permissive
switch is in the "ON" position, but tripping may be accomplished from
either location at any time.                                C

Breaker position-indicating lights are located above .each of
the breaker control switches in the main control room with duplicate in-
dication provided above the individual breaker permissive control switches
at the switchgear.

Metering, instrumentation, and annunciation equipment for the
individual 13.8-kV feeders are mounted on electrical panels E-5 and E-7.
Instrumentation, metering, controls, and automatic synchromizing equip-
ment for the generator are mounted on panel E-6. Electrical panel E-3
(see Fig. 23) contains the metering, instrumentation, and annunciation
equipment for the two 13.8-kV incoming lines (ties to the 138-kV system);
a 13.8-kV bus recording voltmeter is on panel E-4 (see Fig. 24).  An in-
dicating ammeter and ammeter-transfer switch, in addition to.those on the
main control room electrical panels, are provided on the door of each
13.8-kV switch'gear cubicle housing a circuit breaker.except the bus-tie
cubicle. Also, indicating voltmcters and voltmeter transfer switches are
provided on the switchgear for each bus section and incoming 13.8-kV.line.

6. Protective Relaying

The design of the protective relaying scheme attempts to
achieve a high degree of selective tripping in which a faulted part of the
system is automatically disconnected rapidly and with a minimum of dis-
turbance to the remainder of the power system.

The application of relays included consideration of 1) protective
zones, 2) reliability, 3) backup p.rotection, 4) relay selection and coordiria-
tion for minimum tripping times, 5) economics, and 6) simplicity of
circuitry. Overlapping of the protective relaying zones involved the se-
lection of appropriate locations of current tratisformers and potential
transformers in the power circuits.

The protective relays employed in the 13.8-kV. system are
mainly of the flush or semiflush, drawout type.
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A list of the principal protective relays used in the system is
given in Table 3. The table includes the type, application, location, and
function of the relays, with references to single-line and elementary
diagrams.  All the relays are ·of General Electric Co. (Relays for the
25,600-kVA generator are listed separately in Section,IV-C of this report.)

TABLE 3. Protective Relays for the 13.8-kV System

Location Device See
Feeder (Switchgear unit) No. Quantity Relay Type Function                  Fig.

13.8-kV Unit No. 9 87(811          3 Bus differential, Type Trip 13.8-kV bus tie (unit No. 9), 25
bus section 12PVDlIClA TREAT (unit No. 11, Trans-            26

No. 1                                                                                                                 former No. 3 (unit No. 31,               27
13.8-kV line No. 1 (unit No. 5),         28
13.8-kV generator (unit No. 71

13.8-kV Unit No. 9 87(82)          3 Bus differential, Type Trip 13.8-kV bus tie (unit No-0,       25
bus section 12PVD11ClA 13.8-kV line No. 2 (unit No. 101,       26
No. 2 Transformer No. 4 (unit No. 12), 21 -

Transformer No. 6 (unit No. 13)         28
13.8-kV Unit No. 10 51(T2)            3           Inversb time overcurrent, Trip 13.8-kV line No. 2 (unit           21
line No. 2 Type 121AC51813A No. 10)                            26

50/51N          1          Instantaneous and inverse Trip 13.8-kV line No. 2 (unit          21
time overcurrent, Type No. 10)                           26
12IAC51818A

67             3 Directional phase inverse Trip 13.8-kV line No. 2 (unit           21
time overcurrent, Type No. 10) , 26

1218(51EIA

80 1 D. C. undervoltage, Type Supervisory system alarm              26
13PJV11AK2A

Transformer Unit No..12 50/51                 3                I nstantaneous and very Trip transformer No. 4,                   25
No. 4 inverse time overcurrent, 13.8-kV feeder breaker                    27

Type 12 IAC53827A

51N              1 Inverse timeground over- Trip transformer No. 4,                   25
current, Type 121AC5182A 13.8-kV feeder breaker                    27

67N              1 D.irectional ground over- Trip transformer No. 4,                   25
current, similar to Type 13.8-kV feeder                            27
1218 CG51E

87(Td) 3 Percentage differential, Trip transformer No. 4,                   25
Type 12BDD1581A 13.8-kV and 2400-V breakers            27

50/516           1            Instantaneous and inverse Trip 13.8-kV bus tie, 13.8-kV            25
time ground overcurrent line No. 2, transformer No. 4,           27
Type 121 AC51T16A 13.8-kV feeder, transformer             44

No. 6, 13.8-kV feeder, and
spare feeder

Transformer Unit No. 13 50/51 3 Instantaneous and veryin- Trip transformer No. 6,                   25
No. 6 verse time phase over- 13.8-kV feeder                              28

current, Type 12IAC53827A

50/51N         1          Instantaneous and inverse Trip transformer No. 6,                   25
time ground overcurrent, 13.8-kV feeder                              28
Type 121AC5182A

87(T61      - 3 Percentage differential, Trip transformer No. 6,                 25·
Type 12BDD15B1A 13.8-kV and 480-V breakers              28

TREAT Un it  No. 1 50/51 3 Instantaneous and inverse Trip 13.8-kV TREAT feeder 25 -
time phase·overcurrent, breaker

type 12!AC51813A

50/51N           1           Instantaneous and inverse Trip 13.8-kV TREAT feeder                25
time ground overcurrent, breaker                                                      -

f Type 12 IAC51B2A
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TABLE 3 (Contd.1

Location Device                                                                                         See

Feeder (Switchgear unitl NO. Quantity . Relay Type Function                    Fig.

Transformer Unit No. 2 50/51                 3                Instantaneous :nd very Trip 13.8-kV transformer                   25
No. 5                                                    ·                               inverse time phase over- No. 5 feeder breaker                     28

current, Type 121AC53827A

50/51N           1            Instantaneous and inverse Trip 13.8-kV transformer                 25
time ground overcurrent, No. 5 feeder breaker                       28
Type 12 IAC51B2A

87(T51 3 Percentage differential, Trip transformer No. 5,                   25
Type 128DD1581A 13.8-kV and 480-V breaker               28

- Transformer Unit No. 3 50/51 3 Instantaneous and very in-       Trip 13.8-kV transformer                   25

No. 3 verse time phase over- No. 3 feeder breaker                          27
current, Type 121AC53827A

51N             1 Inversetimegroundover- Trip 13.8-kV transformer                   25
current, Type 121 AC5182A No. 3 feeder breaker 21 -

87(T31 - 3 Percentage differential, . Trip transformer No. 3,                   25

Type 12BDD15B1A 13.8-kV and 2400-V breakers            27
67N              1 Directional ground over- Trip transformer No. 3,                   25

current, similar to 13.8-kV breaker                             27
Type 1218(651E

50/51N           1            Instantaneous and inverse Trip 13.8-kV bus tie breaker             25
timeground overcurrent, (unit No. 9), TREAT (unit No. 11,       27
Type 121 AC51T16A transformer No. 5 (unit No. 21,

transformer No. 3 (unit No. 31,
13.8-kV line No. 1 (unit No. 51,
13.8-kV generator (unit·No. 7h,
annunciation

13.8-kV line Unit No. 5 5191)                3                Inverse time overcurrent, Trip 13.8-kV-line No. 1 (unit           21
No. 1 Type 121 AC51813A No. 51                                26

50/51N          1           Instantaneous and inverse Trip 13.8-kV line No. 1 (unit           21
time overcurrent, No. 51                             26

-                                                                                                       Type 121AC51818A
67             1 Directional phase inverse Trip 13.8-kV line No. 1 (unit 21  .

time overcurrent, No. 5)                                26
                                                                                             Type 1218(51ElA

80           1 D.C. undervoltage, Supervisory system alarm              26
-                                                                 -                                        Type 12PJV11AK2A

Bus transition Unit No. 8 81(-21           1 Underfrequency, Spare--for tripping 13.8-kV            26
and potential Type 12CFF12A13A (unit No. 141, breaker or other         40
transformer ' circuits

81(-31           1 Underfrequency, Trip 13.8-kV line No. 1 (unit           26
Type 12(FF12ABA,                      No. 51, trip 13.8-kV line No. 2              40

lunit No. 101

The 13.8-kV incoming-line circuit breakers are provided with
induction overcurrent relays (51) which provide overcurrent protection for
the main power transformers and backup protection for the relays on the
13.8-kV branch-feeder circuit breakers. The instantaneous trip attach-
ments (50) furnished with these relays have been disconnected to provide
coordination witli the branch feeders. Overcurrent ground relays with
instantaneous trip attachments (50/51N) are provided for sensitive protec-
tion against ground faults in the delta windings of the main transformers
or in the cable between the switchgear and the transformers.

As described in preceding Section IV-A, directional-
overcurrent phase relays (67) are provided to prevent the flow of NRTS-
system load current through the power transformers and the 13.8-kV bus
in the event oil circuit breaker 8Bll-1 is inadvertently opened
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Two sets of bus differential relays (87B) are provided for pro-
tection of the two switchgear bus sections connected together by bus tie
breaker 5Bll-12.. For a three-phase, single-phase, or ground-fault
internal to a bus section, the appropriate set of relays will operate to trip
the tie breaker and all the breakers on the faulted bus section. Additional
relays and circuitry are incorporated to trip all the breakers on a bus
section in the event a circuit breaker on a 13.8-kV feeder fails to trip
under a condition of a ground fault; for example, should an overcurrent
ground relay fail to trip its breaker under a ground fault, after a time delay
(of 1.7 sec) another initiating circuit will trip all the circuit breakers on
the faulted 13.8-kV section, leaving the other bus section in service.  This
is made selective by having the bus tie breaker trip first, so that only the
appropriate bus-lockout relay will then operate to trip the other breakers
on the faulted bus section.

Each of the branch feeder circuits is protected by three
induction-phase overcurrent relays with instantaneous trip attachments
(50/51) and by a ground relay (50/51N).

The feeders for 2500-kVA transformers Nos. 3 and 4 are
provided with directional ground overcurrent relays (67N) to see only
faults on_the 13.8-kV feeders to the 2500-kVA transformers. These re-
lays also provide ground backup protection for the differential relays (87)
on transformers Nos. 3 and 4. Ground' overcurrent relays (51N) pro-
vided on these feeders coordinate with the slowest ground relay on the
13.8-kV system.

Percentage differential relays (87) with harmonic restraint
are used for sensitive, high-speed protection of 2500-kVA transformers
No-s. 3 and 4 and for 2000-kVA transformers Nos. 5 and 6.

Underfrequency relay (81-3) is used to trip incoming line
breakers 5Bll-1 and 5Bll-2 when the frequency·drops to 58 cps. Under-
frequency relay (81-3) is a spare which may be used to drop certain loads,
such as a future external load that might be served via spare 13.8-kV
circuit breaker in unit No. 14 when the generator frequency·drops to, say,
57 cps.

C. EBR-II Turbine-generator

1.  General

Three-phase electric power is produced at 13,800 V, 60 cycles,
by a General Electric Co. conventional 20,000-kW, 3,600-rpm steam turbine
generating unit (see Fig. 29).  It is located on the Power Plant operating
floor, west of the Main Control Room, together with the 13.8-kV metal-clad
switchgear assembly, tui-bine gauge board, and cooling-system-hydrogen
control cabinet for the generator (see Fig. 4).

...



49

The EBR-II turbine-generator is normally operated under initial

pressure-regulator control when connected in parallel with the NRTS
electric-power system. Under this control the output of the generator
will follow the output of the steam generator. An adjustable load-limit
device incorporated in the control of the turbine is set so that the turbine-
generator output cannot exceed the steam-generator capacity for a given
reactor power level. Control solenoids and interlocks are provided to
transfer control of the turbine-generator automatically from initial
pressure-regulator control to speed-governor control whenever the gen-
erator is disconnected from the NRTS system.

2. Turbine

The turbine.is a standard, commercially designed, horizontal-
shaft, regenerative machine of the impulse type having sixteen stages with
uncontrolled extraction openings at the first, sixth, eleventh, and thirteenth
stages. The sixth and thirteenth stage openings are blanked off for possible
future use whereas the other two are used for extracting steam for boiler-
feedwater heating and have nonreturn valves in their steam lines. Steam
extracted from the first and eleventh stage shells has a designed pressure
of 665 psia and 29.5 psia, respectively, and heats the boiler feedwater to
approximately 4850F. Further heating of the feedwater to 5500F before
it enters the boiler is accomplished by steam from the main steam header.

Table 4 lists the manufacturer' s guaranteed turbine throttle
inlet steam rates for the turbine loads and extraction rates as indicated

with 1250-psig and 8400F inlet steam, and with the condenser operating
at 1* in. Hg.

TABLE 4. Turbine Throttle Inlet Steam Rates

Extraction Rates, lb/kWh

26,000 lb/hr at 665 psia 30,000 lb/hr at 665 psia
Turbine and and       '

Load, kW Zero
-

17,000 lb/hr at 29.5 psia 23,000 lb/hr at 29.5 psia

20,000 8.04 9.66 9.98

15,000 8.02                *                           *

10,.000 8.30                *                            *

5,000 9.19               *                          *

*Values not available.

The full design capability of the steam generator (approximately
248,000 lb/hr), less that required for turbine operation, feedwater heating,
and the turbine-driven feedwater pump, is bypassed to the condenser.  The
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de.sign of the turbine bypass, the condenser, and related systems was based
on the premise that the turbine-generator may be shut down while operating
the reactor at full power. When bypassing steam to the condenser with
the turbine-generator shut down, the turbine rotor must be maintained on
turning gear since no valve or shutoff is provided betwden the turbine and
condenser.

3. Initial Pressure Regulator

An initial pressure-regulator control device is included on
the turbine to regulate the turbine steam input according to the available
steam supply, i. e., with this device in operation the load on the turbine-
generator follows output of the steam generator. Since the output of the
steam generator depends on the reactor power level, the electrical load
assumed by the synchronous generator becomes a function of the reactor
power level. This method of control can only be employed when the turbo-
generator is operating in parallel with the utility-company generators.
Because of this, electrically tripped mechanical devices have been provided
to take the initial pressure regulator out of service and to reset the speed-
governor control in the event'the connection between the EBR-II generator
and the NRTS system is broken.

The elementary diagram of Fig. 30 shows the interlocking and
control scheme for automatic transfer of turbine control from initial
pressure-regulator control to speed-governor control when the EBR-II
generator is disconnected from the NRTS system. The control switch and -
indicating lights of the control are mounted on the Turbine Gauge Panel
(see Fig. 31).

Opening of the generator breaker or any combination of 13.8-kV
circuit breakers as listed below will result in separation of the generator
from the NRTS system and will cause the operation of transfer devices
SRD and SST:

1. generator breake.r 5Bll-10;

2. circuit breakers 5Bll-1 and 5Bll-2;

3. circuit breaker 5Bll-1 and bus-tie breaker 5Bll-12.

The following is a description of the operation of the control
scheme as shown in Fig. 30:

(a)  The initial condition assumes that circuit breakers 5Bll-1,
5Bll-2, and 5Bll-12 are closed and generator breaker 5Bll-10 isopen.            . '

(b)  Relay TRl is energized by the auxiliary contact 52b on
breaker 5Bll-10, and the white "Trip" light is.on.
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(c) Control switch CS is turned to its "Reset" position.  This
caus·es relays TR2 and TR2X to be energized ind to be sealed in.  A
TR2X contact opens the speed reset and control-transfer solenoid (SST
and SRD) circuits, and a TR2 contact causes the green "Reset" light to
go on.

(d)  Solenoids SST and SRD are then manually latched.  The
turbine-generator is then synchronized, paralleled with the system (by             k
the closing of breaker 5Bll-10), and loaded under control of the speed
governor.  With the closing of breaker 5Bll-10, relay TRl is de-
energized. This causes relays TR2 and TR2X to be de-energized, thus
placing the automatic tripping circuit for solenoids SST and SRD under
the control of the auxiliary contacts of the circuit breakers.  The de-
energizing of relay TRl also causes the white "Trip" light to go off.

(6) Initial pressure-regulator control of the turbine-generator
is placed in service by raising the setting of the load-limit device and the
setting of the speed changer above the control setting of the initial pres-
sure regulator. The power output of the turbine-generator will then fol-
low and match the output of the steam generator.

(f)  If the generator becomes separated from the NRTS
system due to the opening of 13.8-kV circuit breakers as'listed above,
the speed-reset solenoid, control-transfer solenoid, and TRl relay will
be.energized by the breaker auxiliary switch " b" contacts. Energizing
the solenoids rapidly transfers control of the turbine-generator to speed-
governor contr61. The energizing of relay TRl causes the white "Trip"
light to go on and the red "Normal" light to go off.

(g)  When the turbine-generator is again paralleled with the
NRTS system, the white "Trip" light and the green "Reset".light will go
off,  and the  red " Normal" light will  go  on.

4.  , Speed Governor, Load-limit Mechanism, and Load- linhit
Indicator

The turbine speed governor is an automatic, oil relay type,
with a speed regulation of 5%. Turbine speed is controlled by variation
of the flow of steam through the turbine control valves. An emergency
governor is available which operates on overspeed to trip the turbine main
steam stop valve at  110% of rated speed. The speed governor is  suf-
ficiently sensitive so that in the case of an instantaneous load change from
full to zero load, the turbine speed will not reach the overspeed tripping
point. A remotely controlled motor-operated device (commonly referred
to as the synchronizing device or speed changer) is provided on the
governor mechanism for synchronizing and for load adjustment when the
turbine is operated in parallel with another source of power.
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Other means provided for tripping the turbine main stop valve
are a manual trip lever, an exhaust low-vacuum trip device, and an elec-
trically operated trip solenoid.

Testing of the turbine main steam stop valve can be done by
a hydraulic trip test device which functions through operation of the
emergency governor to trip the main steam valve, or by a small test
valve for testing the freedom of the stop valve. Controls for both of
these methods are located on the turbine control casing.

The load-limit mechanism can be operated by either a start-
ing handwheel or by a motor .drive controlled from the control room
console or Panel E-6. The starting handwheel is employed during turbine
startup to open the steam-inlet valves to bring the unit up to approximately
synchronous speed.  At this time, the turbine control is transferred to
the motor-operated synchronizing device (speed changer).  With the syn-
chronizing device controlling the turbine, the starting handwheel or motor
attachment is used to preset the load-limit mechanism at the maximum
load for which the turbine is to operate.

The starting handwheel, a tachometer, and a load-limit in-
dicator are located on the front end of the turbine. Selsyn indicators are
remotely mounted near the load-limit motor controls for indication of
load-limit setting. A turbine speed indicator is mounted on the Graphic
Panel in the Main Control Room.

5. Othef Turbine Auxiliaries

In addition to the previously mentioned equipment, the fol-
lowing turbine auxiliary equipment is included in the design.

a.   An atmosphere-relief diaphragm is mounted on the
upper half of the turbine exhaust casing to protect the exhaust hood and
condenser from excessive steam pressure. In normal operation of the
turbine, this diaphragm is dished inward against a supporting grid due to
the partial vacuum on the inside and atmospheric pressure on the outside.
A loss of condenser vacuum for any reason and an increase of the internal,
exhaust hood pressure to approximately 5 psig will rupture the diaphragm
and allow the steam to pass into the atmosphere.

b.   A self-contained turning gear, complete with motor,
controls, interlocks, etc., is provided for rotating the turbine-generator
shaft at 3 to 5 rpm to prevent its bowing. A control panel mounted ad-
jacent to the turning gear between the turbine and generator contains the
motor controls and indicating lamps. The turning gear-clutch control is
located on this panel.
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c.   A steam sealing system around the turbine shaft is pro-
vided to prevent the inleakage of air or outward leakage of steam; an
automatic regulator maintains steam pressure on the seals.

d.   A complete lubricating system for the entire turbine-
generator unit is provided; included are pumps, tanks, pressure regulators,
oil coolers, valves, gauges, strainers, etc. ·There are three oil pumps
supplied with this system, namely, a main lubricating-oil pump driven
from the turbine shaft, a steam-driven auxiliary oil pump, and a motor-
driven turning gear oil pump.

e.   A turbine gauge panel (see Fig. 31) contains the pressure
and temperature gauges for the turbine-generator unit and controls and
indicating lights.

6. Generator

The EBR-II Generator (serial No. 8287203) is a Type ATB-2
nonsalient two-pole, three-phase, 60-cycle, 3600-rpm, hydrogen-cooled,
synchronous generator rated 25,600 kVA (21,760 kW), 13,800 V, and
0.85 power factor.

Table 5 lists the guaranteed and expected performance re-
quirements of the generator and exciter.

TABLE 5. EBR-II Generator and Exciter Data

\ (All data represent expected values except where indicated otherwise)

A. Guaranteed Capability Rating of Generator

21,760 kW 13,·800 V

25,600 kVA 3-phase
0.85 Power Factor 60 cycles

B. Generator Design Capability*

Hydrogen
Pressure, Max Max kVA Rated · - Rated

psig kVA with One Cooler Out Armature, A Field, A

0.5 20,480 16,384 857 268
15.0 23,529 18,823 984 291
30.0 25,600 20,480 1071 309
Air 12,288            -                  514          -
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TABLE 5 (Contd.)

C. Generator Losses (At rated voltage and power factor), kW

1.   50% Rated L o a d. . . . . . . . . . . . . . . . . . . . . 195
2.   75% Rated L o a d. . . . . . . . . . . . . . . . . . . . .2 5 8
3.  100% Rated Load . . . . . . . . . . . . . . . . . . . . . 339
(Losses do not include bearing, hydrogen seal, and excitation losses.)

D. Total Temperatures (At rated kVA, power factor, voltage, and
hydrogen pressure), 'C

1. Generator A r m a t u r e. . . . . . . . . . . . . . . . . . .   912. Oenerator Collector R i n g s. . . . . . . . . . . . . . . . 125
3. Exciter C o m m u t a t o r. . . . . . . . . . . . . . . . . . .9 5
4. Generator F i e l d. . . . . . . . . . . . . . . . . . . . . .  125
5. Exciter W i n d i n g s. . . . . . . . . . . . . . . . . . . . .   80

3E. Expected Operating*#Temperatures, 'C*

Temperature
Hydrogen of Coil Gas
Pressure, Max Resistance Gas to Cooler Tempera'ture

psig kVA Detectors Temperature from Cooler

0.5 20,480 73             55             40
15.0 23,529        69              51              42
30.0 25,600        68            ' 50 43

F.  Generator Data

1. Short-circuit R a t i o. . . . . . . . . . . . . . . . . . . . . 0.64 (Guarinteed)
2. Synchronous Impedance (On generator-

rated kVA base). . . . . . . . . . . . . . . . . . . . . . .  169%
3. Voltage Regulation at Unit Power

F a c t o r. . . . . . . . . . . . . . . . . . . . . . . . . . . . .   26%
4. Voltage Regulation at 0.85 Power.

F a c t o r. . . . . . . . . , . . . . . . . . . . ...  34%
5.  Excitation at Rated Load at 0.85 Power

Factor at 95% Rated Voltage
a.  Field,. A. . . . . . . . . 306

b.  Collector Ring, V. . . . . . . . . . . . . . . . . . 234.5 V @1250C
6.  Excitation at Rated Load at 0.85 Power

Factor dt 100% Rated Voltage
a. Field, A. . . . . . . . . . . . . . . . . . . . . . . . . . 309
b.  Collector Ring, V. . . . . . . . . . . . . . . . . . 236.5 V @1250C

7.  Excitation at Rated Load at 0.85 Power
Factor at 105% Rated Voltage
a.  Field, A. . . . . . . . . . . . . . . . . . . . . . . . . 316.5
b-.  Collector R i n g:V. . . . . . . . . . . . . . . . . .2 4 2.5 V @125'C
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TABLE 5 (Contd.)

G.  Excitation Data (Guaranteed)

1. Exciter Capacity . . . . . . . . . . . . . .8 5 k W @5100 ft
2. Rated Voltage . . . . . . . . . . . . . . . . 250 V
3. Rated Current. . . . . . . ... . . . . . . . 34OA@5100 ft
4.  Speed of Response of Excitation System

is not less than . . . . . . . . . . . . . . . 0.5 per Unit

H. Generator Reactance Values (On
generator-rated kVA base)

1. Direct-axis Synchronous (At rated
current .. .... .. ..-.. .·    169%

2.  Transient (At rated current) . . . . . .  40%
3.  Subtransient (At rated voltage).....   16%
4. Negative Sequence (At ratdd voltage) .   16%
5. Zero Sequence (At rated current) . . .    6%

I. Resistances

1.  Field @25'C . . . . . . . . . . . . . . . . . 0.550 ohms (test)
2. Armature, Average, One Phase,

Line to Neutral at 250C . . . . . . . . . 0.0166 ohms (test)
3. Positive Sequence (On generator-

rated kVA base). . . . . . . . . . . . . . . 0.60% @100'C
4. Negative Sequence (On generator-

rated kVA b a s e) . . . . . . . . . . . . . . . 2.9% @1000C
2              5. Armature Insulation (All phases to

ground) .... 3600 megohms (test) @240C
6. Field insulation............... 540 megohms (test) @24.50C

J. Time Constants, sec

1. Transient Short Circuit (3-phase). . .. 1.65     '
2.  Transient Open Circuit. . . . . . . . . . 7.13
3. Subtransient Short Circuit........ 0.038
4. Direct Current (3-phase and L-L). . . 0.160

K. Telephone Interference Factors . . . . . . 1935 weighting
1. Line to Line--50 (Guaranteed) . . . . .1 5 (expected)
2.  Line to Neutral . ' . . . . . . . . 20 (expected)
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TABLE 5 (Contd.)

L.  Weights, 1b

1. Complete Unit. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 302,500
2. Turbine Rotor....... . . 12,000
3. Generator Rotor . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21,300
4. Generator S t a t o r. . . . . . . . . . . . . . . . . . . . . 125,000
5. Heaviest·Piece »

During Erection. . . . . . . . . . . . 151,960
After Erection. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39,400

*Hydrogen pressures must be increased. 2.5 psig to correct for operation
at 5100-ft altitude.   1

The wye-connected stator winding has all six leads brought out
through hydrogen-tight bushings to terminals located at the bottom of the
stator frame. The neutral terminals are metal-enclosed and are con-
nected together to form the generator neutral. The n.eutral point of the
generator winding is ungrounded. Grounding .of the 13.8-kV system is
established by a 6.66-ohm grounding resistor in the primary winding,
neutral of each of the two 2500-kVA, 13.8-2.4-kV power transformers
serving the 2400-V power system.

Protection of the generator is provided by three G. E.. Co.
Model No. 9LA 1H053 15-kV ungrounded-neutral, Thyrite Magne-valve
lightning arresters and three G. E. Co. Cat. No. 18F451, 15-kV,
0.25-microfarad capacitors connected to the generator line terminals.

The generator output is fed into the 13.8-kV switchgear bus
with three 600-MCM cables per phase and a 1200-A, 500-mVA inter-
rupting capacity air circuit breaker. Solderless pressure-type cable
connectors are used to connect the cables.

A total of four 1200/5-A bushing current transformers are
mounted on the neutral bushings.  One set of three current transformers
is mounted on the neutral bushings for differential relaying with the re-
maining ttansformer mounted on the B-phase neutral bushing terminal
for use with the automatic voltage regulator.

Twelve resistance-type temperature detectors are imbedded
in the generator stator windings at points of probable highest temperatures.
In addition, eight resistance-type detectors sense the temperatures of the
gas entering and leaving the four hydrogen cbolers; also, there is one
detector in the exciter air intake and one in the exhaust. The temperature-
detector lead wires are connected to terrninal boards on the machine.  One
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of the temperature detectors on each of the stator phase windings and the
detectors on the exciter air intake and exhaust are connected to a tem-
perature indicator through a selector switch which are located on
Panel E-4 in the Main Control Room. Several of the other detectors
are fed into a data-logger in the Main Control Room.

7. Excitation System

The excitation system consists of a main exciter directly
connected'to the main generator, an electrically operated generator-field
circuit breaker, a generator-field discharge resistor, a main-exciter
motor-operated field rheostat, a rotating-amplifier motor-generator set,
and complete voltage- regulating and -control equipment of the static-
magnetic type, including reactive-ampere lower-limit control, a motor-

operated voltage-adjusting rheostat, and paralleling equipment.

The main exciter is a General Electric Co. Type EDF-4,
sheet metal-enclosed, 3600-rpm, shunt-wound exciter rated at 85 kW,
250 V d. c. for operation at an altitude of 5100 ft. The housing is provided
with access doors and observation windows, as well as illumination
lighting. Intake of filtered cooling air is from beneath the operating
floor; the air is circulated through the exciter and exhausted below the
floor.  The hot exhaust air is prevented from re-entering the exciter by
means of a baffle plate installed at the air outlet under the floor.

The excitation and control circuits are shown in Fig. 32.  The
generator-excitation cubicles are shown in Fig. 33.

The armature leads of the main exciter are connected to the
generator field through a General Electric Co. Type AKF-IC-6, 1600-A
frame, 500-V d. c., 2-pole single-throw, electrically operated air circuit
breaker.  When the circuit breaker is tripped, one of its contacts closes
and connects the field-discharge resistor acros's the generator field,
thus limiting the voltage produced by collapse of the magnetic field to
a safe value.

Control of field excitation for regulation of the terminal

voltage of the synchronous generator may be either manual or automatic.
A motor-operated rheostat connected in series with the shunt field of the
main exciter is used for manual control from Panel E-6 in the Main
Control Roqm (see Fig. 22).

Automatic regulation of the terminal voltage of the synchronous
generator is accomplished with a' General Electric Co. CR7931-NA101
voltage-regulator equipment and an amplidyne generator. The amplidyne
output is connected in series with the field of the main exciter and the
motor-operated field rheostat. Depending upon whether the voltage signal

--\
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I

from the potential transformers on the output of the terminals of the
synchronous generator is low or high, the amplidyne generator output
will boost or buck the voltage applied to the shunt field of main exciter.

'The excitation system is.arranged so that loss or failure of
the amplidyne rotating amplifier will automatically adjust the excitation
to the setting of the motor-operated field rheostat and will not cause loss
of excitation. The EBR-II operating procedure is to place the auto-
matic voltage-re·gulator equipment in service after the desired kilowatt
and reactive kVA loAds have been established. This provides a setting
of the motor-operated field rheostat which requires zero "butk" or
"boost" voltage from the amplidyne generator and hence will prevent
a sudden change in excitation should the amplidyne unit fail.

8. Hydrogen Cooling System

The following discussion of the advantages of hydrogen cooling
is taken from General Electric Co. Instructions GEI-46139-D, dated
January 1956.

"Hydrogen is used in place of air as the cooling agent
principally because of its low density and its superior
cooling properties. Since its density is approximately one-
fourteenth the density of air at a given temperature and
pressure, the use of hydrogen rdduces the windage friction
losses of a rotating machine to a small fraction of the losses
encountered when running in air.  For a high speed machine
such as a turbine generator, this results in an incr.ease in
full load efficiency of between one-half and one percent.
Hydrogen has a thermal conductivity of nearly seven times
that of air, and its ability to transfer heat through forced
convection is about fifty percent better than that of air.
This permits a reduction of nearly twenty percent in the
amount of active material required in the construction of
a generator of given output, and for a given temperature
rise of the windings.

"The life of the generator is increased by operating in .hydro-
gen.   This is due to the fact that the enclosed construction
keeps out dirt and moisture from the windings and ventila-
tion passages.  Also, with hydrogen, there is practically no
deterioration of the armature insulation because of corona.

" "Since additional kva output may be obtained by increasing the
hydrogen pressure, the presently built hydrogen-cooled
generators have a maximum hydrogen pressure rating of
30 PSIG. At increased pressures the hydrogen becomes more

il*
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dense, and this improves its capacity to absorb and remove
heat.  As a result, additional load may be carried with'no
increase in the temperatute rise of the windings.  Also, in-
creasing the hydrogen pressure permits operation at normal
load with the temperature of the water supplied to the gas
cooler in excess of normal. In general, an increase in kva
output of about one percent may be obtained for every one
pound increase in hydrogen pressure up to 15 psig, while for
pressure between 15 and 30 psig, an increase in output of             -
about one-half percent per pound increase in pressure may
be obtained. For operation at rated output with temperatures
of the cooling water in excess of normal, it is permissible
to increase the inlet water temperature by approximately
loF for each one pound increase in hydrogen pressure up to
15 psig. For,hydrofen pressures from 15 to 30 pounds, an
increase of about 1/20F in water temperature per pound in-

)                   crease in pressure is permissible."

Hydrogen gas, under pressure, is used as the cooling medium
in the EBR-II generator. The generator-cooling system is a closed
system with fans mounted on the shaft to circulate the hydrogen gas
through the generator.  The heat absorbed by the hydrogen as it passes
over the stator and rotor is removed as it continues over the finned tubes
of four water-cooled gas coolers located in the generator stator frame.
A carbon dioxide system is provided for purging the generator casing to
avoid an explosive mixture of air and hydrogen. A seal-oil system and a
hydrogen-scavenging system provide an effective heal against hydrogen
leakage at the generator-shaft bearings. Other components of the hydrogen
system are:  (1) a gas dryer, (2) hydrogen and C02 manifolds, valves,
regulators, and gauges, (3) purging control valves, (4) a hydrogen-
control cabinet, including controls and indicators, (5) a seal-oil control
unit, (6) one a. c. and one d. c. motor-driven seal-oil pump, (7) an oil-
storage tank, and (8) a portable gas analyzer.

Table 6 gives design data of the generator hydrogen system
for a gas purity of 98 percent.

-                        The flow diagram for the hydrogen and carbon dioxide
systems is shown in Fig. 35.

During normal operation the functions of the hydrogen system
are essentially automatic, and only routine inspections and adjustments
are necessary. Instrumentation, controls for adjusting scavenging rate,
and a, system annunciator are located on the Hydrogen Panel (see Fig.  34).
Controls for the vapor extractor, gland exhauster, and a.c. and d. c. seal-
oil pump motors are on the Turbine Gauge Panel (Fig. 31), located near
the turbine on the operating floor.
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TABLE 6. Design Data for the EBR-II Generator Hydrogen System

Gas volume of generator easing 815  cu  ft
Hydrogen purity 98%
(02 required to purge air (on turning gear or standstill) 1000 cu ft
(02 required to purge H2 (on turning gear or standstill) 1630 cu ft
H2 required to fill casing to 90% purity at * psi (on

turning gear or standstill) 1400 cu ft
Cooling-gas flow through generator 29,000 cfnn
Water flow through gas coolers 110   gpm
H2 requirement (generator in normal operation):

At * psi 70 cu ft/day
At 15 psi - 110 cu ft/day
At 30 psi 170 cu f t day

H2 required to increase casing pressure from:
* to 15 psi 815 cu ft
15 to 30 psi 1630 cu ft

Seal-oil flow to both shaft seals for inlet temperature
of  1100F:

At  *    p s i HT 4.4  gprn
At   1 5   p s i  H2 13.4 gprn
At 30 psi H2                    '                             22.7 gpm
Gas-side seal-oil flow from both seals 0.4  gpm

Differential pressure between seal-oil and casing
pressure:

Collector end -4.5 psi
Turb.ine end -4.5 psi

9.   Turbine-generator Load Operation

The output of the 20,000-kW turbine-generator is fed into
13.8-kV switchgear bus section No. 1 (see Fig. 20) via generator air
circuit breaker 5Bll-10 and is operated inparallel with the NRTS 138-kV
system through the 12000/16000-kVA main power transformers.  In a
demonstration run between 1330 August 13 and 0800 August 17, 1964, the
reactor operated continuously at 30 MWt with an average electrical output
of 7.5 MW. Since then, the reactor and turbine-generator have operated
for extended periods of time at 37.5 MWt and 1·1.8 MWe, respectively, and
at 45 MWt and 14 MWe, respectively.  As of the week ending April 13, 1966,
the total accumulated reactor thermal power production was 151,010 MWh
and the electrical power production' was 41,805 MWh. The total generator-
on-time was 1,644 hr.

This  operation of' the EBR-II reactor and turbine-generator
demonstrates the feasibility of this type of power-generating system for
central power-plant application.  It also demonstrates·.its feasibility for
operation as a base-loaded plant.

t

2
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When the Initial Pressure Regulator was first placed in service,
the speed changer was set at its high-speed position (i.e., 3780 rpm at no
load or 3600 rpm at fulf load). This corresponds to the governor 5% speed
regulation. To prevent excessive speed increase when the generator is
separated from the NRTS system, an electromechanical arrangement is
incorporated whereby the Initial Pressure Regulator and Speed Reset
devices are simultaneously tripped to place the turbine on Speed Governor
Control and instantly change the speed-changer mechanism to a preset
(reset) position. Since the plant auxiliary load is approximately 3MW, this
setting corresponds to a machine speed of 3600 rpm at that load. Should
the load be dropped by the opening of the generator circuit breaker, the
speed would increase to 3627 rpm. When other loads are added to the
EBR-II side of the EBR-II-NRTS interconnection, it may become necessary
to change the setting of the speed-reset device to correspond to a machine
speed of 3600 rpm at the new load in the event of separation of EBR-II
from the NRTS system.

Separation of the turbine-generator from the NRTS system
results in an inverse speed change of approximately 9 rpm (0.15  cps) for
each MW change of load on the generator. Whenever the turbine-generator
is automatically transferred from Initial Pressure Regulator Control to
Speed Governor Control, the speed and frequency of the generator should
be noted and the speed changer should be operated to restore the generator
to 3600 rpm (60 cps), if necessary.

With the occurrence of one of the following abnormalities, it
is possible for the kW load imposed on the EBR-II turbine-generator to
become greater than the available steam supply:

(a)  The tripping of 13.8-kV incoming-line breakers 5Bll-1
and 5Bll-2 when the EBR-II generator is supplying only a part of the
total load on the EBR-II side of the EBR-II-NRTS interconnection.

(b)  The tripping, without reclosing, of two 138-kV loop-
sectionalizing breakers on both sides of EBR-II, but one of which is
beyond the next facility. in the loop circuit.

In the case of abnormality (a), the turbine-generator control\

automatically transfers to speed-governor control, as previously explained,
and any deficiency in the amount of steam required by the additional load
imposed on the generator results in a reduction of machine speed and
frequency.

*

In the case of abnormality (b), the turbine-generator would
remain under initial pressure regulator control and, again, any deficiency
in the amount of steam required by the additional load imposed on the
generator results in a reduction of machine speed and frequency.
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To maintain operation of the EBR-II generator under such
conditions as those outlined above, an underfrequency relay is incorporated
in the design to trip breakers 5Bll-1 and 5Bll-2 when the frequency drops
to 58 cps. This would drop that part of the generator load in the 138-kV
loop in the case of abnormality (b). Another underfrequency relay is pro-
vided for dropping loads not necessary for the operation of the generator,
such as TREAT and other external loads which might be served by EBR-II
in the future. This could relieve the load on the generator sufficiently to
maintain operation of the EBR-II Facility under its own power.  If suf-
ficient steam still were not available, a third underfrequency relay is
connected to trip generator breaker 5Bl 1- 10 when the frequency drops to
56 cps.

The most likely condition to exist following the separation of
EBR-II from the NRTS system, however, is an excess of available steam,
since the EBR-II generator is normally delivering power to the NRTS
system.  In this case, the control of the turbine is automatically trans-
ferred from initial pressure-regulator control to speed-governor cdntrol
and any excess steam is automatically bypassed to the condenser.

It has been established from a Transient Stability Study (see
Appendix B) that it would be hazardou's to operate the EBR-II generator
in parallel with the 138-kV system in the event of a 20-cycle reclosure
of a loop-sectionalizing breaker when the 138-kV loop is open. There-
fore, the operating procedure requires that all 138-kV loop-sectionalizing
oil circuit breakers be closed when the generator is tied to the loop.  It
has also been established that an automatic 20-cycle reclosure of the
138-kV oil circuit breakers in the Utah Power and Light Co. transmission
line from Goshen Substation (see Fig. 19) could prove hazardous to the
generator. Therefore, pilot-wire tripping (see Fig. 21) of the 13.8-kV
incoming-line air circuitbreakers 5Bll-1 and 5Bll-2 is provided when-
ever automatic reclosure of oil circuit breaker 8Bl-1 at Scoville is
initiated by a line fault between Goshen and Scoville.

Close liaison between the EBR-II operator and Scoville
Substation operator is maintained. The Scoville Substation operator has
panel-board indication of the position of every 138-kV oil circuit breaker
in the system as well as position indication for the EBR-II 13.8-kV
incoming-line breakers 5Bll-1 and 5Bll-2 and generator breaker
5Bll-10. Healso has supervisory tripping control for breakers 5Bll-1
and 5Bll-2. Should the EBR-II generator already be in parallel opera-
tion with the 138-kV system and a section of the loop is lost for any
reason (except for a successful single-shot reclosure), the Scoville
operator will trip the EBR-II incoming-line circuit breakers 5Bll-1 and
5Bll-2 and notify the EBR-II operator. The EBR-II generator will then
be supplying the EBR-II Facilit.y loads without benefit of connection to the
NRTS system.· After the lost section. of the 138-kV loop is restored, the
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Scoville operator will notify the EBR-II operator, who may then synchronize
the EBR-II generator with the 138-kV system and resume parallel operation.

With operation of the EBR-II generator in parallel with the
138-kV closed loop, an automatic reclosure of a 138-kV loop-sectionalizing
breaker entails no danger to the generator since the connection between
the generator and the 138-kV supply will not have been momentarily
disconnected.                                                                                                          h

The two 12000/16000-kVA 132-13.8-kV power transformers
in the Main Outdoor Substation are equipped with mechanisms for auto-
matically changing the low-voltage taps und'er load. However, when the
EBR-II generator is connected to the system with its amplidyne voltage-
regulator system in service, the transformer tap changers must be placed
under manual control to prevent hunting. The transformers ate also
provided with current balance-paralleling equipment to maintain the tap
changers in "step" when the transformers are operating in parallel under
automatic control.  If one transformer is out of service the balance-
paralleling feature is automatically deactivated and the remaining trans-
former can "step" independently.

Two curves (see Figs. 36 and 37) have been prepared to serve
as guides in the operation of the EBR-II Generator. Figure 36 shows the
complete operating range of the generator in terms of kilowatts and
reactive kVA.

As the kW load is increa'sed on the generator, increased field
current is necessary to maintain terminal voltage and to carry a reason-
able portiori of the reactive kVA associated with the load.  With the
EBR-II generator operating .in parallel with the NRTS power system,
voltage and reactive kVA are interrelated and cannot be controlled in-
dependdntly. Changes in generator field current result primarily in
changes in voltage on the 13.8-kV switchgear and in the reactive kVA -
loading of the generator. Increasing the excitation causes the generator
to deliver more lagging reactive kVA while decreasing the excitation has
the opposite effect.

The operating range of the EBR-II generator will normally be
within the boundaries of the points designated as OBFEO in Fig. 36.
Within this area, the fiel.d current should be of such magriitude as to
hold approximately 13,800 V on the generator bus. This voltage can go
as high as 14,490 V when the machine is carrying full load and should not
drop below 13,110 V atlight load. (This represents the +5% voltage
tolerance that the manufacturer allows for the operation of this machine.)

The limits of operation are also shown in Fig. 36; the limit
indicated by the curve A to B is imposed by the design limits of the
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generator field (rotor).  This is determined by the manufacturer. Operation
within the area OABO is permissible, but normally not necessary unless
low-voltage conditions exist on the NRTS loop, and it is desired to use the
EBR-II generator to help boost the voltage. The limits indicated by the
curve BFC are imposed by the design limits of the generator armature

(stator).  This also is determined by the manufacturer. The limits in-
dicated by the curve C to D are imposed by design limits of the rotor iron
and are also determined by the manufacturer in the design of the machine.

The curve HJEF was determined as the limit to be imposed
by considerations of system stability. These considerations take into
account the electrical characteristics of the generator and the system to
which it is connected. The points at which the EBR-II generator would
pull out of synchronism are designated by the curve HG.

Stability may be explained briefly as follows: a synchronous
generator connected to a power system can be made to pull out of syn-
chronism in one of two ways, or a combination of the two:  (1) by holding
the field current constant and increasing the kW loading until the machine
pulls out; and (2) by holding the kW constant but decreasing the field
current until the machine pulls out.  For any value of kW loading there
is then a minimum value of field current that must be maintained to hold
the machine in synchronism with the system.  As the kW loading of the
generator is increased, the angle of the rotor advances with respect to
the angle of the large system to which the geneaator is connected.
Electrically, this angle must not exceed 900, because beyond this point,
the generator will pull out of synchronism and this would result in
serious voltage disturbances to the power system and possible serious
damage to the generator.

A 20% margin (Power Limit to Opera.ting Limit ratio of 1.2) of
safety was used in establishing the stability operating limit curve HJEF.
Operation of the EBR-II generator with its output above this curve avoids
loss of synchronism by allowing the wide margin to curve HG for system
disturbances and other abnormal conditions, such as low voltage.  It will
be noted that the limit imposed by armature core and heating intersects
the stability curve HJEF at point J and therefore the generator is not
operated in the area below curve DJEF when manual excitation control
is used.

Operating within the area OEJD is normally not necessary,
but is permissible if the NRTS system voltage is high and it is desired to
reduce the voltage by using the generator to do so.

The line RS represents the underexcited reactive-amperes
limit start-line characteristics of the amplidyne generator-voltage
regulator equipment, as provided to limit minimum excitation.  The
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underexcited reactive current to which the voltage-regulator equipment
responds is automatically readjusted as a function of the power output of
the generator.

Figure 37 shows the pull-out limit and the recommended limit
of operation in terms of generator output in kW and field current in
amperes. The "pull-out limit" on this figure corresponds to the curve HG
of Fig. 36, and the recommended limit under manual control of exditation
corresponds to the curve DJEF. The "reactive-ampere limit start" line
corresponds to line RS in Fig. 36.

Controls, instrumentation, and meters for synchronizing the .
EBR-II generator and for controlling the generator field excitation are
located on Generator Indicating Panel E-4 (see Fi . 24) and the Synchro-
nizing Panel E-6 (see Fig. 22) in the Main Control Room.

There are four circuit breakers in the 13.8-kV switchgear
assembly at which the generator can be synchronized and paralleled with 
the NRTS power system. These are as follows:

(1) 13.8-kV incoming-line No. 1 circuit breaker 5Bll-1;

(2) 13.8-kV incoming-line No. 2 circuit breaker 5Bll-2;

(3) 13.8-kV bus-tie breaker 5Bll-·12;

(4) generator breaker 5Bll-10.

The synchronizing control circuits are shown in Fig. 38.

Synchronizing and paralleling of the EBR-II generator may
be performed either by manual or automatic synchronizing procedures.
A "MAN-OFF-AUTO" synchronizing selector switch and a synchronizing
transfer switch are provided on Panel E-6 (see Fig. 22) for selection of
the synchronizing method and the specific circuit breaker to be used.

< 10. Protective Relaying

A list of the principal relays incorporated in the design for
protection· of the generator is given in Table 7.  All the relays function to
trip generator breaker 5Bll-10 and.all are located in the generator breaker
unit of the 13.8-kV switchgear, except for the loss-of-field relay (40),
which is located in the generator-excitation cubicle. The relays are of
General Electric Co: manufacture.

A block diagram of the tripping scheme for the EBR-II turbine-
generator is shown in Fig. 39. A single-line diagram (Fig. 40) and an
elementary diagram df generator breaker 5Bll-10 contr61 scheme (see
Fig. 41) show the application of the relays and the interlocking circuits
used in the design.
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High-speed differential relays (87G) are used for effective pro-

tection of the generator against phase-to-phase and phase-to-ground faults.
The protected zones of these relays include the generator power cable
leads between the first set of three current transformers on the load side
of the generator breaker and the set of three current transformers nearest
the neutral. connection of the generator.

The power directional relay (32) provides protection 'aga,inst
motoring of the generator in the event of loss of steam to the turbine.  The
primary protection is against overheating the turbine blading in the event
the generator should drive the turbine.

The voltage-restrained overcurrent relay (51V) provides back-
up protection for the faults on the system that are not cleared by other
relays and circuit breakers.

The induction-overcurrent ground relay (50-51N) provides
generator line-to-ground fault protection and backup protection for the
generator differential relays (87G).

The loss-of-field relay (40) is provided to protect the genera-
tor against loss of excitation.and quickly to trip the generator breaker
automatically when this occurs.  Loss of field can occur as a result of
accidental tripping of the field-circuit breaker, short circuits in the field
circuits, loss of excitation to the main exciter, open circuits, or high-
resistance contact of the brushes on the commutator of the exciter (see
Fig. 32).

Underfrequency relay (81-1) operates when the frequency drops
to 56 cps. As mentioned earlier, underfrequency relay (81-3) operates to
trip br6akers 5Bll-1 and 5Bll-2 when the frequency drops to 58 cps, and
underfrequency relay (81-2) is a spare for shedding other loads as desired.

TABLE 7. Protective Relays for the EBR-II Generator

Device
No. Quantity Relay Type

87G           3 High-speed differential Type 12 CFD 12BiA
32            1 Power directional Type 12GGP53BlA
51V             3 Overcurrent voith voltage restraint

Type 12IJCV51AlA
5 0/51 N

.
1 Instantaneous and inverse time ground

overcurrent G. E. Type·12IAC5 181 BA
40            1 Loss-of-field current Type IC 2820AlOOAA253E

81-1           1         Underfrequency Type 1 2 C F F 1 2 A 1 3 A
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D. 2400-V System

1. General

The 2400-V power system is an ungrounded delta system con-
sisting of a single main bus which is fed by two pa rallel-operated 13.8-
2.4-kV power transformers, one connected on each bus section of the
13.8-kV switchgear (see Fig. 20). The 2400-V system is used principally
for large individual motor drives (200-800 hp) and for large single-phase
loads.

The system includes an indoor-type metal-clad switchgear
assembly (see Fig. 8), metal-enclosed bus ducts for throat connection to
the power transformers, and 5-kV power cables installed in rigid steel

- conduit, cable trays, and/or underground ducts.

The main 2400-V bus is controlled from panels in the Main
Control Room. The branch feeders are controlled from the Main Control
Room and/or from local control panels.

2. 2400-V Switchgear

The 2400-V switchgear is an indoor-type, metal-clad, double-
ended, single-bus-constructed switchgear assembly. It consists of eleven
unit-type constructed cubicles housing eleven front-removable, horizontal
drawout, air circuit breakers and all necessary potential transformers,
current transformers, protective relays, meters, and control devices to
make it functional.

The main busses and all current-carrying parts are copper,
with all joints and connections silver-plated and tightly bolted to insure
maximum conductivity. Terminations of the main busses are made and
arranged at each end of the switchgear in a manner to p-ermit the addition
of future units. A ground bus extends throughout the length of the switch-
gear, with connections to each unit and to the frame of each circuit breaker
and potential-transformer assembly. Spring-loaded contacts are provided     -
to assure a positive ground connection whenever circuit breakers are in
the "Operate" or "Test" position.

.The air circuit breakers are Federal Pacific Electric Co.
Type DST5- 150, horizontal drawout, ·rated 2.4 kV,  1200 A, 60-cycle,
3-pole, and electrically operated. A summary of circuit breaker data is
given in Table 8.
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TABLE 8.  Data for 2400-V Air Circuit Breaker

Manufacturer Federal Pacific Electric Co.
Type DST5-150
Rated voltage 2.4 kV
Maximum design voltage rating 4.76 kV
Continuous  60- cps current 1200 A'
Interrupting ratings:

3-phase kVA 2400 V 100,000 kVA
Current at 2400 V 21,000 A
Maximum tripping time (60 cps basis) 8 cycles

Short-time ratings:
Momentary 40,000 A
4-sec 25,000 A

Control circuit:
Nominal voltage 125 V d.c.
Closing voltage range 90-130 V
Clos,ing current (at 125 V d. c.) 100 A

Tripping voltage range 70-140 V

Tripping current (at 125 V d. c.) 5A
Tripping time, from energizing trip

coil until circuit is interrupted 5 cycles
Closing time, f orn energizing closing

control relay until breaker contacts
are fully closed 10-15 cycles

Insulation level withstand test:
Low frequency 19 kV

Impulse crest 60 kV

3. Power Trans formers                      /

The two power transformers (see Figs. 6 and 20) serving the
2400-V system are Federal Pacific Electric Co. Type LCA, each rated
at 2500 kVA, 13,800 V wye primary to 2400 V delta secondary, 3-phase,
60 cycle, 5.5 percent impedance, .askeral immersed, self-cooled, 55'C
temperature rise, for outdoor installation.  Four 2* percent full-capacity
taps are provided on the primary winding, two above and two below the
13.8-kV tap; the desired tap is selected by means of an externally operated
no-load manual tap switch, with provisions for padlocking.

There are no exposed live parts on the transformers.  The
neutral of the transformer primary winding is brought out to a porcelain
terminal bushing in the high-voltage terminal box. A 600-5-A multi-
ratio current transformer is provide4 on the neutral bushing. The neutral
of each transformer is grounded through a 6.66-ohm resistor, as pre-
viously described.
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The delta secondary leads of each transformer are brought out
to 2400-V terminal bushings for throat connection to a metal-enclosed bus
duct.

Each transformer is equipped with the following listed
accessories:

Liquid-level gauge Drain valve
Thermometer with alarm contacts Vacuum pressure control
Vacuum pressure gauge and test connections
Manual tap changer Filter-press connection
Relief vent Liquid- sampling device

4.   2400-V Bus Duct

The secondary connection between each transformer and the
switchgear is made by means of a metal-enclosed, 3-'pole, nonsegregated
bus duct rated at 2400 V, 1200 A, 60 cycle, and suitably braced to withstand
a momentary short-circuit current of 40,000 rms asymmetrical amperes.
Each bus bar is insulated for 5 kV with flame-retardant insulation.  Con-
nections to the transformer terminals are made with strip laminated flexible
connectors. Flanges and vapor-tight barriers are installed to seal the wall
dpening at the point of the bus duct where it enters the· building.

5.   5-kV Power Cable
\

The power cables used in the 2400-V system have a 5-kV rating
to provide a good margin of safety against the breakdown of cable insulation.
The cables are round, single-conductor, class "C" stranding, soft-annealed
copper cables, unshielded, insulated with ozone-resistant butyl rubber
compound, and with an outer covering of oil-resistant, thermoplastic poly-
vinylchloride suitable for a maximum temperature of 80'C.

6. Control Panels

Controls for the 24002V incoming power feeders and branch
load feeders are located on panels as listed below:

Circuit Breaker
Cubicle No. Load Location of Controls

1           Primary Pump No. 1 M-G Set Corridor Panel (See Fig. 42)
2           Primary Pump No. 2 M-G Set Co.rridor Panel (See Fig. 42)
3           Transformer No. 3 13.8-kV Feeder Panel E-5

Secondary      · (Main Control Room) (See Fig. 22).
-                   4 Pump House No. 1 2400-V Electrical Panel E-2

(Main Control Room) (See Fig. 2·2)
5 Pump House No. 2 Pump House No. 2 (See Fig. 43)
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Circuit Breaker
Cubicle No. Load Location of Controls

6 Secondary Sodium Pump Control Panel (Sodium-Boiler Plant)
(See Fig. 43)

·7 Circulating Water.Pump Steam Panel (Main Control Room)*
No. 1 (See Fig. 43)

8 Circulating Water Pump Steam Panel (Main Control Room)*
No. 2 (See Fig. 43)

9          Transforrner No. 4 Secondary 13.8-kV Feeder Panel E-7 (Main
Control Room) (See Fig. 22)

10           Induction and Resistance Induction and Resistance Heating
Heating Panel (Sodium-Boiler Plant) (See Fig. 43)

11 Boiler Feedwater'Pump Steam Panel (Main Control Room)*
(See Fig. 43)

*Duplicate controls are located on the local startup panel.

Breaker-position indication is provided at each control location
and also above the permissive trip switches located on the front door of the
respective circuit breaker switchgear cubicle. An indicating ammeter and
ammeter switch are m6unted on the front door panel of the switchgear for
each of the switchgear circuits; an ammeter and ammeter switch are also
provided on Panel E-2 (see Fig. 43) in the Main Control Room for each load
feeder. Bus voltage may be read from either an indicating voltmeter on
Panel E-2 or the indicating voltmeter provided on the switchgear.

7. Protective Relaying

The protective relaying scheme for the 2400-V system is in-
dicated in Figs. 44 an:d 45.

The relays are mainly of the flush or semiflush, drawout type,
and are located on the front door panels of the switchgear, except for the
relays for the 200-hp pump-drive motor in Pump House No. 1.

A list of the principal protective relays, all of General Electric
Co. manufacture, is given in Table 9.

TABLE 9. Protective Relays for the 2400-V System

location Device
Feeder on Switchgear No. Quantity Relay Type Function

Primary sodium pumg Unit  No. 1 49/50 2 Thermal overcurrent, with in- Trip unit No. 1, 2.4-kV
No. 1, M-G set motor stantaneous overcurrent unit, breaker

Type 12TMC11B94A

Primary sodium·pump Un it No. 2 49/50 2 Thermal overcurrent, with in- Trip unit No. 2,2.4-kV
No. 2, ME-G Set Motor stantaneous overcurrent unit, breaker

Type 12TMC11894A

Incoming lines No. 1 and Unit No. 3              67 3 Directional phaseovercurrent, Trip incoming lines No. 1
No. 2 (transformers No. 3 inverse time, Type 1218(51ElA   and No. 2 (transformers
and No. 41 No. 3 and No. 41, 2.4-kV

breakers and alarm

Incoming lines No. 1 and Un it No. 3 50  .           1 Instantaneous overcurrent, Establishes pickup of
No. 2 (transformers No. 3 similar to Type 12PJC31C67A (67) at 2400 A, 10,000 kVA
and No. 4)                                                                                                                      via 50X
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TABLE 9. (Contd.)

location Device
Feeder on Switchgear No. Quantity Relay Type Function

Incoming line No. 1 Unit No. 3                  32              1 Instantaneous directional Trip incoming line No. 1
(transformer No. 31 power, 3-phase, Type CCP-13D (transformer No. 31,

2.4-kV breaker via device
No. 62

Incoming line No. 1 Unit No. 3               62            1 D.C. timing relay, Type Auxiliary to device 32
(transformer No. 31 12RPM13A12A

2.4-kV bus Unit No. 4               64            1 A.C. overvoltage, Type Annunciates 2.4-kV bus
121AV51A7A ground

Pump house No. 1 Unit No. 4             51           3   Overcurrent, extremely in- Trip pump house No. 1,
verse time, Type 12 IAC7784A 2.4-kV feeder breaker

Well pump No. 2 /        Unit  No. 5 49/50 2 Thermal overcurrent, with Trip well pump No. 2,
instantaneous overcurrent 2.4-kV breaker
unit, Type 12TMC11B2A

Well pump No. 2 Unit No. 5 WP2 Automanual selector relay Permissive control
(manual automatic) of
2.4-kV well pump No. 2
breaker

Secondary sodium Unit No. 6 49/50 2 Thermal overcurrent, with Trip secondary sodium
pump instantaneous overcurrent pump 2.4-kV breaker

unit, Type 12TMC1186A
Condenser circulating Unit No.'7 49/50 2 Thermal overcurrent, with Trip condenser circulati
water pump No. 1 instantaneous overcurrent 'ing water pump No. 1

unit, Type 12TMC1188A breaker

Condenser circulating · Unit No. 8 49/50 2 Thermal overcurrent, with Trip condenser circulat-
water pump No. 2 instantaneous overcurrent ing water pump No. 2

unit, Type 12TMC11BBA breaker             -

Incoming line No. 2 Unit No. 9                32             1           Instantaneous directional Trip incoming line No. 2
(transformer No. 4) power, 3-phase, Type'CCP-130 (transformer No. 4),

2.4-kV breaker via
device 62

Incoming line No. 2 Unit No. 9             62           1 D.C. timing relay, Type Auxiliary to device 32
(transformer No. 41 12RPM13A12A

2.4-kV bus Unit No. 9             27           2 A.C. undervoltage, Type Reactor scram and alarm
12PCV1281

Induction and resis- Unit No. 10 50/51 3 Overcurrent, extremely in, Trip induction and re-
lance heating verse time, with instanta- '

sistance heating
neous overcurrent unit, 2.4-kV breaker
Type 121AC7784A

Boiler feedwater pump . Unit No. 11 49/50 2 Thermal overcurrent, with Trip.boiler feedwater
instantaneous overcurrent pump.2.4-kV breaker
unit, Type 12TMC1186A

Deep well pump No. 1 On 2.4-kV starter 49/50 2 Thermal overcurrent, with Open motor starter
motor at pump house No. 1 instantanedus overcurrent

· unit, Type TMC11842A

Deep well pump No. 1 On 2.4-kV starter            46             ·1 Current balance; Type Open motor starter
motor at pump house No. 1 121JC5183A

Since the 2400-V system is an ungrounded system, a ground
fault on only one of the lines will not cause operation of any protective relay.

\.   To provide arinunciation of the occurrence of a line-to-ground fault, an over-
voltage "ground alarm" relay (64) is connected in the open corner of the
delta secondary of a set of 2400- 120-V potential transformers, connected
wye-broken delta.

\
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The 2400-V incoming-line circuit breakers are provided with
one common set of three directional overcurrent relays (67) to provide
bus-fault protection and also backup protection for the relays on the branch
feeder circuit breakers. These relays receive the sum of the current flow-
ing into the 2400-V bus. In order to provide coordination with the relays
on the branch-feeder circuit breakers, instantaneous overcurrent relays (50)
are connected to prevent operation of the directional overcurrent relays (67),
except when the total current is large enough to operate the instantandous
elements on the branch-feeder circuit breakers.

Instantaneous directional power relays (32) are provided for
each of the 2400-V incoming-line breakers. These relays will trip their re-
spective circuit breaker if power should flow from the 2400-V bus toward
the 13.8-kV bus.  They are set to operate on a very low power flow in the
reverse direction; however, time-delay relays (62) are incorporated to pro-
vide time delay before tripping an incoming-line circuit breaker.

Each of the motor-feeder circuit breakers is provided with two
thermal overcurrent relays with instantaneous trip elements (49/50) for
motor overload and short-circuit protection. The thermal overcurrent
relay (49) settings are between 110 and 120 percent of the motor full-load
current.

-    In addition to overload and short circuit protection, the 200-hp
deep well pump motor in pump house No. 1 is protected against single-phase
operation by a current-balance relay (46). This motor is controlled by an
industrial motor controller (Limitamp) equipped with current-limiting fuses.

The feeder circuit breaker for the 500-kVA single-phase in-
duction heating transformer and the 250-kVA surge-tank heating transformer
is provided with induction-type overcurrent relays with instantaneous trip
attachments (50/51) for overload and short-circuit protection.  The line-
feeder circuit breaker for pump house No. 1 is similarly provided with
overcu·rrent relays (51); instantaneous elements furnished with the latter
relays were disconnected since thejr could not be coordinated with the motor
starter and transfornier fuses.

Two plunger-type undervoltage relays are connected to the
2400-V bus through two 2400-120-V potential transformers for reactor
scram and annunciation in the event of an undervoltage condition.
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E. 480-V System

1.    General  

The 480-V power system is a wye-connected system with the
neutrals of two 2000-kVA, 13.8-kV-480-V delta-wye power transformers
solidly grounded. One transformer is connected to the 13.8-kV bus on one
side of the bus tie breaker, and one is connected to the bus on the other side
of the bus tie breaker (see Fig. 20).

The system indludes 480-V main and emergency indoor-type,
metal-enclosed, switchgear assemblies, three automatic-starting emergency
diesel-generator units, a 480-V lighting distribution center, motor-control
centers, lighting and distribution transformers, power and lighting distri-
bution panels, and cbntrol panels.

The 480-V main switchgear assembly has a single bus which is
throat-connected to the two power transformers by metal-enclosed bus ducts.

The 480-V emergency switchgear is normally fed by a feeder
from the 480-V main switchgear.  Four of the motor-control centers have a
"normal " and an "emergency" bus section, with a normally open bus tie
breaker between them. The "normal" bus section is fed directly from the
480-V main switchgear whereas the "emergency" bus section is fed from the
480-V main switchgear via the 480-V emergency switchgear. Under emer-
gency conditions, i.e., when the normal power supply is lost, the 480-V
emergency switchgear bus is automatically disconnecfed from the 480-V
main switchgear and receives its power from the 400-kW autor]hatic-starting
diesel-generator unit (see Fig. 20).

When the normal power supply is lost, the "emergency" bus
section of three of the motor-control centers receives power from the
400-kW diesel-generator unit; the fourth motor-control center, Fl, re-
ceives power from the 200-kW unit. Concurrently with the starting of the
400-kW diesel-generator unit, the 100-kW unit starts automatically to serve
the critical loads on motor-control center R2.

When voltage is lost on the "emergency" bus section of a motor-
control center but not on the "normal" bus section, the bus tie breaker
closes automatically to energize the "eniergericy" bus.

1000- V-insulation, single-conductor cables are used for heavy
480-V power feeders and 600-V-insulation, single-conductor and/or multi-
conductor cables are used for light power circuits, lighting, and control.
Cables are routed in galvanized rigid steel conduit, galvanized electrical
metallic tubing, cable trays, and/or in underground duct runs encased in
concrete.
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2.   480-V Main Switchgear.

The 480-V  main switchgear is of Federal Pacific Electric Co.
manufacture and consists of a single-bus, indoor-type, metal-enclosed,

' double-ended, drawout switchgear assembly with six rigid, self-supportingsteel frames containing individually isolated compartments for fourteen
drawout-type air circuit breakers. Instruments, protective relays, and
permissive control switches are mounted on hinged front-panel sections
over the incoming-line circuit breakers (see Fig. 9).

The main busses are copper with a continhous current rating of
3000 A; their entire length, including contact surfaces of all bolted connec-
tions, are silver-plated. These busses are mounted in high-impact, heavy
phenolic base supports in each cell and are braced to withstand stresses
induced by a maximum momentary asymmetrical short-circuit current of
75,000 A.

A ground bus extends the entire length of the assembly and con-
nects to ground stabs provided in each breaker cell. The ground bus has a
continuous rating exceeding 1000 A,and a momentary rating equivalent tothat of the largest circuit breaker. Ground connections to the circuit-
breaker frames are made at all times when the circuit breakers are in
service.

The two incoming-line (transformer secondary) circuit breakers
are General Electric Co. Type AK-1-75, 600-V a.c., 3000-A, 60-cps,
3-pole, electrically operated, trip-free, drawout air circuit breakers with
an interrupting capacity of 75,000 rms amperes at 480 V. The circuit
breakers are not equipped with integral series overcurrent devices as fault
protection is provided by means of separate protective relays connected toenergize the breaker shunt trip device. The motor-operated closing mecha-
nisms provided have an operating range of 90 to 130 V d. c. and the shunt
trip devices have an operating range of 70 to 140 V d. c.

The branch-feeder circuit breakers are Federal Pacific Electric
Co. Type DMB-50, 600-V a.c., 1600-A frame, 3-pole, electrically operatedi
trip-free, drawout air circuit breakers, with an interrupting capacity of50,000 rms amperes at 480 V. Each circuit breaker is equipped with threeseries overcurrent trip devices of the time-delay mechanical-escapement
type with long time-delay and short time-delay mechanisms with factory-
set time bands of minimum, intermediate, or maximum--for selective
tripping of circuit breakers in the system. The long-time delay mechanisms
are field adjustable from 80 to 160 percent of rated current, and the short-
time delay mechanisms are field adjustable to calibrated pickup settings of500,700 and 1000 percent of rated current. The breaker-closing mechanisms
have an operating range of 90 to 130 V d.c. and the shunt trip devices have
an operating range of 70 to 140 V d. c.
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3. Power Transformers

The two power transformers (see Figs. 6 and 20) serving the
480-V system are Federal Pacific Electric Co. Type LCA, each rated
2000-kVA, 13,800-V delta primary, 480-V wye secondary, 3-phase, 60 cycle,
11.75 percent impedance, askeral-immersed, self-cooled, 55°C temperature
rise, for outdoor installation.  Four 2* percent full-capacity taps are pro-
vided on the primary windings, two above and two below the 13.8-kV tap;
the desired tap is select_e'd by means of an externally operated no-load
manual tap switch, with provisions for padlocking. There are no exposed
live parts on the transformers. The primary leads are brought out to por-
celain terminal bushings in the high-voltage terminal box mounted on the
front of the transformer. The secondary leads, including th6 neutral con-
nection, are brought out to porcelain terminal bushings at the rear of the
transformer. The neutrals of the transformers are solidly grounded to the
EBR-II ground grid system.  The 480-V secondary terminals of each trans-
former are throat-connected to a metal-enclosed bus duct.

Each transformer is equipped with the following listed  '
accessories:

Liquid-level gauge Drain valve
Thermometer with alarm contacts Vacuum pressure control
Vacuum pres sure gauge and test connections
Manual tap changer Filter press connection
Relief vent Liquid- sampling device

4.   480-V Bus Duct

The secondary connection between each transformer and the
switchgear is made by means of a metal-enclosed, 3-wire, nonsegregated
bus duct rated at 480 V, 3000 A, 60 cycles, and suitably braced to withstand
a momentary short-circuit current of 75,000 rms asymmetrical amperes.
Connections to the transformers terminals are made with strip laminated
flexible connectors. Flanges and vapor-tight barriers are installed at the
point of the bus duct where it enters the building.

5. 480-V Emergency Switchgear

The 480-V emergency switchgear is of Federal Pacific Electric
Co. manufacture and consists of a single-bus, indoor-type, metal-enclosed,
switchgear assembly containing individually isolated compartments housing
seven drawout-type air circuit breakers, one 1200-A nonautomatic incoming-
line disconnect switch, and a 3-phase current-limiting line reactor.  Pro-
tective relays, control switches, and indicating lights are mounted on the
front of the equipment (see Fig. 10). -
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The main busses are copper with a continuous-current rating of
600 A, and braced to withstand the stresses induced by a momentary as-
symetrical rms short-circuit current of 35,000 A.  All bus joints and con-
nections are silver-plated and tightly bolted to insure maximum conductivity.
A ground bus extends the length of the switchgear, with a connection to each
switchgear unit and to each circuit-breaker frame. Grounding of a circuit-
breaker frame is in effect at all times when the breaker is in the operating
position.

The circuit breakers are Type DMB-25, 6OO1V a.c., 600-A
frame, 3-pole, trip-free, drawout air circuit breakers with an interrupting
capacity of 35,000 asymmetricil rms amperes at 480 V. Each breaker is
equipped with three series overcurrent trip devices of the time-delay
mechanical-escapement type with long-time and short-time delay tripping
mechanisms. The long-time-delay mechanisms are adjustable from 80 to
160 percent of rated current, and the short-time-delay mechanisms have
adjustable pickups calibrated at 500, 750, and 1000 percent of rated current.

The 400- kW diesel-generator breaker has a 125-V d.c. closing
mechanism, with an operating range of 90 to 130 V. All circuit breakers
in this gear have 125-V d. c. shunt trip devices with an operating range of
70 to 140 V. The closing and tripping potential is supplied by the station
125-V battery.

The current-limiting line reactor is a Westinghouse-type MSP
shielded reactor, rated 600 V, 1000 A, 3-phase, 60-cycle, 0.01 ohm per

-     phase. The reactor limits the short-circuit current on the switchgear bus
to approximately 23,600 assymetrical rms amperes.

6. 480-V Lighting Distribution Center

The 480-V lighting distribution center consists of three vertical
sections joined together to form a rigid, free- standing, dead- front, indoor
metal-enclosed assembly. All busses in the assembly are braced to with-
stand a short-circuit current of 25,000 rms amperes. The distribution
center is normally fed from the 480-V main switchgear through a 600-A,
manually operated, nonautomatic, L-frame air circuit breaker and a    -
3-phase, 600-A current-limiting reactor. A normally open feeder circuit
breaker in the 480-V emergency switchgear is included in the design to
provide power to the lighting distribution center from the 400-kW emergency
diesel-generator unit.

The distribution center contains a total of nine manually oper-
ated, K-frame branch molded case circuit breakers, four of which are
spares. The distribution center serves lighting and auxiliary loads in the
Power Plant, Reactor Plant, Main 138-13.8-kV Outdoor Substation, Guard
House, Fire Station, and Yard Lighting.



.

\                       77

7. 480-V Emergency Power System

Emergency power for the 480-V, 3-phase emergency power
system is supplied by one 400-kW and one 100-kW automatic-starting
emdrgency diesel-generator unit (see Fig. 20). The 400-kW generator out-
put is fed into the 480-V emergency switchgear, and the 100-kW generator
output is fed into motor-control center R2. Table 10 lists the loads which
are automatically applied to the 400-kW unit and Table  11 the loads which

may be manually applied. Table 12 shows the critical' emergency loads
served by the 100-kW unit via motor-control center R2. Table 13 shows
the loads which are automatically disconnected and locked out during a
power outage.

TABLE 10. Emergency Power System Loads Automatically Applied to
the 400-kW Diesel Generator

Delay
Load No. Description                                  hp           (sec)

RM-45 Argon Blower 1                              ·         5              0
RM- 46 Argon Blower 2                                         5              0
PPS Pump Pit Sump Pump                                  *              0
PM-77 Turning Gear Oil Pump                                5              0
PM- 90 Instrument Air Compressor 1                        50              0
PM-91* Instrument Air Compressor 2 50            0

PM- 94 Continuous Power Supply 115            0
PC-383 Annunciator                                      10            0
PF-74 Control Power System                                10              0
PM-74 Hydrogen Seal Oil Pump                                2              0
PM-119 Duplex Condensate Pump                               3              0
PM- 120* Duplex Condensate Pump                             3              0
RF-11 Emergency Lighting Panel RE- 1                                   5                      0
PF-63 Sodium-Boiler Plant 0.3            0

PM- 64 Demineralizer Service Pump 1 (make up) 7.5            0

PM-65* Demineralizer Service Pump 2 (make up) 7.5            0

RF-14 Refueling Machine 10.75

5.2 kW       0
PF- 11 Guard House and Fire House Emergency Feeder 11.5                         0

PM- 59 Emergency Instrument Air Compressor·                  2                  ·10
PF-96 Station Battery Charger                               5             10
PM-115 Cooling Water Pump 1                               15             10
PM-116 Cooling Water Pump 2                                 15             10
RM-48 Shield Air Recirculating Fan 1 20            10

RM-49* Shield·Air Recirculating Fan 2 20           10
RM-54** Refrigeration Compressor .3 40. 20

RM-62**. Refrigeration Compressor 1. 20 20

RM- 63 Refrigeration Compressor 2 20 20

PF-31 Laboratory and Service Building
LllM-311A Main Exhaust Fan (West)                         20
LllM-311B* Main Exhaust Fan (East) 20

LM-707A Process Water Pump (South)                      3
LM-707B* Process Water Pump (NArth)                     3
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TABLE 10. (Contd')

DelayLoad No. Description hp       (sec)

RM-52t Thimble Cooling Compressor 1                    60           50
RM-53*t Thimble Cooling Compressor 2                    60           50
PF- 67 t Pilot Light Transformers 2.0          50
RF-13t Shield Cooling Supply Fan Dampers

RM- 99 0.25 50
RM- 100 0.25  '       50

RF-13Ct Shield.Cooling Supply Filters Dampers
RM- 101 0.25                  50
RM- 102 0.25 - 50

RM-68 t . Emergency Instrument Air Compressor
(Reactor Plant) 1.5 50

RM-5Ot Shield Cooling Exhaust Fan 2                         30             70
RM-51*t Shield Cooling Exhaust Fan 1 30           70
PF-34 Emergency Lighting Panel PE- 1 15.0 45 (min)

*Standby operation--only one motor f6r this service will operate at one time.
**Compressors RM-62 and RM-63 will operate sirnultaneously as a standby for

RM-54, but not. at the same time as RM-54.
tApplied to 400-kW generator if 1.00-kW generator fails.

TABLE 11. Emergency Power System Loads Manually Applied to
the-400-kW Diesel Generator

Load No. '
Description                              hp

RF-10 Rotary Bridge Crane                            67
R M- 60 Air Supply Fan                                   30
RM- 66 Purge Exhaust Fan                                5
RF-69 Personnel Air Lock                                1.
RF-71 Equipment Air Lock                                   1
RM-73 Equipment Air Lock Cart 0.75
RF-14 Large Rotating Plug Seal Heaters 38 kW
PM- 50 Auxiliary Boiler 1 Forced Draft Fan              10
PM-53 Auxiliary Boiler 2 Fgrced Draft Fan              10
PM-56* Auxiliary Boiler Feed Water Pump 40
PM-57 Diesel Oil Pump                                  .2
PM- 58 Fuel Oil Pump 5.25
PM- 76 Turning Gear 1.5
PM-94Ml** Continuous Power Supply                        50
RF-35A . Auxiliary Primary Sodium Pump                              50

Evacuation Siren                                10
Acid Storage Tank Heaters (1 Phase) 5.5 kW

*PM-56 operation on standby service is rejected; however, starting is
permitted under manual operation.

*.*PM-94Ml is standby for PM-94 and will not operate when PM-94 is in
service.
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TABLE 12. Emergency Power Systefn Loads Automttically
Applied to the 100-kW Diesel Generator

Ddlay
Load No. '

Description                                  hp           (sec)

RM- 50 Shield Cooling Exhaust Fan 2 30 20
RM-51* Shield Cooling Exhaust Fan 1 30 20
RM-52 Thimble Cooling Compressor 1             60          0
RM-53* Thimble Cooling Compressor 2             60          0
RM- 67 Pilot Light Transformers                     2           0
RM- 68 Eriergency Instrument Air Compressor 1.5          0
RF-13 Shield Cooling Supply Fan Dampers

RM- 99 0.25         0
RM- 1 0 0 0.25         0

RF-13C Shield Cooling Supply Filters Dampers
RM- 101                                                                  0.25              0
RM- 102 0.25         0

*Standby operation--only one motor for this service will operate at one
time.

L

TABLE 13.  Loads Automatically Disconnected from Emergency
System during Power Outage

Load'No. Description                                    hp
...

PM- 10 Heating and Ventilation Unit Fan (North)              5
PM-1.1 Heating and Ventilation Unit Filter (North)           1/6
PM-12 Heating and Ventilation Unit Fan'.(South)              5
PM-13 Heating and Ventilation Unit Filter (South)           1/6
PM- 36 Data Logger Re'frigeration Compressor 1.5

PM-75 Vapor Extractor 0.75
PF-33 Cooling Tower                                      10
PM- 171 Silicone Pump 1                                  15
PM- 172 Silicone Pump '2                                                       15
PM-.56* Auxiliary Boiler Feed Water Pump                 40
PF-30** Fuel Cycle Facility Emergency Feeder

*PM-56 operation on standby service is rejected; however, ,starting is
permitted under normal operation.

**See Table 15 (Emergency Power System loads applied to 200-kW
Diesel-generator).
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In the original design of the emergency power system, the
400-kW diesel-generator unit served all the emergency loads in the Reactor
Plant, Power Plant, Sodium-Boiler Plant, Laboratory and Service Building,
and Yards (see Fig. 20).  In the event of failure of the 400-kW unit to op-
erate, the 100-kW diesel-generator unit was arranged to assume auto-
matically the ,critical loads on motor-control center R2.

With the gradual addition of loads to the emergency system as
time went on, it became apparent that optimum utilization of the diesel-
generator units was not being realized, since the 100-kW unit would
normally be unused during an emergency condition in which normal elec-
tric power is lost. Therefore, to improve the utilization of the emergency
power-generating equipment, the design was revised to provide for the
100-kW unit to supply power to motor-control center R2 immediately upon
sustained loss of the normal electric power supply. Further, if the 100-kW
udit should fail to operate, the motor-control center R2 loads will be picked
up automatically by the 400-kW unit; the revision also includes means for
shedding certain nonessential loads from the 400-kW unit before picking up

-      the critical motor-control center R2 to prevent overloading the 400-kWunit.

The application of emer'gency loads to the diesel-generator units
in time-delayed steps (instead of all at once) was incorporated in the design
to prevent the dropout of loads due to excessive drop in generator terminal
voltage and consequent voltage drop on the contactor coils of starters dur-
ing the motor starting periods.

The following listed Cases illustrate the design objectives and
operational functions of the 100-kW and 400-kW emergency diesel-generator
units in the 480-V emergency power system.  All of the events indicated,
namely, diesel-generator set starting, circuit-breaker closing, or circuit-
breaker tripping, are .accomplished.automatically. The devices and circuits
involved are shown in Figs. 57, 58, and 59 (see pp. 178-180).

Case I

Assumed Conditions
1.   Loss of voltage on 480-V emergency switchgear bus and motor-

control center (MCC) R2 bus.
2.   No voltage on MCC Rl-A (normal bus).
3.   100-kW and 400-kW diesel-generators start and come up to rated

voltage within approximately 50 seci

Equipment Response
1.   MCC Rl to MCC R2 tie breaker 15C trips.
2.   480-V main switchgear breaker 3B trips.
3. 400-kW generator connects to 480-V emergency switchgear

(breaker 3D closes).
4. 100-kW generator connects to MCC R2 bus (breaker lA c-loses).
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Case II

Assumed Conditions
1.   Loss of voltage on 480-V emergency switchgear and MCC RZ

busses.
2.   No voltage on MCC Rl-A (normal bus).
3.   100-kW and 400-kW diesel-generators start and come up to rated

voltage within approximately 50 sec, but the ·100-kW diesel-
generator fails to continue operating.

Equipment Response
1.   MCC Rl to MCC R2 tie breaker 15C trips.
2.   480-V main switchgear breaker 3B trips.
3. 100-kW generator connects to MCC R2 bus (breaker lA closes)

and 400-kW generator connects to the emergency switchgear bus
(breaker 3D closes).

4.   On failure of the 100-kW diesel-generator, the 100-kW generator
. is disconnected from MCC R2 (breaker lA opens).

5. After approximately 50 sec, MCC Rl to MCC R2 tie breaker 15C
'             recloses. This places MCC R2 loads on the 400-kW diesel-

generator. Excess loads on the 400-kW unit will be· shed as

»                           preselected.
6.   In the event the 100-kW diesel-generator restarts (automatically

or manually), it will not reconnect to MCC R2 bus. Manual opera-
tion is required for further control of the loads.

Case III

Assumed Conditions
Loss of voltage on 480-V emergency switchgear only.

Equipment Response
1. 480-V emergency switchgear breaker 2B (emergency 'supply feeder

to MCC Rl) trips.
2.   MCC Rl-B breaker 16A (emergency supply feeder to MCC Rl)

trips.
3.   MCC Rl bus tie breaker 8A closes.  MCC Rl-B (emergency bus)

and MCC R2 are energized from the normal source via MCC Rl-A
(normal bus).

4. 100-kW diesel-generator sta,rts and comes up to rated voltage, but
does not connect to MCC R2 bus.

5. 400-kW diesel-generator starts and corries ilp to rated voltage.
6. 480-V-main switchgear breaker 3B trips.
7. . 400-kW generator connects to 480-V emergency switchgear bus

(breaker 3D closes).

Case IV

Assumed Conditions
Loss of voltage on MCC R2 bus only.
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Equipment Response
1.   MCC Rl to MCC R2 tie breaker 15C trips.
2. 100-kW diesel-generator starts, comes up to rated voltage and

connects to MCC R2 (breaker lA closes).

Case V

Assumed Conditions
1.   Loss of voltage on 480-V emergency switchgear and MCC R2.
2.   No voltage on MCC Rl-A (normal bus).
3. 400-kW diesel-generator starts and comes up to rated voltage.
4. 100-kW diesel-generator fails to start or to come up to rated

voltage within approximately 50 sec.

Equipment Response
1.   MCC Rl to MCC R2 tie breaker 15C trips.                   '
2.   480-V main switchkear breaker 3B trips.
3. 400-kW generator connect to 480-V emergency switchgear bus

(breaker 3D closes).
4. After approximately 50 sec, MCC Rl to MCC R2 tie breaker 15C

closes. This places MCC R2 loads on the 400-kW unit. Excess
loads on the 400-kW diesel-generator will be shed as preselected.

5.   In the event the 100-kW diesel-generator starts after approximately
50 sec, it will not connect to MCC R2 bus. Manual operation is re-
quired for further control of loads or for shutdown of the unit.

The following examples provide a detailed description of the
theory of operation of the automatic transfer scheme to provide 480-V
emergency power for the critical emergency loads on motor-co'ntrol center
R2 from (Example A) the 100-kW diesel-generator unit, or (Example B)
from the 400-kW unit in the event of failure of the 100-kW unit. The devices
and circuit actions described are shown in Figs. 57, 58, and 59.

Example A

a)   Assume that the 100-kW diesel-generator is in standby and that the
normal electric power supply is lost.

b) Initial circuit conditions:
1.   Breaker 15C in MCC-Rl is closed.
2. 100-kW generator 1Sreaker lA is open.
3. 100-kW generator "MAN-STANDBY-OFF" selector switch

CS/GEN is in the "STANDBY" position; its No. 2,4, and 8
contacts are closed; its No. 1, 3, 5, 6, and 7 contacts are open.

4.   Breaker 15C control switch CS is in its "normal-after-close"
position; its No. 2 and 3 contacts are open:  its No. 5 and
10 contacts are closed.

5.   The voltage on the MCC-R2 bus is zero; a.c. time-delay re-
lays 27, 62D, 62L and 62T are de-energized and start to time

z  out. (Relay 62T contact in series with CS/GEN contact No. 4
is closed.)
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6. Time-delay relay 62GV and auxiliary relay 59X are de-
energized. (Relay 62GV TDO contact is open And its TDC
contact is closed.)

c)   The circuit actions that follow automatically to delivery 480-V
power to the·MCC-R2 bus. are as follows (all time delays indicated ar·e from
the instant of loss of MCC R2 bus voltage):

1.   After 3 sec, relay 27 TDC contact closes and energizes relay
27X; its N.0. contact in the trip circuit of breaker 15C closes,
causing breaker 15C to trip.  The 27X N.0. contact in the trip
circuit of breaker lA also closes.

2.   At the same time, the relay 27 N.O. contact in the 100-kW               -
Diesel Starting Control Circuit opens and initiates cranking of
the diesel engine.

3.   After the generator terminal voltage rises to normal (approxi-
mately 490 V), relay 59 picks up and its N.O. contact energizes
its seal in coil and relay 62GV.

4.   The relay 62GV TDC contact in the trip circuit of generator
breaker lA opens immediately, and the relay 62GV TDO
contact in series with relay 59X closes immediately.

5.   Relay 59X is thus energized and its N.0. contact in the closing
control circuit of generator breaker lA closes to cause breaker
lA to close and deliver 480-V power to the MCC-R2 loads.
(Relay 27 picked up, causing 27X to be,de-energized, opening
its N.0. contacts in the trip circuits of breakers lA and 15C.)

6.   With the closing of breaker lA, its "b" contact de-energizes
59X and 62GV. After one second, relay 62GV TDC contact, in
series with the open 27X contact, closes and the 62GV TDO
contact in series with 59X opens.

7.   Relay 62L picks up before it has timed out and prevehts 94L
from picking up to shed the selected loads, if any.

8.   Relay 62D picks up before it has timed out and prevents 62DX
from picking up.                        -

Example B

a)   Assume that normal electric power supply is lost, the 400-kW
diesel-generator is serving its loads, and the 100-kW diesel-generator is
serving the motor control center R2 loads, when the 100-kW diesel engine
stops as a result of low lube oil pressure, water overtemperature, over-
speed, or other reasons.

b) Initial circuit conditions:
1.   Breaker 15C in MCC-Rl is open.
2. 100-kW generator breaker lA is closed.
3. 100-kW generator "MAN.-STANDBY-OFF" selector switch is

in its "STANDBY" position; its No. 2,4, and 8 contacts are
closed; its No. 1, 3, 5, 6 and 7 contacts are open.

I          .

--:\
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4.   Breaker 15C control switch CS is in its "normal-after-close"
position; its No. 2 and 3 contacts are open; its No. 5 and 10
contacts are closed.

5.   The voltage on the MCC-R2 bus is zero; a.c. time-delay relays
27, 62D, 62L, and 62T are de-energized and start to time out.
Relay 59 is de-energized.

6. Time-delay relay 62GV had been timed out, since its coil is
ih series with a "b" contact of breaker lA.  For the same
reason, the seal-in coil of relay 59 is de-energized.

c)   The circuit actions that follow automatically to deliver 480-V
power to the.MCC-R2 bus are as follows (all time delays indicated are from
the instant of loss of 100-kW generator terminal voltage):

1.   After 3 sec, relay 27 TDC contact closes-and energizes relay
27X; its N.0. contact, in series with the already closed 62GV
TDC contact, closes to cause breaker lA to trip.  At the same
time, the 27X N.0. contact in series with CS/GEN c'ontact
No. 4 (in the trip circuit of breaker 15C) has closed; note that,
although the relay 62T contact is closed, the trip coil is de-
energized because of the open "a" contact of breaker 15C.

2.  After 40 sec, the relay 62T contact opens, thus dis conndcting
battery "+" line from the trip coil of breaker 15C.

3.   After 48 sec, relay 62L TDC-contact closes and causes shed-
ding of loads from the 400-kW generator via relay 94L, as
preselected.

4.   After 50 sec, relay 62D,· TDC contact closes and energizes
relay 62DX; the N.0. 62DX contact in the closing circuit of
breaker 15C closes and causes breaker 15C to close and
energize the MCC-R2 bus and the loads thereon from the
400-kW diesel-generator.

5.   The following circuit changes then occur:
a.   Relays 62T, 27, 62L, and 62D are energized.
b.   The 1-sec time delay on pickup of relay 62T prevents its

open contact from closing before the 27X contact in the
trip circuit of breaker 15C has opened.

The 400- and 100-kW diesel-generator units are located on the
first floor of the,Power Plant Building (see Fig.  6).

The diesel engines are full-compression ignition engines capable
6f starting cold from the heat of compression and operating on No. 2 fuel
oil without the need of auxiliary heating devices. Exhaust from the engines
passes through exhaust silencers connected to the engines by flexible con-
nections and is vented to the outside.  Each is equipped with a radiator and
a belt-driven fan for cooling. The cooling air is taken from inside the
building and blown through the radiator and a duct to outside of the building.
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Relays, indicating lights, pushbuttons, and associated circuits
are included ob an automatic start panel (see Fig. 46) for each diesel-
engine. The automatic start cycl-e is initiated when loss of normal voltage
occurs. The start circuits incorporate engine crank and rest cycles with
an automatic overcrank lockout and alarm at the end of 90 sec. The crank
and rest periods are each adjustable up to 30 sec. Alarms are provided
for high water temperature, low oil pressure, and overspeed.

A generator field cubicle (see Fig. 46) is located adjacent to
each diesel-generator unit. Each cubicle includes a manually operated
generator air circuit breaker, a field rheostat, a field-disconnect switch
and discharge resistor, a voltage regulator, and indicating meters.  A
storage battery and charger is located at each unit to supply power to the
stirting niotors.

A summary of ratings and related data for the 100-kW and
400-kW diesel-generator units are given in Table 14.

TABLE,1'4. 100-kW and 400-kW Diesel-generator Units--Ratings and Related Data .

400-kW Diesel-generator

Engine: Type Waukesha Motor Model VLRDBS
12 cylinder, 1200 rpm

Brake horsepower 590 BHP continuous

(5100 ft altitude) 650 BHP emergency full load
Fuel consumption--i load 0.7 3  lb/kW  hr

lload 0.67  lb/kW  hr
full  load 0.675 lb/kW  hr

Generator: Kato Engineering Co. Model 400 MPS6
1200 rpnn
rated for 5100 ft altitude
480 V, 3 phase, 60 cycle
wye connected
500 kVA, 0.8 power factor
18% transient impedance
9  % subtransient impedance
40'C continuous temperature rise

Exciter:          · Kato Engineering Company
Model 45XUG2
5 kW, 125 V d.c.
direct connected

Governor: Woodward Governor Co.
Type UG-8 governor and
solenoid shutdown device

Battery: NIFE Inc., nickel-cadmium
battery, Type KB- 18,  36 V,
185 A-hr at 8-hr -

rate to 1.14 V per cell
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TABLE 14. (Contd.)

Battery' charger: La Marche Manufacturing Co.,
constavolt Type A-5, 36 V, 10 A

100 kW Diesel-generator

Engine: Type Wauke sha Motor Model WAKDB -7 E
6 cylinder,,1800 rpm

Brake horsepower 160 BHP continuous
(5100 ft altitude) 175 BHP emer*ency full load
Fuel consumption--i load 0.84  lb/kW  hr

% load 0.7 6  lb/kW  hr
full load 0.745 lb/kW hr

Generator: Electric Machinery Manufactu-ring Co.
Serial No. 1P01231
1800 r.pm
rated for 5100 ft altitude
480 V, 3 phase, 60 cycle
wye connected
125 kVA, 0.8 power factor
19% transient impedance

-11% subtransient impedance
50'C continuous temperature rise-armature
60°C continuous temperature rise-field

Exciter: Electric Machinery Manufacturing Co.
Frame HC-2
direct connected

Governor: Woodward Governor Co.
Type SG

Battery: NIFE Inc., nickel- cadmium
battery, Type KB-8, 24 V,
82 A-hr at 8-hr rate to
1.14 V per cell

Battery charger: La Marche Manufacturing  Co.,
constavolt Type A-5, 24 V,
10 A

The emergency loads in the Fuel Cycle Facility are automati-
cally applied to the emergency 200-kW diesel-generator unit (see Table 15).
Whenever the normal power supply is lost, feeder circuit breaker lA in the
480-V emergency switchgear (see Fig. 57) is automatically tripped and
locked out.

Table 16 shows the nameplate data of the 200-kW diesel-
generator unit.
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TABLE . 15. Emergency Power System Loads Automatically
Applied to 200-kW Diesel-generator

Delay
Sequence

Load No. Description                            hp          (sec)

FM- 56 Stack Exhaust Fan 1                           60           0
FM-58* Stack Exhaust Fan 2                           60           0
FM- 66 Emergency Instrument Air Compressor      3            0
'FF- 67 Instrument Power                          10          0
FM-14 Sodium Cleanup Exhauster 40         2
FM- 15 Suspect Exhaust Fan 1                       60           1
FM- 16 Suspect Exhaust Fan 2                       60           1
FM-43 Sodium Cleanup Pump                       2          0
FM-116 Freight Elevator                               5           0
FF-18 Emergenc-9 Lighting                                                  1 5                     0
FF-23 Stack Feeder 4.5                0                      p

*Standby operation--only.one motor for this service will operate at one
time.

TABLE 16. 200-kW Diesel-generator Unit--Nameplate Data

Generator

_ Diesel Engine
General Motors MOD 12201 General Electric Type AT1
Unit No.  12- 1249 No. 6784431

Equipment Type 250   kVA
Gear Box 32                         1200 rpm                             -
Generator Battery 55                Form BL
Cover Rocker 14 220/440 V
Shutoff or Alarm SL- 100 656/328 Armature Amperes
Starting Motor SL- 102 0.8  pF
Throttle Control SL- 101 - 200 kW
Engine Base 61 3-phase, 60 cycle·
Twin-671 1600 rpm 125 V, Exciter
Power. Transfer Gear 22.4 A, Field

Part No. 5172721 Frame 965Z
Ratio 1.33 to 1.0 Temperature Rise 50'C Continuous
Serial No. SS1172
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8. Motor-control Centers

The 480-V plant auxiliary loads are fed mainly from motor-
control centers designated Pl,,P2, Rl, R2, R3, Sl, and Fl (see Fig. 20).
These cbntrol centers, with the exception of R3, have two busses and a
bus-tie breaker. Motor-control centers Pl, Rl, Sl and Fl have a "normal"
and "emergency" bus section, and a normally open, electrically operated
bus-tie breaker. As previously indicated, their "normal" bus sections:are
fed directly from the 480-V main switchgear -while the "emergency" bus
sections are fed from the 480-V main switchgear via the 480-V emergency
switchgear.  Both bus sections of motor control center P2 are fed directly
from the 480-V main switchgear; the bus-tie breaker is manually operated
and is normally open. Power is  fed to motor- control center R2  via a
branch feeder on the "emergency" bus section of motor-control center Rl.

The  arrangement of compartments comprising the motor- control
centers in the Power Plant Building are shown in Figs. 47 through 52.

Each control center consists of vertical sections with compart-
ments joined together to form a NEMA Class I, Type B, metal-enclosed,
rigid, floor-mounted, indoor assembly. The control centers are of back-
to-back construction, except for R2, which is assembled in a single row.

The -main horizontal busses in all motor-control centers  are
rated 600 A continuous, except for motor-control center P2, which is rated
1000 A. Distribution of power to individual control units is by 300-A, silver-
plated vertical busses. Busses and all main current-carrying parts in the
motor-control centers are braced to withstand 25,000 rms amperes short-
circuit current. A copper ground bus extends the full length of each motor-
control center.

The assemblies of motor-control centers (except for Sl and
Fl) are equipped with incoming-line current-limiting reactors (see
Fig. 60, p. 181) to limit the short-circuit currents to values permitting
the use of less expensive circuit breakers (with lower interrupting ratings)
and other components than would otherwise have been required.  A sep-
arately mounted current-limiting reactor is installed in the incoming-line
feeder to the "normal" bus section of motor-control center Fl.

The motor-control centers are equipped with cornbination
starters or circuit breakers rated for the loads being served.  The
smallest circuit breakers used have a minimum short-circuit interrupting
rating of 15,000 A, except for those in motor-control center PZ, which have

_    a minimum rating of 25,000 A. Each starter is provided with an individual
480-120-V control transformer.
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Motor- control- center compartments containing a combination
starter have a red pilot light mounted on the compartment door. The light ON
indicates that the load is energized.

In addition to the motor-control centers described above, nu-
merous control centers and distribution cabinets are provided throughout
the Facility for supplying power to individual lighting circuits, small motors,
and other loads.

9. Continuous 120-V A. C. Power Supply System

The continuous power supply system provides voltage- and
frequency-regulated single-phase power:  120 V (11%), 60 cycle (+ 1 cycle),
for essential nuclear and process system instrumentation and control.  The

system consists of a power magnetic amplifier (rectifier) that feeds a 240-V
d. c. bus. Connected tothe bus are one 25-hp d.c. motor-15-kW a.c. gen-
erator, 0.8 power factor, 1800-rpm M- G set for the nuclear instrumentation
and control system, and one 30-hp d. c. motor-20-kW a.c. generator, 0.8
power factor, 1800-rpm M·-G set for the process instrumentation and control

system.  A 240-V battery is "floated" on the bus to provide uninterrupted
operation of the M-G sets in the event of loss of a.c. power supply to the
power rectifier. A 50-kVA, 480-120-V, single-phase, 60-cycle double-
secondary reserve or auxiliary transformer provides power directly from
the plant electric power system in the event that the continuous power supply
units are out of service for maintenance or repair.

The continuous power supply equipment is a package unit (see
Fig. 53) housed in a metal enclosure located in the cable routing room (see
Fig. 5) in the. Power Plant. Controls and instrumentation are mounted on
front panel sections of the enclosure; voltmeters and frequency meters for
the two generators are duplicated on the Utilities Control Panel (see Fig. 55)
in the Main Control Room.  The 240-V floating battery is located in the
battery room adjacent to the cable routing room.

The battery provides for emergency full-load operation of the
two M-G sets for approximately 30 min or for a correspondingly longer
duration under reduced load. Extended battery operation is achieved by
dropping continuous power loads, except the more critical loads fed from

panels lA, 2A, and S4 after the first 15 to 20 min of battery operation (see
Fig. 54).  This load shedding is accomplished by contactorscontrolled by
manually operated key switches on the control room console.

10. Power and Control Cables

The cables used for power distribution are mainly 1000-V and
600-V, stranded, tinned-copper, round, single-conductor and thr&e-conductor
cables covered with corona-, ozone-, moisture- and heat-resistant, rubber
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compound insulation. The 1000-V cable has an outer sheath of oil-resistant,
therrnoplastic polyvinylchloride composition suitable for a minimum tem-
perature of 80'C; the temperature rating of the copper is 85'C. The outer
jacket on the 600-V cables are generally either polyvinychloride or neoprene
suitable for 75'C operation.                                                               F

When high-temperature operation, small cable diameter, and/or
flexibility were requirements of the design, special cables were specified
for power and control circuits: these consisted essentially of (1) "KEL-F"
cables, insulated for 1750C copper operation, with a polyvinychloride jacket
suitable for 105°C ambient, (2) silicone-rubber-tape-insulated cables with
asbestos braid jacket for 1250C operation, and (3) glass-insulated cables for
high-temperature applications such as heater-terminal connections.  The
application of the first two cable types are principally inside the Reactor
Plant or in the cable tunnel between the Power Plant and Reactor Plant,
where the cables are connected to the bulkhead-type pressure connectors
in the Reactor Building Containment shell.

Conductor sizes were specified for the design in accordance
with the National Electrical Code. Multiconductor cables used in the design
are color coded to aid in making terminal connections and tracing of circuits.

----»
11. Control Panels              /

The 480-V main-switchgear incoming-line circuit breakers are
controlled from the Main Control Room panels E-5 and E-7 (see Fig. 22),
and the branch-feeder circuit breakers are controlled from panel E-1 (see
Fig. 56). Selector switches, "start" pushbuttons, indicating lights, and in-
strumentation for the 100-kW and 400-kW emergency diesel-generator units
are mounted on panel E-1.

'I

A permissive control switch for each of the 480-V incoming-
line circuit breakers is mounted, on the 480-V main switchgear (see Fig.  9)
together with incoming-line ammeters, 4 bus voltmeter, and protective
relays.

The branch circuit breakers of the 480-V emergency power
system are manually operated at the switchgeal (see Fig. 10). A permis-
sive control switch for the 400-kW generator breaker, breaker-position
indicating lights, and protective relays are mounted on the switchgear.

The cont·rol stations for the numerous loads served by the motor-
control centers are located locally ay the respective load and/or on the
motor-control center.
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12. Protective Relaying and Circuit-breaker Coordination

The design of the 480-V electric power system includes the ap-
plication of circuit breakers in series which are so coordinated as to pro-
vide selective overcurrent tripping,  i.e., to provide for the automatic opening
of the circuit breaker nearest the fault, without other circuit breakers
opening.

The arrangements of circuit breakers, busses, andprotective re-
lays in the 480-V emergency power system and in the'480-V main or normal
power system are shown in the single-line diagrams of Figs. 57 and 60,
respectively. The circuitries of the protective relaying and control schemes
for these systems are shown in Figs. 58, 59, and 61.

The 480-V main-switchgear incoming-line circuit breakers (see
Figs. 60 and 61) are not equipped with series tripping devices; instead, a
set of three directional overcurrent relays (67) connected to receive the sum
of currents flowing into the 480-V bus provides protection against bus faults
and backup protection for the branch circuit breakers (see Table 17).  To
achieve coordination between the directional overcurrent relays (67) and the
branch circuit breakers, instantaneous overcurrent relays (50) are connected
to prevent operation of the directional overcurrent relays unless the current
is large enough to cause the branch circuit breakers to be tripped by their
short-time-delay elements.

TABLE 1·7. Bus-fault Protective Relays for the 480-V Main Switchgear

Relay
Location on Device

Feeder Switchgear No. Quantity Relay Type Function

Incoming line·No. 1 Unit No. lA    32         1 Instantaneous directional Trip incoming
(transformer No. 5) power, Type 12CCP 13DlA line No. 1 breaker

via device 62

Incoming line No. 1 Unit No. lA    67 3 Inverse time and instan- Trip incoming
(transformer No. 5) taneous directional over- line No. 1 and
and incoming line current, Type 12IBC51EIA No. 2 breakers
No. 2 (transformer via device 86
No. 6)

Incoming line No. 1 Unit No. lA      62            1        D. C. timing relay, Type Auxiliary to
12RPM13A12A device 32

Incoming line No. 1 Unit No. lA '50 1 Instantaneous overcurrent Energize relay\and No. 2 similar to Type 1 2 P J C 3 1 C 6 7A device 67

Incoming line No. 2 Unit No. 6A     32           1 Instantaneous directional Trip incoming
(transformer No. 6) power, Type 12CCP13DlA line No. 2 breaker

via device 62

Incoming line No. 2 Unit No. 6A    62         1 D.C. timing relay Auxiliary to
device 32

Individual instantaneous directional power relays (32) are pro-
vided to trip either of the incoming-line circuit breakers if power should
flow from the 480-V bus toward the 13.8-kV bus. These relays are set to
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pick up on very low power in the reverse direction, and timing relays (62)
are therefore used to provide some delay before a reverse power relay
trips the respective incoming-line circuit breaker.

1

The 400-kW generation breaker 3D (see Figs. 57 and 59) has no
instantaneous or short-time-delay tripping devices. Although the breaker

is equipped with a long-time-delay element, it is given its maximum setting
to prevent tripping under any overload conditions. Generator-overload

protection is provided by overcurrent relays with voltage restraint (51V)
which will allow the generator to be operated at 133% of its rating c6ntinu-
ously provided that the generator terminal voltage is normal. Under fault
conditions· the voltage will be reduced and the relays will operate at lower

\currents to protect the generator.

The branch circuit breakers in the 480-V main and emergency
switchgear assemblies should coordinate with the molded-case branch
circuit breakers on the motor-control center busses and the 480-V lighting
distribution center bus (see Figs. 20,57, an. d 60). The molded-case circuit
breakers are equipped with thermal long time and magnetic instantaneous

tripping devices.

The series tripping device settings of the branch circuitbreakers
in the 480-V main switchgear and 480-V emergency switchgear are shown in
Tables 18 ahd 19, respectively.

TABLE 18. T-ripping Device Settings for 480-V Main Switchgear

Tripping Device Settings
Trip Coil Long Time Delay Short Time DelayACB Continuous

No. Service Current Rating, A Pickup Time Band Pickup Time Band

2A E- 2 Lighting 600 100%  600 A Intermediate 500% 3000 A Minirnurn

Distribution
Center

2B MCC P2-A 1000 100% 1000 A Intermediate 500% 5000 A Minimum
Power Plant

2C MCC Rl 600 100%  600 A Intermediate 750% 4500 A Intermediate

Reactor Plant

3A MCC Pl 400 100% 400 A Intermediate 500% 2000 A Minimum
Power Plant     ' 

3B ·E- 1 Emer- 1000 140% 1400 A Intermediate 750% 7500 A Maximum

gency
Switchgear

3C MCC PZ-B 1000 100% 1000 A Intermediate 500% 5000 A Minimum
Power Plant

4A MCC ·R3 400 160%  640 A Intermediate 1000% 4000 A Minimum
Reactot Plant

4B Laboratory 400 160%  640 A Intermediate 1500% 6000 A Instantaneous

Bus Ducts
B and D

4C MCC Fl-A 600 - 160%  960 A Intermediate 1000% 6000 A Minimum
Fuel Cycle
Facility
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TABLE 18. (Contd.)

Tripping Device Settings -/I
Trip Coil

Long Time Delay Short Time Delay
ACB Continuous
No. Service Current Rating, A Pickup Time Band Pickup Time Band

5A MCC Sl-A 400 100%  400 A Intermediate 500%'2000 A Minimum

Sodium-Boiler
Plant         '

5B Bus Duct in 600 100%  600 A Intermediate 500% 3000 A Minimum

Fuel Cycle
-                                       Facility

5C Primary-tank 800 100% 400 A Intermediate 1000% 8000 A Instantaneous

Immersion
Heaters

,                   TABLE 19. Tripping Device Settings for 480-V Ernergency Switchgear

Tripping Device Settings
Trip Coil Long Time Delay Short Time Delay

ACB Continuous
No. · Service Curren€ Rating, A Pickup Time Band Pickup

' Tirne Band

lA MCC Fl-B 600 160%  960 A· Minimum 750% 4500 A Minimum

Fuel Cycle
Facility                 ·

1B Laboratory 400 100% 400 A Minirnurn 500% 2000 A Minirnurn

1C No ACB

lD No ACB

2A Spare ACB 400 160%. 640 A Minimum 1000% 4000 A Minimum

2B MCC R l-B 600 160%    . 960 A Minimurn 750% 4500 A Intermediate

Reactor Plant

2C MCC Pl-B· 400 100% 400 A Minimum 500% 2000 ·A Minimuir

Power Plant

ZD   E-2 Ligliting 6o 0 100%  600 A Minimurn 500% 3000 A Minimum
Distribution                                  , -·
Center

3 400-kW 600 160%  960 A Intermediate No Short Time or Instanta-

Diesel. ., neous Trip Devices
Generator

The 800-A circuit breaker 5C (see Fig. 60) feeding the primary-
tank immersion heaters is provided with an instantaneous trip device; there-
for.e coordination with the molded-case circuit breakers in the distribution
cabinet cannot be assured.

The bus-tie breakers in motor-control cent'ers Pl and Rl (see
Fig. 60) should coordinate with breakers 3A and 26, respectively, in the
480-V main switchgear. The series tripping device settings of the bus.-tie
breakers is shown in Table 20.



94                                               \

TABLE 20. Miscellaneous 480-V Breaker Tripping Device S.etting

Trip Coil Tripping Device Settings
Continuous

Long Time Delay Short Time DelayACB Current
No. Service Location Rating, A Pickup Time Band Pickup Time Band

9A Bus Tie MCC Pl 225 160% 1000% Instantaneous
360 A . 2250 A

8A Bus Tie MCC R 1 400 120% 1000% Instantaneous-                       480 A 4000 A

15C MCC R2 MCC Rl 225 100% 1000% Instantaneous
Feeder 225 A 2250 A

lA 100-kW, MCC R2 150. 160% 1000% Instantaneous
Generator                          240 A 1500 A
Br.eaker

400-kW 400-kW 600 600 A 4800 A'
Generator Generator (20- sec
Breaker Field delay at

Cubicle 3000 A)

The emergency bus section for motor-control center Rl is
normally fed via emergency switchgear circuit breaker 2B (see Table 19).
Motor-control center Rl branch feeder breaker 15C (see Table 20 and
Fig. 57) feeds .motor control center R2. Breaker 2B settings provide co-
ordination with the 200-A branch breakers on motor-control center R2 and
the 150-A branch circuit breakers on motor-control center Rl; however,
there will be the possibility of simultaneous tripping with breaker 15C for
fault currents below alpproximately 3000 A (see Fig. 66). Fault currents of
this low value could probably occur only when the 400-kW diesel-generator
is. serving motor-control center R2. This, however, assumes the unlikely
conditions in which the normal power supply has been lost and the 100-kW
emergency diesel-generator unit has failed to operate; under such circum-
stances a fault anywhere between the 400-kW generator and motor-control
center R2 would result in sustained loss of power for motor-control center
R2.

Typical overcurrent coordination curves for the EBR-II power
system are shown in Figs. 65 and 66.

F. Station Battery and 125-V D. C. Distribution System

1. General

The 125-V station battery and d. c. distribution system (see
Fig. 62) is an ungrounded system. A 16-circuit, 125-V d.c. distribution
panel located in the cable routing room (see Fig. 5) provides control powerfor electrically operated air circuit breakers, isolation valves, emergency
lighting, and essential turbine-generator 'auxiliaries and controls.

-
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2.   Battery and Battery Charger

The 125-V station battery is a 60-cell lead-plate storage battery
with a discharge capacity of 40 A for 8 hr or 430 A for one minute to 1.75 V
per cell at an ambient temperature of 77'F. The battery is an Electric
Storage Battery Co.  Type EMP- 17, Exide-Manchex battery with seventeen
(17) Plante positive plates per· cell.                                                                              -

When fully charged the specific gravity of the electrolyte is
1.200 to  1.220 at 77'F, and the voltage is approximately 2.15 V per cell,
giving a battery voltage of approximately 129 V.

The station battery and the continuous power supply system
battery are installed on battery racks in the battery room (see Fig. 5).  The
arrangement of this room provides for ease of battery servicing and for ad-
equate ventilation. There are no receptacles installed inside the room, and
all lighting fixtures are of the explosion-proof type.

An Electric Products Co. Model "UR" rectifier (silicon diode)
battery charger with a maximum rated output of 12 A d. c. at 120-140 V
maintains the 125-V station battery in a fully charged condition. The charger
supplies the essentially constant d.c. load current plus a battery trickle
charging current. A manually operated timer'located on the charger is pro-
vided for placing the battery on an equalizing charge at the periods desired.

3.   Metering and Annunciation

An ammeter and voltmeter located on the battery charger pro-
vide indication of the charger output. Indication of the load current is pro-
vided by a second ammeter located adjacent to the charger and connected to
a shunt in the main feed to the d. c. distribution cabinet. The battery charg-
ing or discharging current can be determined readily from these ammeter
readings.

A ground develdping anywhere on the d. c. system will be an-
nunciated on Control Room Panel E- 1 and will be indicated by ground-          -
indicating lights  on the  d. c. distribution cabinet. Low battery voltage (below
100 V) is also annunciated on Panel E- 1. A separate bell sounds an alarm
for a loss of a.c. power input to the battery charger or for a blown fuse at
the charger output.

4.   Emergency 125-V D.C. Battery Source

In case the station battery is damaged or lost, its load can be
transferred for emergency operation to a 125-V tapped section of the con-
tinuous power system 240-V battery. A manually operated transfer switch
is provided for this purpose (see Fig. 62).
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G. Short-circuit Study

The short-circuit currents required to establish relay settings and
circuit-breaker coordination for the EBR-II electrical system (see Fig. 20)
were calculated with the use of the net-per-unit imepdance values on a
100-MVA base, as shown in Fig. 63.. The short circuit current and MVA
values shown are 3-phase, symmetrical, balanced, values.

The impedance of the fault is assumed to be zero in all cases.  Sub-
transient reactance values, X"d, of rotating machines are used.  The sub-
transient reactance of 2300-V and 440-V motors are assumed to be
20 percent and 25 percent, respectively. Cable and bus impedances are
neglected in the calculation of fault currents at the 13.8-kV, 2400-V, and
480-V main busses, whereas reactance and/or resistance values are in-
cluded in the calculations involving power feeders in the 480-V system.

Table 21 lists the system elements and per unit impedance values
used in the short-circuit calculations for the 13.8-kV, 2400-V, and 480-V
main busses.  The per unit values on a 100-MVA base are shown in the
impedance diagram (see Fig. 64) made for calculation of a 13.8-kV system
fault.

TABLE 21. System Impedances

Per Unit X on Per Unit X on
Rated System Element Rated kVA Base 100 MVA Base

138-kV system 1.0 0.37
25600-kVA Generator 0.16 0.625
12000-kVA Transformer 0.09 0.75
2500-kVA Transformer     · 0.055 2.2

2000-kVA Transformer 0.1175 5.9
3000-kVA 440-V Motors 0.25 8.35
5000-kVA 2400-V Motors 0.2 4.0

480-V Current-limiting Reictors 0.13 5.65

The series and parallel combinations of impedances in the diagram
combine to give an equivalent per unit impedance of 0.314 at the fault, from
which the short-circuit current I and MVA are calculated:SC

108
Isc =                         =  13,350 rrns amperes (symmetrical); -

13,800 JS 0.·314

13,800 JI 13,350MVA = = 319 MVA.
106
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Typical overcurrent coordination curves for the electrical system
are shown in Figs. 65 and 66. Since the short-circuit current value at any
system voltage is directly proportional to the short-circuit MVA, the ab-
scissas of the curve-s are expressed in mVA. Amperes per MVA referred.-

to 13.8 kV, 2400 V, and 4800 V are 41.8, 240, and 1200 A, respectively.

H. Annunciation

Multiwindowed annunciator cabinets are mounted on electrical control

panels E- 1 through E-7 in the Main  Control Room, except for Synchronizing
Panel E- 6.

These provide visual and audible alarms when an important part of
the electric power system is in an " off-normal" condition and also when
the "off-normal" condition returns to "normal." The visual alarms employ
both flashing and sustained illuminated windows, which are marked to identify
the "off-normal" condition.

The annunciator cabinets have an audible automatic ringback operat-

ing sequence in which the "off-normal" visual alarms are white lamps
flashing behind the corresponding annunciator windows. The audible alarms

are, provided by a bell.

Each control panel is provided with three pushbuttons:  "Test,"
"Reset," and "Silence. " In addition, the Control Console is equipped with
a master silence pushbutton which may be used to silence any annunciator
in the Control Room, except the Control Console annunciator.

*
An "off-normal" condition covered by an annunciator causes the

alarm to sound and the window or windows associated with the "off-normal"

point to flash.  When the "Silence" button is pushed on the panel containing
the flashing window, the sound will shut off and the window will be contin-

uously lighted. After the "off-normal" condition has been corrected, a bell -
will ring and the window will start flashing again. The flashing will con-
tinue until the "Reset" pushbutton is depressed.  Then the window light will            .
go off.

The "Test" pushbutton is used to check for lamp burnout.  When this
pushbutton is depressed all windows become lighted, except those with a

burned out lamp.

The following is a list of the major electrical alarms showing the
legends as appearing on the annunciator windows:

480 Volt Panel E-1

Emerg. Sw'gr. E-1, Feeder Trip
Emerg. Lighting Dist. Ctr. E-2 Ftr. Trip
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Power Plant MCC P- 1 Trip
Power Plant MCC P-2A Trip
Power Plant.MCC P-2B Tr.ip                                          '
Reactor Plant Feeder Trip
Primary Tank, Immersion Heater  Trip
Sodium Boiler Bldg. Feeder Trip
Fuel Cycle Process Feeder 1 Trip
Fuel Cycle Process Feeder 2 Trip
Laboratory Feeder 1 Trip
Fuel Handling and Sodium Purif. Feeder Trip
125 Volt D. C. Station Battery, Low. Voltage
125 Volt D. C. Battery Bus Grounded
Rod Drive Power Off
400 KW Diesel Gen Fail to Start
400 KW Diesel Gen 480 V Circuit Bkr. Closed
400 KW Diesei Gen Water High Temp.

-

400 KW Diesel Gen Oil Low Press.
400 KW Diesel Gen Ov6rspeed
100 KW Diesel Gen Oil Low Press.
100 KW Diesel Gen.Overspeed

,      100 KW Diesel Gen Fail to Start
100 KW Diesel Gen 480 V Circuit Bkr. Closed

.

100 KW Diesel Gen Water High Temp.
480 Volt Emergency Bus E-1 Undervoltage
480 Volt Emergency Bus MCC R2A Undervoltage

2400 Volt Panel E-2

Rrimary Sodium Pump 1 Feeder Trip
Primary Sodium Pump 2 Feeder Trip
Pipe Induction Heating Feeder Trip
Sec. Sodium Pump Feeder Trip
Rymp House·1 Feeder Trip
2400 V Bus Undervoltage
2400 V Bus Ground

*

Incoming Lines Panel E- 3

138 KV OCB Trip

Generator Panel E-4

Amplidyne M-G Set Off-Trip

13.8 KV Feeder Panel E-5

Treat Feeder Trip
Transformer No. 5 13.8-KV Primary Trip

0 .

Transformer No. 5 480 V Secondary Trip

-
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Transformer No. 5 High Temperature
Transformer No. 3 13.8 KV Primary Trip
Transformer No. 3 2400 V Secondary Trip
Transformer No. 3 High Temperature
Transformer No. 1 13.8 KV Secondary Trip
Generator 13.8 KV Breaker Trip·
Generator Differential Trip
13.8 KV Bus No. 1 Undervoltage
13.8 KV Bus Section No. 1 Ground
13.8 KV Bus Section. No.  1  Lockout

13.8 KV Feeder Panel E-7

Transforme.r No. 2 13.8 KV Secondary Trip
Transformer No. 4 13.8 KV Primary Trip
Transformer No. 4 2400 V Secondary Trip
Transformer No. 4 High Temperature
Transformer No, 6 13.8 KV Primary Trip
Transformer No. 6 480 V Secondary Trip
Transformer No. 6 High Temperature
13.8 KV Bus No. 2 Undervoltage
13.8 DV Bus Section No. 2 Ground
13.8 KV Bus Section No. 2 Lockout
13.8 KV Bus Tie Trip
Pilot Wire Trip out of Service·

.-

-

<.

I '



100

APPENDIX A

Control Modification for the Reactor Building 75/5-ton Rotary Bridge Crane  to
Prevent Traverse of a Crane Load across the Reactor during Reactor Operation

1.   Introduction

At the request of the Atomic Energy Commission, a system of inter-
lotks was designed and installed in the control circuits of the reactor building
75/5-ton rotary bridge crane to prevent traverse of a crane load across the
reactor during reactor operation.

This requirement of crane operation enhances reactor safety by
reducing the possibility of collision with and damage to the reactor control-
rod mechanism and other vital components mounted on top of the primary
tank.

The crane control scheme as modified (see Figs. A-1 and A-2) pro-
vide the following lidted modes of operation:

a. Restricted Operation.  This mode restricts operation and location
of the crane hoists from the area above the primary sodium tank during re-
actor operation.

b. Administrative Permissive Operation.  This mode of operation
is performed only under strict administrative control, and provides for the
operation and location of the crane hbists in the area above the primary
sodium tank during reactor operation, when authorized.  The key needed to
use this mode of operation is kept in the custody of the control room
operator.

\

c. Unrestricted Operation.  This mode permits unrestricted oper-
ation of the crane whenever the reactor' is shut down.

2.  Description of Controls for' the Three Modes of Operation
(

The following describes the functioning of control circuits as modi-
fied to accomplish the above indicated modes of operation:

a. Restricted Crane Operation

The control circuits for restricted operation of the -crane are
established only when the reactor can be started, i.e., only when reactor
scram relay, CP, is energized (see Fig. A-2). In order for this relay to be
energized, it is hecessary for the crane bridge and trolly to be in the position
indicated in Fig. A-1.



-                        101

The following is a description of the operation of the control
scheme for the restricted mode of crane operation: ..-i

1)   The key-operated Administrative selector switch, SS, is
placed in the "ON" (Restricted Operation) position, the normal position for
this switch. The switch and red indicating light are located in the hinQed
cover of a control box mounted on the wall of the reactor building, adjacent
to the crane power disconnect switch.

\
2)   The position shown for. contacts LS1 through LS5 of the

limit Switches (see Fig. A-2) are for the location of the crane bridge and
trolley as indicated in Fig. A-1.

3)   The closed contacts of limit switches LS1 and LS5 cause
relay coil CX to become energized, and the normally open CX contact in the
scram -string circuit closes, energizing reactor scram relay CP.  (It is
assumed that all the other series contacts in the CP coil circuit were already
closed.) The normally open CP contact then closes and energizes relay

-   Cpl.

4)   Since the crane must be in its predetermined position before.
reactor scram relay CP can be energized, annunciation is provided in the
main control room. It is initiatedwhen the crane is not properly positioned
for reactor startup.

5)   The normally closed CP1 contact opens and de-energizes
relays BX and TX.  This, in turn, causes the normally open BX aild TX con-
tacts to open, thus placing starter contactor coils TF, BCW, and Bccw for
the trolley and bridge travel drives under control of limit switches LS2,
LS3, and LS4, respectively.

6) Limit switch LS2 opens and de-energizes contactor coil
TF, thus stopping the travel of the trolley.when the position of the auxiliary
hoist hook approaches close to the restircted area. Limit switch

I  3 opens
and de-energizes contactor coil BCW, thus stopping the clockwise rotation
of the crane bridge when it approaches close to the restricted area. Sinni-

larly, limit switch LS4 opens and de-energizes contactor coil BCCW' thus
stopping the counterclockwise rotation of the crane bridge when it approaches
close to the restircted area.

b. Administrative Permissive Operation

1)   The key-operated selector switch SS is placed in the "OFF"
position for this mode. of operation.  In this position the SS contact is parallel
with the CP 1 contact (see Fig. A-2) is closed.
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2) This causes auxiliary ·.relays BX and TX to remain energized,
since the parallel contact of the CP1 relay is maintained open as a result of
the reactor being in operation.

1-/

3) With auxiliary relays BX and TX energized, normally open
BX and TX contacts close to bypass limit switches LS2, LS3, and LS4, thus  ,
providing full range operation of the crane while the reactor is operiting. \

c. Unrestricted Operation

In-this mode of operation, the reactor is shut down, and the CP
and CP 1 relays are de-energized. The normally closed CP1 contact main-
tains relays-BX and TX energized, and causes limit switches LS2, LS3, and
LS4 to be bypassed, thus providing unrestircted operation of the crane.

3.  Considerations of Overtravel and Load Swing

The design included consideration of overtravel of the crane bridge
and trolley due to their,moment n and that of the load.  The · swin8 of hoisted
loads was also considered.

Tests were performed with " source coffin," which weighs approxi-
mately 10 tons, to check the design and installation, particularly in respect
to location of the brackets for actuation of.travel-limit switches.

A maximum load swing of 18 in. was measured in the tests.  This
occurred when the bridge was rotated at maximum sp.eed and suddenly
,stopped. The trolley wAs positioned near the end of the bridge,. and the
tests were performed for both clockwise and counterclockwise rotations
of the bridge. Maximum overtrav.el of the'bridge under the loaded con-
dition was found to be 5 in.

It was recognized that crane handling of loads of unusual shape and
size, such as machines, steel beams, floor plates, and long cylinders, mustreceiye special precauti6n and supervision to insure safety.
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APPENDIX B

Transient Stability of EBR-II 20,000-kW Generator*

1. Introduction- 

This report presents the results of. a study whose purpose was to
determine if any hazard to the EBR-II 20,000-kW generator might exist
due to the application of automatic reclosing to either the 138-kV circuit  
breaker inthe NRTS electric power loop or to those in the 138-kV tie be-
tween Scoville and the Goshen station of the Utah Power and Light Company.

\
2. The Problem

Figure B-1 shows the one-line diagram of the system studied.  The
interconnection between the EBR-II generator and the NRTS 138-kV power
loop is indicated, as is the tie to the Utah Power and Light Company.
Table B-1 includes the various sys"tem and EBR-II generator'constants
used in the study. The poiver and reactive loads for each of the substations
supplied from the NRTS loop are given in Table B-2.  (Fig. B-1, and
Tables B-1 and B-2 are based on information supplied by Messrs. Verber
and Koch, Argonne National Laboratory, in letters of October 16 and
November 20,  1961, to J. M. Henderson, of General Electric Company.)

TABLE B -1. System Data

%R %X
./

138-kV Lines
Scoville-SPERT 0.083 0.280
EBR-II--ANP 0.470 1.577
ANP-NRF 0.437 1.469

NRF-MTR/ETR 0.122 0.410

MTR/ETR-CPP 0.051 0.·172

CPP-Scoville 0.061 0.205

Utility System Equivalent 1.120 6.410

EBR-II Step-up Transformers
(2 in parallel) 0.000 7.500

EBR-II Generator  ,
Transient Reactance, X'd · 0.000 31.250

EBR-II Turbine-generator
Inertia Constant, H               '       4.494

NOTE: The above impedances are all expressed in percent on
a 20-MVA base. The turbine-generator inertia constant
is in pergunit on the 20-MVA base.

*By: J. M. Henderson, Electric Utility Application Engineer, Gener.al Elec-
tric Company, Chicago, Illinois--March 19, 1962.

i
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TABLE B-2. Results of Load Flow Study

Load
Volta·ge,

% MW MVAR           Z           8*

Load Buses
EBR-II (13.8 kV) 102.5 2.00 0.98 9.431|26.10°
EBR-II (138 kV)· 100.0
ANP 99.1 2.00 0.56 9.458|15.64°
NRF 98.4 7.50 2.16 2.480116.07°

MTR/ETR 98.3 9.00 2.58 2.063116.00°
CPP 98.3 , 2.00 0.56 9.297,15.64°
Scoville 98.3 1.50 0.42 12.400115.64°
SPERT 98.3 3.00 0.86 6.179 15.989

Generation
(Behind Transient Reactance)

EBR-U 120.8 20.00 15.32

Utility Equivalent 99.2 7.19 1.83

Flows **

MW MVAR

Circuits
Scoville-SPERT 3.00 0.86
EBR-II-ANP 18.00 6.00
ANP-NRF

. .15.92 5.16
NRF

7,4TR/ETR
8.36 2.78

MTR ETR-CPP -0.65 0.19
CPP-Scoville -2.65 -0.37

Scoville-Utility -7.16 -1.65

E B R-I I   (1 3.8-1 3 8 k V) 18.00 7.35

*Eqilivalent shunt impedance per unit on 20-MVA base.
**Indicated flows are measured at the source end, that is, at the first

mentioned bus: Positive flows  are away from the bus.

From Fig. B-1, it is apparent that the analysis required to deter-
mine the effect of automatic circuit-breaker reclosing involves a transient
stability study of a two-machine system--one machine being the EBR-II

' generator, and the second an equivalent representing the generation by the
Utah Power and Light Company. Whether or not automatic breaker re-
closing can be applied without.hazard to the EBR-II generator depends on
the ability of the two machines to stay in synchronism with one another
following a sf-stem disturbance in which transmission tie circuit breakers

(
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are first opened and then reclosed.  A loss of synchronism would result in
severe transient power swings between the EBR-II generator and the utility
system and would, no doubt, result in considerable damage to the EBR-II
unit.

3. Conclusions

The writer has drawn the following conclusions from the results of
this study:

1.   For faults in the NRTS 138-kV loop, automatic reclosing should
not be permitted when the loop is broken, that is, when one of the section'
breakers is open. This follows from the fact that stability between EBR-II
and the utility system is in serious jeopardy following reclosure for cases
where the remaining load on the isolated EBR-II unit is not within a.few
megawatts of the initial load on the EBR-II unit (see case 2).

2. Automatic reclosures on the 138-kV interconnection to Utah
Power and Light Company can also be hazardous to the EBR-II unit.  This
is true in cases where a material unbalance exists between the EBR-II
generation and the load on the NRTS 1·38-kV loop. Of particular concern
are modes of operation in which the Utility System supplies the bulk of the
NRTS demand while the EBR-II unit is lightly loaded (see cases 6 and 8).

3.   When and if the EBR-II transmission systdm shown in Fig. B-·1
is materially revised, additional trahsient stability studies should be con-
ducted to see if the above limitations still exist.

4.     Re s ults

Transient stability runs were computed for the conditions outlined
in Table B-3. The results of these runs are plotted in Figs. 8-2,8-3 and
B-4; they are also tabulated in Table B-.4.

TABLE 8-3. Summary of Transient Stability Studies

Initial Operation Description of Disturbance

System EBR-H
EBR-B Utility Tie

ClearingCase Load, Fault ·

Reclosing Accelerating

No. MW MW % E' MW       % E' location° Time, Cycles Time, Cycles Power, MW" Comments

Ill 27.2 20.0 120.8        7.2 99.2 EBR-U--ANP               9                  21 17.30 Unstable

12) 27.2 20.0 120.8        7.2 99.2 NRF-MTR                          9                         21 5.74 Unstable

(3) 27.2 20.0 120.8        7.2 99.2 Scoville-Utility              9                    21 -4.20 Stable

Ill)         27.9         4.0 106.4 23.9 102.9 Scoville-Utility              9                    21 -14.76 Stable

15)         27.9         4.0 106.4 23.9 102.9 Scoville-Utility 9  ' 27 -14.76 Stable

16)         27.9         4.0 106.4 23.9 102.9 Scoville-Utility              0 24 -14.76 Unstable

171         27.9         4.0 106.4 23.9 102.9 Scoville-Utility              9                    24 -23.90 Stable

181         27.9
'

4.0 106.4 23.9 102.9 Scoville-Utility 6                 24 -23.90 Unstable

'In each case, a 3-phase fault is assumed at the source end of the indicated line section. The fault is.cleared in the indicated time with the opening of
the circuit breakers at each end of.the line section.

"This condition exists from the time·the fault is cleared until the line breakers are reclosed.
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TABLE B-4. Rotor Angle vs. Time for EBR-II

Rotor Angle, Degrees for Case Nos. 1-8
Tirne, sec No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8

0 18.31 18.31 18.31 -0.53 -0.53 -0.53 -0.53 -0.53 2
0.05 20.86 20.86 20.86 -0.38 -0.38 -2.74 -0.38 -0.38
0.10 28.52 28.52 28.52 0.07 .0.07 -9.39 0.07 0.07
0.15 41.29 41.29 41.29 0.82 0.82 -20.48 0.82 -2.93
0.20 59.21 57.47 , 55.98 -0.52 -0.52 -36.00 -1.88 -13.14
0.25 82.33 75.37 69.41 -6.27 -6.27 -55.95 -11.79 -30.56
0.30 .110.65 95.00 81.58 -16.46 -16.46 -80.34 -28.91 -55.19
0.35 144.16 116.35 92.48 -31.08 -31.08 -109:16 -53.24 -87.03
0.40 178.80 134.82 98.18 -44.62 -50.13 -142.42 -84.78 -126.08
0.45 218.54 148.55 94.92 -49.13 -73.62 -173.63 -113.38 -163.24
0.50 272.32 160.26 82.58 -43.89 -93.06 -202.62 -129.68 -195.93
0.55 172.59 61.12 -29.74 -99.31 -235.79 -135.47 -231.37
0.60 -188.49 32.00 -9.27 -92.48 -278.99 -131.59 -276.22
0.65' 13.15 -72.46 -117.47

In all cases the total NRTS lodIF'load plus that of the EBR-II facility
is essentially codstant--27.2 MW for cases 1-3 and 27.9 MW for cases 4-8.
The first three cases are concerned with system disturbances with the
EBR-II generator operating at its rated 20-MW output; in the latter five
cases, the EBR-II unit output is 4 MW, or 20% of rating.

Normal Operation- -Load Flow and Voltage Distribution.   In con-
ducting a tiransient stability study it is, of course, necessary to determine
the initial operating conditions.  This was done for the system of Fig. B-1
by means of the computer load flow program outlined in Ref. 1.  The
results--bus voltages, circuit megawatt and megavar flows, and the shunt
impedance equivalent of the load at each bus--are shown in Table B-2.
Of these data, the most significant--as far as the transient stability studies
are concerned--are the power output and voltage behind transient reactance
of each of the machines  as  well  as  the load shunt impedance equivalents.
The use of these data in determining transient stability performance is
described in the appendix.

-

Automatic Reclosing for Faults in -the NRTS Loop. .During normal
operation, with the EBR-II generator operating in parallel with the litility
system and with all NRTS 138-kV loop circuit breakers closed, short
circuits on the 138-kV loop when cleared in approximately 9 cycles
(0.15 sec) will not result in system instability, i.e., synchronism will be
retained.

However, when one of the loop section breakers is open, a fault on
the remaining tie between the EBR-II facility and the utility interconnection
point--Scoville--results in isolating the two generation sources. This latter
mode of.operation exists, of course, until the circuit breakers protecting the

1Automatic Digital Computer Solution of Load Flow Studies,  J. M. Henderson.
AIEE Transactions, Pt. III (Power Apparatus and Systems), February 1955,
PP. 1696-1701.
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faulted section are reclosed. After reclosure, the system may be unstable,
depending on the location of the fault, the load on the loop, and the load on
the EBR-II generator.

Figure B-2--cases 1 and 2--shows the transient angular swing of,
the EBR-II generator with respect to the utility generation for two different
3-phase fault conditions of the NRTS loop.  In each case, the line section
breakar atSPERT.is open.  In each case, although the fault is removed in
9 cycles and a successful reclosure is effected in 21 cycles, system
stability is lost.  This is evidenced by the increasing positive angular
displacement between EBR-II and the utility generation.

The difference between the swing curves for cases 1 and 2 is due
solely to the difference in fault location. Faults close to the EBR-II facility
result in a faster acceleration.  This is particularly pronounced in the
interval between the fault removal and the line reclosure. As indicated in
Table B-3, the accelerating power on EBR-II during this interval is 17.3 MW
for the close-in fault (case  1) and 5.74 MW for the more remote fault (case 2).

Case 3--also plotted in Fig. B-2--provides an interesting compari-
son with those discussed above.  This case, differing from the other two
only in the location of the fault, is stable. The reason stability is main-
tained is due principally to the decelerating effect of the loop load'I:luring
the period EBR-II is isolated from the utility generation. From Table B-3
the deceleratingpower during this interval is 4.20 MW.

Automatic Reclosing for Faults on the Utility Tie Line. Faults on
the 138-kV tie line between the Scoville Substation and the Utah Power and
Light Company isolate the EBR-II generator along with the entire NRTS loop
load from the Utility System.  Case 3 (see Fig. B-2) indicates stability is
maintained for 9-cycle fault clearing and 21 -cycle reclosing for a condition
where the initial EBR-II generation (20 MW) and the loop load (27 MW) are
in relatively close balance.

Figures B-3 and B-4 indicate the EBR-II swing with respect to the
utility generation for 3-phase faults on the utility tie.  In all of the cases
shown the initial NRTS loop load (27.9 MW) is considerably in excess of
the initial EBR-II generation  (4 MW). This results,  as the curves illus -
trate, in a negative angular swing, that is, the EBR-II rotor angle retreats
or slows dowri with respect to that of the utility generation. -

In cases 4,5, and 6 the NRTS loop loads were represented--as they
were in cases  1 -3--as constant shunt impedances.   With this assumption
the total megawatt load on the EBR-II unit after the fault is cleared and
prior to reclosing is 18.76 MW. This output with the turbine input of 4 MW
produces, as indicated in Table B-3, a net decelerating power dn the
EBR-II unit of 14.76 MW.
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As indicated by cases 4 and 5 of Fig. B-3, this dec·elerating load is
not sufficient to produce an unstable condition for 9-cycle fault switching
and line-reclosing times in the range from 21 to 27 cycles.

Case 6 may be somewhat academic since, in the strictest sense,
fault-clearing times of zero cycles are impossible. Practically speaking,
this case may be interpreted as depicting system performance for a false
trip on the utility tie followed by a 24-cycle reclosure. As indicated in
Fig. B-3, an occurrence of this nature would result in loss of synchronism
between the EBR-II generator and the utility system.

The swing curves of Fig. B-4 are based on constant-power, rather
than constant-impedance, representation of the NRTS loop loads during the
interval in which EBR-II is isolated from the utility and required to carry
the entire system load.  For such a transient condition, the net decelerating
power acting on the EBR-II generator is (27.9-4.0) = 23.9 MW.  The data of
Fig. B-4 indicate stability is maintained for fault clearing and line reclosing
times of 9 and 24 cycles respectively (case 7). Where the tie line fault is
cleared at the Scoville end in 6 cycles (case 8), synchronism is lost fallow -
ing a 24-cycle reclosure.

Whether or not the NRTS loop is closed has only a minor effect on
system stability for faults on the utility tie line.  This is due to the fact
that the synchronizing power between the two generators - -after the tie line
fault is removed and the breakers are reclosed--is essentially the same
for either broken or closed loop operation. Therefore, the res-ults of
cases 3-8, which are predicated on the SPERT s.ection breaker being open,

   would also apply for closed loop operation.

5.      App endix

The method of analysis employed in this study is covered in detail
in Ch. 5 of Ref. 2. Therefore, only a brief' description is inorder.

Assumptions. The following assumptions, comrnonly made in
transient stability studies, were employed in this ahalysis:

1. ' Transi·ent saliency was neglected (Xd = Xq).

2. Flux linkages were held constant, corresponding to the voltage
back of the transient reactance (Xah

3. Damping torques and subtransient effects were neglected.

4. Mechanical-shaft torques of synchronous machines were taken
to be' constant.

2S. B. Crary, Power System Stability,Vol. II, John Wiley and Sons. Inc.,
New York (1947).
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5.   Loads were represented by constant shunt impedances.

6. System-network impedances were taken to be constant, cor-
responding to normal frequency.

\

7.   Stability: was determined by the first swing.

Procedure. The procedure used in the swing curve calculation in-
cludes the following steps:

1.    The system network is reduced to a simple equivalent

2.   Transfer and driving point impedances for circuit conditions
' of transient (fault on, fault off,  etc.) are determined.

3. Initial conditiohs and power flow equations for subsequent
transient conditions are determined.

-

4.   Calculations are carried out for assumed system disturbance
until it is apparent that system is stable or unstable.

System Equivalent and Power Flow· Equations. Using techniques
described in Ch. 1 of Ref. 3, and with loads represented as constant shunt

impedances, the s y stem of Fig . B - 1 wa s reduced to the following equivalent:

P1

Zl                           ZZ

Z3

where

El = Voltage behind the transient reactance of the.EBR-LI generator.

Ez = Voltage behind the transient reactance of the equivalent
utility generation.

Pi = Power output of EBR-II generator.
-

Pr = Power output of equivalent utility generation.

3S. B. Crary, Power System Steamu Stability, Vol. I, John Wiley and Sons,

Inc., New York (1945).
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-21 - 0.4120|88.80° per unit on 20 MVA.

Zz - 0.0788 79.04° per unit on 20 MVA.

Z3 = 0.6856|16.00° per unit on 20 MVA.

The transfer and driving point impedances of the equivalent circuit.are:
--

ZzZ3
Zi i     =    21   +    .            -       =     Z l l|V O  -a l l     =     0·4 8 4 2|8 6.4 7° ;                                                       (1)Z,2 + Z3

--

ZlZ3
222 - Z2 + -  - = Z22 90 -2122 - 0·3907.|66.05°;             (2)Zl + Z3

 1%2

 12 - Zl + Z2+   3
= Z12|90-a12 --0·5119|92.03°.             (3)

In terms of these impedances, which are defined in Ref. 3, the generator
power outputs are

El         ElE2
2

Pi  =  1- Sin all    9     sin (*12 - alj;                                         (4)
Z'll 6 12

Ei        ElEZ
P2   -   ' 9       Sin  a.22   - 9 sin (x12 F alzM                          (5)4,22 L'12

where. Zll' Z22, and Z12 are the absolute values of the impedances and all,
a22' and a 12 ate the complements of the impedance angles; x12 is the phase-,
angle difference between the rotors  of the two generators.

Thus, for cases  1-3, for which El  =  1.208 and E2  =  0.992, the per
unit electrical power output of EBR-II, when interconnected with the utility,
equals

0.186 + 2.342 sin (x12+2.03°).                                   (6)
For cases 4-8 (El and E2 are 1.064 and 1.029, respectively), the EBR-II per
unit electrical power is                  -

0.144 + 2.139 sin (x12+2.03°).                                     (7)
The initial operating conditions given iIi Table B-3 for cases 1-3 correspond
to x12 equal to 18.31°; those for cases 4-8 result frolo an angle of -0.53°.
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The Swing Equation. The step-by-step procedure used to determine
the transient angular swing of the EBR-II unit with respect to the utility
generation is described in Ch. 5 of Ref. 2 (Vol. II) and is illustrated in
Table B-5. The latter data apply specifically t6 case 3.

TABLE B-5. Swing Curve Calculation Data
GEN. NO.
BOX NO.GENERAL ELECTRIC CO. -A.C. NETWORK ANALYZER

STEP-BY-STEP SWING CURVE CALCULATION PAGE NO..

DATE
FOR Argonne National Laboratory

STUDY NO.
- (0.231) (WRZ) (RPM)Z (10)-6 III

Inertia Constant, H = = 4.4942 CASE NO.
Base KVA

20.000KVA BASE

180 f(At)2 = 6.0077   At = Sec..05
Acceleration Constant, k =

H       At- Sec.
Time Fault

.. Power Input to Rotor
in

1.208 Three-phase- Sec Egen. ill p.u. TypeReading Mult. Ti in°/1t
.3125 Utility tie at Scoville

Xgen·'in p.u. Location
0-                          1.000

AngularPower Out to System Acceler.
Torque kT 861 = Displacement 6a

Reading Mult.
To  i n° /1           Ta   =   T i   - To a      86n-1 + kT a in degrees

Oa = bon + On-1             4

O+ .150 .850 x * 2.553 18.31
2.553

.05 .150 .850 5.107 20.86
7.660

.10 .150 .850 5.107 28.52
12.767

.15- .150 .850           -                         41.29

Fault Cleared (Average) .320

.15+ 1.210 -.210 1.922                          -
14.689

20 1.210 -.210 -1.262 55.98
-13.427

25 1.210 -.210 -1.262 69.41
12.165

.30 1.210 -.210 -1.262 81.58
10.903

.35- 1.210 -.210 92.48

Line Reclosed (Average) -.866                                         -

.35+ 2.521 -1.521 -5.203                                                    -

5.700
.40 2.491 -1.491 -8.957 98.18

-3.257
.45 2.511 -1.511 -9.078 94,92

-12.335
.50 2.518 -1.518 -9.120

,
82.58

-21.455
.55 2.276 -1.276 -7.666 61.12

-29.121
.60                                                                                     32.00

#
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The indicated procedure provides the solution to th.e following
equation of angular motion of a synchronous machine:

dzx             1 8 0   f(Trn  -  T e)
-

-                                                                (8)
dt2           H

where

f = frequency (cps)

t = tima (sec)

x = generator angular displacement (degrees)

Trn = mechanical shaft torque per unit

Te = electrical torque per unit

H = generator per unit inertia constant.

Since machine speed does not vary appreciably from synchronous
speed during the transient swing, per unit torque and per unit power can
be assumed equal and therefore used interchangeably.  Thus, in terms of
Eq. 8, the acceleration of the generator angle at a particular instant in time          hequals a constant times the accelerating power acting at -that same instant.
With the mechanical·power input assumed constant, the accelerating power
is   a  function  only   of the eldctrical o.utput. i

For the EBR-II unit, the electrical power output during short-circuit
conditi-ons of the NRTS loop or of the utility tie was assumed to be 15% of
nameplate rating.  (This is typical for 3-phase faults electrically ctose to
the terminals of the generator step-up transformer).

With the fault removed ahd the two generators isolated from one
another, the EBR-II power output is

   E 
Pl = '9- Sin all,

611
t

where Zll and all vary depending on the shunt impedance loads remaining on
the EBR-II unit. The following table shows these data and Pl, expressed in
per unit on 20 MVA, for cases 1-8:

Case El Zll All, degrees            Pl

1           ' 1.208 9.572 62.21 - 0.135
2 1.208 .1.784. 60.56 0.713 *
3 1.208 0.898 48.02                              1.210

4-6 1.064 0.898 ' · 48.02 0.938
7-8 (Constant Power Loads) · ·· 1.395
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After the fault is cleared and the breakers reclosed, the EBR-II
electrical output is a function of the angular displacement between it and
the utility generation.   Eqs.  6  and 7 define this relationship.

Throughout this analysis, the phase angle  of the equivalent utility
generation was assumed to be unaffected by disturbances in or near the
NRTS loop.  This is thought to be reasonable since the inertia cbnstant of
the utility generation is large compared to that of EBR-II; furthermore, the
accelerating power acting on the equivalent utility generation would be quite
small for faults in the NRTS loop area.

/
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APPENDIX C

Electrical Penetrations of the.Reactor Building Containment Vessel

1.   Introduction

Containment of the EBR-II is provided to preclude release of fission
products and/or plutonium from the Reactor Building in the unlikely event
of a major nuclear accident.

1

A large number of openings through the Reactor Building containment
vessel are required for personnel and equipment, for electrical conductors,
ventilating air, sodium pipes, instrument and utility compressed air lines,
and other utilities. All openings employ gas-tight seals, either  of the metal-
to-metal type or of an organic type suitably protected against possible high-
temperature gases generated in a postulated incident involving a sodium-air
reaction. All openings are designed so as not to detract from the strength
of the building shell and so as to be capable of sustaining the same building
pressure as the maximum containable by the shell itself.

The necessary electrical circuits are brought into the Reactor Build-
ing through leak-tight pressure connectors mounted in pressure chambers
(penetrations) installed in the building containment shell. These are located
at the north end of the cable tunnel below the corridor between the Reactor
Building and the Power Plant Building. Cables leaving the penetrations
inside the Reactor Building are routed to equipment via conduit embedded
in the concrete walls of the containment vessel.

The design of the electrical penetrations permits pressure and leak-
testing of bulkhead-type connector assemblies prior to their installation onto
pressure chambers installed in the containment vessel. After installation,
each connector assembly is retested for possible leakage. The design per-
mits convenient leak-rate testing of the individual pressure chamber without
pressurizing of the entire building. Periodic leak-rate testing of the pene-
trations is performed as part of the plant maintenance program.

As shown in Table C-1, 34 electrical pressure chambers are pro-
vided. Thirty chambers contain electrical connectors, consisting of Cannon
Electric Company Type TBF connectors, Amphenol Electronics Corporation
Type 100X Coaxial connectors, and specially constructed mineral-insulated
(MI) cable connectors of ANL design. One electrical pressure chamber
(No. 26) was used for the installation of a low-pressure relief valve which
opens for a predetermined low-pressure condition inside the building to
limit the pressure differential on the building containment shell. Three
chambers are blanked off and sealed as spares. This arrangement provides
a total of 4212 connector pins or circuit penetr,ations; approximately 15
percent of these are spares. In addition, 48 coaxial.cable connectors are
provided.
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TABLE C-1. Electrical Penetrations in Reactor Building Containment Vessel

Pressure
Pressure Connectdrs
Chamber

»                           (receptacle) Number of
(penetration) Type of Pressure Type Connector

No. IPS, in. . Connector (receptacle) No. (see Fig: C-6) Pins

1      10      Cannoh TBF             7 R-5 259

.2      10      Cannon TBF  -   -       7 R-5 259

,3      -10     'Cannon TBF                6 R-5 222

1      R-3            14

4      10      Cannon TBF              6        R-5 222

1       R-3            14

5 .    10      Cannon TB.F              6        R-2               18
1       R-3            14

6      10      Cannon TBF             5       R-1              15
1                 R-2                                3
1       R-3            14

7     10     Cannon TBF            5       R-1             15
2      R-2             6

8      10      Cannon TBF             4 R-4 104

2                R-2                                6
1       R-3             14

9      10      Cannon TBF             7 R-5 259

10      10      Cannon TBF              7 .R-5 259

11 10 Cannon TBF             6      ' R-5 222

1       R-5A           37
12      10     Cannon TBF             6 R-5 222   *

1 R-5A 37

13     10 - Cannon TBF             7       R-3             98
14     10     Cannon TBF            4 R-5 148

2       R-4            52
1                 R-2                                3

15      10 .
Cannon TBF            4       R·-1             12

2 R-2
,

6

1- R-3            14
16               10               Cannon  TBF                                   6                    R.- 4 156

1       R-3            14
20               6 MI Cable. 1   (Fig. C-2)      -     6
21       6     Cannon TBF             1       R-7               6
22        6       MI Cable 1   (Fig. C-2)            6
23        6 MI Cable 1   (Fik. C-2)            6
24      6     Spare
25 '6 Spare                   -         -
26       6 Containment Vessel      -         -               -

Low-pressure Relief

I
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TABLE C-1 (Contd.)

PressurePressure
Chamber Connectors

(penetration)
. (receptacle) Number of

Type of Pressure T ype . Connector
No. IPS, in. Connector (receptacle) No. (see Fig. C-6) Pins

27      6     Spare                   -         -28      6     Cannon TBF             1       R-5             37
29       6     Cannon TBF             1       R-5              37
30      16     Cannon TBF            10 R-5B 370

2'   · R-5 74
31       8      Cannon TBF              5 R-3 70         '
32       8     Cannon TBF   -         4 R-5 148

1      R-5B          37
33      16     Cannon TBF             7 R-5 259

3      R-3            42
2       R-2             6

34     16     Amphenol 100X 14 R-6A          -
(Coaxial) 10 R-6B

35     16     Amphenol 100X 22 R-6A          -
(Coaxial)                           2            R-6B                    -. 36       8     Cannon TBF             5 R-5 185

37       8     Cannon TBF             5 R-5B 185
Total Pins 4212

Note: Penetrations Nos. 17, 18, 19 do not exist.

The Cannon Type TBF and Amphenol Type 10OX· Coaxial connectors
are bulkhead-type pressure connectors with solid through-conductors with
terrninals at each end. Where conductor sizes larger than 1/0 AWG are
required, special MI cable penetration assemblies provide leak-tight
through-conductors with terminals at both ends.

Cabinet enclosures for the electrical connector assemblies are
installed in the concrete wall opposite the end of the tunnel at the Reactor
Building. The enclosures are made of 1/8-in.-thick steel plate for pro-
tection against mechanical injury and the inside surfaces of the doors of the
enclosures are provided with a 3 /4-in.-thick layer df thermal insulation.

2. Pressure Chambers

The pressure-chamber designs shown in Figs. C-1 and C-2 for..-
penetrations Nos. 1 through 16, 20, 22, and 23 are typical of the design usedfor all electrical penetrations. Basically, a penetration consists of short
lengths of standard carbon steel pipes (5,  10 or 16 in., Schedule 40 pipe,or 8-in. Schedule 160 pipe) inserted in the wall openings and welded to the
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1containment vessel shell.  A 12-in. carbon steel reinforcing ring is welded
to the external side of the shell at all penetrations to relieve the stresses,
except for penetrations Nos. 31, 32, 36, and 37 which consist of Schedule
160 carbon steel pipe. Welded to each end of the pipe is a pipe flange (see
Figs. C-1 and C-2). Carbon steel terminal plates (terminal plates used on
penetrations 20 and 22 are stainless steel) are gasketed and bolted to the
outside pipe flanges.

To permit leak-rate testing of penetrations without disconnecting
the circuits involved, several additional terminal plates mounted with
hermetically sealed Cannon Type BFH receptacles are installed on the reac-
tor building ends of pressure chambers. A short length of cable inside the
pressure chamber, with plug connectors' on both ends, connects the recep-
tacle gn the outside plate with the corresponding receptacle on the inside
plate. At present, inside plate assemblies are installed on pressure cham-
bers 9, 10, 13, 29, 31, and 37. Other pressure chambers will similarly be
equipped with inside plate receptacle assemblies in the future to enhance
reactor operation time.

Leak-rate testing of the individual pressure chamber (except cham-
bers 9, 10, 13, 29, 31, and 37) is accomplished by disconnecting all its
cables on the inside of the pressure chamber, removing the fiber ring, and
then installing the test head.  The test head is provided with fittings for
pressurizing the chamber, and attaching a manometer and a thermocouple
probe. Chambers 9, 10, 13, 29, 31, and 37, however, do not require use of
the test head for leak-rate testing since terminal plates and connectors have
been installed on the inside flange of these chambers.

A leak-rate test was run continuously for a minimum of 48 hr on
each of the pressure chambers after all pressure connectors-were installed.
These tests were made under ambient temperature conditions with pres-
sures of 60 psig on chambers with the Amphenol coaxial connectors and
with pressures of 30-34 psig on those with the Cannon TBF connectors.

Leak-rate testing of the pressure chambers is presently being con-
ducted at 24 psig on a yearly schedule with a random selection of penetra-
tions to be tested. Penetrations which have been worked on or disturbed
for any reason are tested immediately.

3. Bulkhead-type Pressure Connectors

Figures C-3 and C-4 show construction and mounting details of the
Cannon Electric Company Type TBF and Amphenol Borg Electronic Corpo-
ration coaxial cable pressure connectors, respectively. Figure C-4 also
shows the coaxial connector assembly and gasketing  of the parts for mount -
ing the connector. The socket-and-plug arrangement facilitates discon-
necting of cables from the bulkhead fittings for ease of maintenance and
testing.
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Figure C-6 is a diagram of the pin arrangement in the various pres-
sure connectors, and Fig. C-5 shows the arrangement of the pressure con-

- nectors on the pressure chamber terminal plates. These two diagrams in
conjunction with Table C-1 show the number and type of pressure connectors
and their arrangement on each terminal plate.

a.   Cannon Type TBF Connectors. The Cannon Electric Company
TBF pressure connectors are of the through-bulkhead type (see Figs. C-3
and C-6) rated for 30 psi at 250°F continuously, with a leakage rate of not
more than one cubic inch per hour. The Cannon Electric Company catalog
numbers are shown on Fig. C-6. Connector shells are equipped with a
polarizing key to prevent any misalignment of mating pins and sockets.
These shells are all size 28 except for the one Type.R-7 connector which
has three 1/0 and three No. 12 pins.  The Type R-7 connector has a size 36
shell and is used in pressure chamber No. 21. The connector pins are em-
bedded in a pressurized resilent insert to provide solid leak-tight through
conductors.

b. Amphenol Coaxial Connectors. The Amphenol Borg Electronic
Corporation coaxial cable connectors are also of the bulkhead type.  The
coaxial connectors, Amphenol assembly No. 10OX-3875-1, consist of
Type UG-30 C/U pressurized bulkhead adapters and Type UG-630 A/U
mating plugs for Amphenol 21-804 (RG-71») cable or Type UG-21/DU
mating plugs for Amphenol 21-467 cable. The tapered connector pin is
embedded in a pressurized resilent insert to provide a solid leak-tight

. through conductor.
W

-

The Amphenol connector assembly was subjected to a pressure
of 50 psig and 300°F continuouily for one week at Argonne National Labo-
ratory. No detectable leakage was observed. The electrical resistance of
this connector measured 10 megohms. A voltage breakdown test on four
samples gave the following results:

Sample Breakdown, V

1              4,500

2             3,100

3 4,300 /-

4              3,000

4.  MI Cable Penetrations

Special copper-jacketed, copper-conductor, magnesium-oxide-
insulated (MI, mineral-insulated) cable penetration assemblies are
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provided for the three-phase, 480-V power circuits feeding the two 350-hp,
squirrel-cage induction motors for the primary pumps, the primary-tank
immersion heaters, and the Reactor Plant moto.r-control center R-3.

The penetration assemblies (see Fig. C-2) consist of short lengths
of MI cable brazed to nozzle plates, and mounted on pressure chambers
Nos. 20,22, and 23 with gaskets between the penetration steel flange and
the nozzle plate. A fiber cable support is included at the opposite end of
the chamber. The enlarged view of the cable end shows the method used to
seal the cable insulation. The magnesium oxide insulation between the
cable sheath and the copper conductor is reamed out to a depth of one-half
inch at both ends of the cable and the void thus created is filled with an
epoxy resin sealing gompound.

A test set-up (see Fig. C-7) was made to determine·the leakage
through a piece of 500-MCM MI cable, 15 in. in length, sealed at one end
as described above.  Heat was applied to the cable in order to determine
the ability of the epoxy resin to maintain a satisfactory seal at 30 psi and
at a temperature of approximately 240'F.  As the end of the cable was
heated to 240'F, the pressure in the vessel was bled off to maintain 30 psi.
After achieving 240'F, the vessel was sealed and the temperature and pres-
sure readings were taken for a period of 48 hr. The initial and final
conditions were as follows:

Initial Final

695 cu in. 695 cu in.

30 psi (vessel) 30.5 psi (vessel)

240°F (end of sealed MI cable) 250°F (end of sealed MI cable)

It is estimated that the accuracy of these readings are 0.25-psi for
the pressure gauge and loF for the temperature.

Calculations made from these data indicated no leakage through the
MI cable.  Also, a Freon leak-test performed with the vessel at 30 psi           l
indicated no leakage.

After installation of these special MI cable penetration assemblies,
leak-rate tests were performed on each completely assembled pressure
chamber with the leak-rate well within the design requirements.  The re-
sults of these tests and the field maintenance testing has proved that the
design is satisfactory and reliable.
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Fig. 3.  Arrangement of EBR-II Main Outdoor Substation
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14  13  12 It 10 9 876 5432

I n· UP                                       fi                             I

LEGEND
1. TREAT FEEDER 10. INCOMING LINE NO. 2 19. HYDROGEN CONTROL CABINET 28. GRAPHIC SECTION 37. 13.8-KV FEEDER SECTION E7
2. TRANSFORMER NO. 5 (13.8 KV-0.48 KV) 11.  POTENT,1 AL TRANSFORPERS 20. TYPEWRITER TABLES 29. STEAM SECTION 38. 13.8-KV BREAKER TEST PANEL
3. TRANSFORMER NO. 3 (13.8 Kv-2.4 KV) 12. TRANSFORMER NO, 4 (13.8 KV-2.4 KV) 21. CONSOLE 30. UTILITIES SECTION 39. CRANE FEEDER DISCONNECT SWITCH
4. POTENTIAL TRANSFORMERS 13. TRANSFORMER NO. 6 (13.8 KV-0.48 KV) 22. DATA LOGGER 31. 480-VOLT FEEDER SECTION El 40. HEAT. AND VENT. CONTROL PANEL
5. INCOMING LINE NO. 1 14. SPARE 23. MONITORING SECTION 32. 2400-VOLT SECTION E2 41. HEAT. AND VENT. CONTROL PANEL
6. POTENTIAL TRANSFORMERS 15. CONDENSATE TANK 24. AUXILIARY SECTION 33. INCOMING LINE SECTION E3 (OFFICE AREA)
7. GENERATOR 16. FEEDWATER HEATER NO.2 25. SECONDARY SECTION 34. GENERATOR INDICATING SECTION E4
8. POTENTIAL TRANSFORMERS 17. TURBINE GAUGE PANEL 26. PRIMARY SECTION 35.  13.8-KV FEEDER SECTION ES
9. BUS TIE 18. TURBINE GENERATOR (20 MWI 27. NUCLEAR SECTION 36. SYNCHRONIZING SECTION E6

Fig. 4.  Arrangement of Equipment on Operating Floor of Power Plant
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30 5 L-L 12. CONTINUOUS POWER PANEL 28

23 13. 120V A-C DISTRIBUTION PANEL
E//S, 33         3 6             ·,     2 1 4. CONTINUOUS POWER PANEL IA

15. CONTINUOUS POWER PANEL 18

0/                                                              -95.  ····· :2- - Il 16            8 17. OISTRIBUTI·ON-PANEL PC-1A
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H 0 -     0 00--1 -,- '-' .18. OISTRIBUTION PANEL PC-lB@ @ @ ,-4  1-4= -«-Ro,71   . ./1 19. REFRIGERATION COMPRESSER- \ \ AUX. BOILER ROOM

|_i_«   1               ·34 u
L_-1,         6                                      h                       CI          2

21. GENERATOR FIELD CUBICLE
20. REFRIGERATION COMPRESSER UNIT

o                                                                                I) 17  35 ·  22. AIR EJECTOR

4*  Il a CONDENSER
0                  ... 8    1 24. HEATER NO. 1O    0                         . .. £ =t EE 1/ 1 OFFICE                0 0

_,/'Y\,                                         1                      26. HEATER NO. 4
25. HEATER NO. 3

26         24                                         -                                                                              27. LOW PRESSURE FLASH TANK1- 28. HIGH PRESSURE FLASH TANK

CONTROL ROO RELAY CUBICLES
29. BLOWOOWN COOLER

21 a 31. EXHAUST FAN
HEATER ROOM 32. 240-V BATTERY (120 CELL)

HEATER OPEN                                                   |1 33. 125-V BATTERY (60 CELL)
34. RECTIFIER BATTER CHARGERAREA

|

< CONFERENCE    -•\ 1
 

5/.0..6.9
35. ANALOG COMPUTER

11 ROOM .... />-<\ /: Q 36. DP DT 125-V 0-C TRANSFER SWITCH

252<  ELECTRICAL                           4                                                < " 37. DISCONNECT SWITCH FOR 125-V BATTERY

h         SHOP                                      ,                                                        . , /v 38.· CARD PUNCH

I                                                                                          H                                                                               I                                                                                                                                                                                                                                                                        1                                                                                                                                                                    2.'.4..:.1 ··:'                                  I                                                                                 I

E

Fig. 5.  Arrangement of Equipment on Mezzanine Floor of Power Plant
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LEGEND
85
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1. EMERGENCY AIR COMPRESSOR 22. PANEL PLO-1
2. BOILER NO. 2 23. 480-V SWITCHGEAR
3„ BOILER NO. 1 24. 2400-V SWITCHGEAR
4. FUEL OIL PUMP 5-HP 25. 2000-KVA TRANSFORMER NO. 5
5. FEEOWATER PUMP TURBINE DRIVE 26. 2000-KVA TRANSFORMER NO. 6

7. DIESEL OIL PUMP · 28  2500-KVA TRANSFORMER NO. 4
6. FEEOWATER PUMP MOTOR DRIVE 27. 2500-KVA TRANSFORMER NO. 3

8„ 400-KW DIESEL GENERATOR 29. 2400-V BREAKER TEST CABINET

  7 6    |  52
24 9. BATTERY CHARGER 30., PANEL PE-1

10- BATTERY RACK (36-V) 31. AUTO TRANSFER AC/DC SWITCH

8 El-4 + 11. 400-KW GENERATOR CONTROL PANEL 32. INSTRUMENT AIR COMPRESSORS

[-1 w[ NORTH                       - 12. AUXILIARY BOILER CONTROL PANEL 33„ CONDENSATE PUMPS]110                                                            57 13. 100-KW GENERATOR CONTROL PANEL 34. HYDROGEN SEAL OIL PUMPS

-i==r 14. 100-KW DIESEL GENERATOR 35„ AFTER COOLERS

MA INT. SHOP                                             380 'Ir'    59 15. 480-V EMERGENCY SWITCHGEAR E-1 36„ PANEL PL-2
16. 480-V LIGHT DISTRIBUTION CENTER E-2 37„ PLANT AIR COMPRESSOR

(OVER PUMP J   39            6 473 351           5rl    53
60 17. MOTOR CONTROL CENTER P-1 38. CONDENSER PUMP CONTROL PANEL

PITS)

0    El                                r              075,        el

19. MOTOR CONTROL CENTER R-1 PANEL NO. 2
18- MOTOR CONTROL CENTER P-2 39. PLANT SERVICE COOLING WATER PUMP

-- 20. BATTERY CHARGER (24-V)' 40„ REACTOR PLANT AUXILIARY COOLING
21„ PANEL PL-1 WATER PUMP PANEL NO. 3

41„ CONDENSER CIRCULATING WATER PUMP NO.4

I              ,                                                      »,               I                  I                      I            I        CONTROL PANEL NO. 1I         ,  .=        A 16 36 Irirl
C] CD   37 71           78

    42. TURBINE DRIVEN FEEOWATER PUMP      '
43. FEEDWATER PUMP

35                                                                                                           44. BOILER FEED CONTROL PANEL
f=il                                                                               ta 01,38 45„ BLOWDOWN AFTER COOLER-

W,142 A, i3 7T 46. STARTUP FEEDWATER PUMP
47. MAKE-UP WATER PUMPS

0 n t - -  t s  8  - - ( · 48. WATER TREATMENT CON'TROL PANEL
49. ENGINE-MATIC CONTROL PANEL

I   =1    Fil   I               -                1                   6 BOILER ROOM
 

52 MOTOR GENERATOR SET (PRIMARY Na PUMP NO. 2)

AUXILIARY 50. BREAKER (PRIMARY Na PUMP NO. 2 GENERATOR)
#4I-  51. BREAKER (PRIMARY Na PUMP NO. 1 GENERATOR)

@ 72 54. BLANK (CABLE ROUTING)
53. MOTOR GENERATOR SET (PRIMARY Na PUMP NO. 1)

0                m.  mI1 Om 2
55. AUXILIARY AND SPACE COOLING PANEL
56. THIMBLE COOLING PANEL

OM     0111                    1« 58. AUXILIARY PRIMARY PUMP PANEL        '
57. SHIELO COOLING PANEL

43              46

59. PRIMARY PUMP NO. 2 PANEL

77                                                       101
60- OYNAMATI C CONTROL PANEL

I.*           -           I  R.:.1  |··.«|  I           -          1              I                             "'   63. BATTERY RACK „4-„
32

61„ PRIMARY PUMP NO.1 PANEL
62. BATTERY CHARGER (36-V)

64. PLANT SERVICE COOLING PUMPS
65. REACTOR PLANT COOLING WATER PUMPS

-                 3                66. CONDENSER CIRCULATING WATER PUMPS
18                                                          67. CHLORIDE ANALYZER

084                                                                                                                                            68. ACID STORAGE TANKi  69„ OIL TRANSFER PUMP0              131 8 1=10 1,00 '2 70„ OIL FILTER PUMP

8 1                                                                                                                                                                                                   E           O F F I C E                                                                                                                                                                         

7 1. PANEL PL-2A34         67
- W  11 73. WATER TEST LOOP PUMP

I
72. 3POT SWITCH FOR EMERGENCY POWER TO PANEL R3A

H E-1 1-1 -                      I                            I =al 0 n  E3      I     i.                       H 74. SUBASSEMBLY DRYER
Ul,7                                                                                                          31                                                                       -                     0                                                             75. CLUTCH COOLING WATER  SUMP .PUMP  NO.   116

9  IZI 1,   1131
76. CLUTCH COOLING WATER SUMP PUMP NO. 2

ID 82
77. MOTOR CONTROL CENTER R-2

RK,  -E ON 1 115 79.,AOT PANEL
J_l 78. PANEL PLO-2

63                                 4 80. SUMP PUMPS

24          -1                             2,     -In              -ESI-                 8                            0
8,1 CHEMICAL INJECTION PUMPS - CIRC. WATER SYSTEM

83                                                                                          U 0 2 1              ..,     -   9              7     6

-

82. DISCONNECT SWITCH AND TRANSFORMER FOR ACIO
STORAGE TANK HEATERS

"              s                  I  121 84„ pH ANALYZER - CIRCULATING WATER SYSTEM
I                  4                  TO I M 1--1 M   22- OI I   83. CHEMICAL INJECTION PUMPS - FEEDWATER SYSTEM

t         -.   .,    •.  9-thxk.«  85. H AND CO MANIFOLD HOUSE
X = =,-. -

/ /                                                                                                                   2               2

[-1              1                [-1        [-1
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Fig. 6.  Arrangement of Equipment on First Floor of Power Plant
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UNIT #1 UNIT '2 UNIT #3
'

UNIT #4 UNIT #5 UNIT #6 UNIT #7 UNIT #8 UNIT #9 . UNIT #10 UNIT #It UNIT #12 UNIT #13 UNIT #14
TREAT TRANSFORMER #5 TRANSFORMER #3 BUS SECT. #1 TRANSFORMER #1 GENERATOR 25,600 KVA BUS TRANSI.TION & BUS TIE TRANSFORMER. #2 BUS SECT. #2 TRANSFORMER #4 TRANSFORMER #6 SPARE

POTENTIAL TRANSFORMER POTENTIAL TRANSFORMER GENERATOR POTENTIAL TRANSFORMERS POTENTIAL TRANSFORMER

1 OVERCURRENT PHASE A                                '                       28  DIRECTIONAL OVERCURRENT PHASE A 55  OVERCURHENT PHASE A                                                        82  TRANSFORMER DIFF. PHASE C

2  OVERCURRENT PHASE B                               2                       29  DIRECTIONAL OVERCURRENT PHASE B -··     56 OVERCURRENT PHASE B 83  OVERCURRENT PHASE A
3 OVERCURRENT PHASE C                           1' 30 DIRECTIONAL OVERCURRENT PHASE C 57  OVERCURRENT PHASE C 84  OVERCURRENT PHASE B
4  GROUND OVERCURRENT                                '·                        31  INCOMING LINE NO.1 (PERMISSIVE SWITCH WITH RED & GREEN BKR. POSITION       58  DIRECTIONAL OVERCURRENT PHASE A 85  OVERCURRENT PHASE C
5  TREAT FEEDER (PERMISSIVE SWITCH WITH RED & GREEN BKR. POSITION INDICATING LAMPS)                                                           59  DIRECTIONAL OVERCURRENT PHASE 8                                            86  GROUND OVERCURRENT

INDICATING LAMPS)                                                          32  GROUND OVERCURRENT 60  DIRECTIdNAL OVERCURRENT PHASE C                                            87  (AUTOMATIC RECLOSING RELAY)

6  OVERCURRENT PHASE A                                5.                       33  D.C. UNDERVOLTAGE                                                           61  INCOMING LINE NO.2 (PERMISSIVE SWITCH WITH RED & GREEN BKR. POSITION       88  (PERMISSIVE SWITCH WITH RED & GREEN BKR. POSITION INDICATING LAMPS)
7  OVERCURRENT PHASE B                                '                       34  POTENTIAL TRANSFORMERS(GENERATOR) INDICATING LAMPS)                                                           89  (AMMETER SWITCH)

8  GROUND OVERCURRENT                                 2                       35  OVfRCURRENT PHASE A                                                        62  GROUND OVERCURRENT                                                         90  (AMMETER)
9  OVERCURRENT PHASE C                                                        36  OVERCURRENT PHASE 8                                                        63  D.C. UNDERVOLTAGE                                                          91  TRANSFORMER NO.4 DIFF. LOCKOUT (WITH WHITE INDICATING LAMP)
10  TRANSFORMER DIFF. PHASE A                            1                         37  OVERCURRENT PHASE C 64  POTENTIAL TRANSFORMERS (BUS SECTION NO.2 & INCOMING LINE NO.2) 92  TRANSFORMER NO.6 DIFF. LOCKOUT (WITH WHITE INDICATING LAMP)
11  TRANSFORMER DIFF.,PHASE 8                                                  38  GENERATOR DIFF. PHASE A 65  OVERCURRENT PHASE A 93 13.8 KV INCOMING LINE NO.2 VOLTS
12  TRANSFORMER DIFF. PHASE C                                                  39  GENERATOR DIFF. PHASE 8                                                    66  OVERCURRENT PHASE 8                                                        94  (VOLTMETER SWITCH - 13.8 KV INCOMING LINE NO.2)
13 1180 VOLT TRANSFORMER NO. 5 (PERMISSIVE SWITCH WITH|RED & GREEN BKR. 40  GENERATOR DIFF. PHASE C                                                    67  GROUND OVERCURRENT                                                         95  BUS NO.2 VOLTS

POSITION INDICATING LAMPS)                         '                       41  GENERATOR (PERMISSIVE SWITCH WITH RED & GREEN BKR. POSITION INDICATING   '68  OVERCURRENT PHASE C                                                         96  (VOLTMETER SWITCH - BUS NO.2)
14  OVERCURRENT PHASE A LAMPS)                                                                      69  NEUTRAL GROUND OVERCURRENT 97  13.8 KV BUS NO.1 DIFF. LOCKOUT (WITH WHITE INDICATING LAMP)
15  OVERCURRENT PHASE 8                                                        42  REVERSE POWER 70  2400 VOLT TRANSFORMER NO.4 (PERMISSIVE SWITCH WITH RED & GREEN BKR. 98  13.8 KV BUS NO.2 DIFF. LOCKOUT (WITH WHITE INDICATING LAMP)
16· GROUND OVERCURRENT                                 ·                       243  GROUND OVERCURRENT POSITION INDICATING LAMPS)                                                  99  INC. LINES 1&2 UNDER FREO. LOCKOUT (WITH WHITE INDICATING LAMP)
17 OVERCURRENT PHASE C                              411 UNDER FREO.- GENERATOR 71 DIRECTIONAL GROUND OVERCURRENT 100  (SPARE LOCKOUT RELAY·- WITH WHITE INDICATING LAMP)
18  NEUTRAL GROUND OVERCURRENT 45  BUS TRANSITION & P.T'S. (TOTALIZING METERS AND DIR. RELAYS P.T'S.) TRANSFORMER DIFF. PHASE A

'

72 101 (VOLTMETER)
19  2400 VOLT TRANSFORMER NO.3 (PERMISSIVE SWITCH WITH'|RED & GREEN BKR. 46  UNDER FREQ. TREAT (NOT CONNECTED)                                          73  TRANSFORMER DIFF. PHASE B 102 (VOLTMETER SWITCH)

POSITION INDICATING LAMPS)   '                       i                       47  UNDER FREQ. INCOMING LINES 1&2                                           74  TRANSFORMER DIFF. PHASE C 103' GENERATOR LOCKOUT (WITH WHITE INDICATING LAMP)
20  DIRECTIONAL GROUND OVERCURRENT 118   BUS  DIFF.  BUS NO. 1  PHASE  A 75 OVERCURRENT PHASE A 104  GENERATOR DIFF. LOCKOUT (WITH WHITE INDICATING LAMP)
21  TRANSFORMER DIFF. PHASE A                                                  49  BUS DIFF. BUS NO.1 PHASE B              ·                                  76  OVERCURRENT PHASE 8 105  13.8 KV INCOMING LINE NO.1 VOLTS
22  TRANSFORMER DIFF. PHASE 8                                                  50  BUS DIFF. BUS NO.1 PHASE C                                                 77  GROUND OVERCURRENT 106 (VOLTMETER SWITCH - 13.8 KV INCOMING LINE NO.I)
23  TRANSFORMER DIFF. PHASE C                         i ·51 BUS TIE (PERMISSIVE SWITCH WITH RED & GREEN BKR. POSITION INDICATING      78  OVERCURRENT PHASE C 107 BUS NO.1 VOLTS
24  POTENTIAL TRANSFORMERS (BUS SECTION NO.1 & INCOMING LINE NO. I) LAMPS) 79  480 VOLT TRANSFORMER NO.6 (PERMISSIVE SWITCH WITH RED & GREEN BKR. 108 (VOLTMETER SWITCH - BUS NO.I)
25  OVERCURRENT PHASE A                                1                        52  BUS DIFF. BUS NO.2 PHASE A POSITION' INDICATING LAMPS) 109  (AUTOMATIC RECLOSING RELAY)
26  OVERCURRENT PHASE 8                                , 53  BUS DIFF. BUS NO.2 PHASE 8                                                 80  TRANSFORMER DIFF. PHASE A 110  TRANSFORMER NO.3 DIFF. LOCKOUT (WITH WHITE INDICATING LAMP)
27  OVERCURRENT PHASE C                                                        54  BUS DIFF. BUS NO.2 PHASE C 81  TRANSFORMER DIFF. PHASE B 111  TRANSFORMER NO.5 DIFF. LOCKOUT (WITH WHITE INDICATING LAMP)

NOTE:   DESCRIPTION IN PARENTHESIS  (    )„ DOES NOT APPEAR ON NAMEPLATES

Fig. 7. Front Panel Arrangement of 13.8-kV Switchgear
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"      PE
L__1 1_1_1 1__1

- -1-
CUBICLE NO. 1 CUBICLE NO. 2 CUBICLE NO:3 CUBICLE NO.U CUBICLE NO.5 CUBICLE NO.6 CUBICLE NO.7 CUBICLE NO.8 CUBICLE NO.9 CUBICLE NO. 10 CUBICLE NO. 11

NO. 1 PRIMARY NO. 2 PRIMARY TRANSFORMER NO. 3 PUMP HOUSE WELL PUMP SECONDARY NO. 1 CIRCULATING NO. 2 C,IRCULATING TRANSFORMER NO. 4 INDUCTION & Na SURGE TANK BOILER FEED
SODIUM PUMP SODIUM PUMP NO. 1 FEEDER NO. 2 SODIUM PUMP WATER PUMP WATER PUMP

'

HEATING TRANSFORMERS WATER PUMP

\

1 OVERCURRENT PHASE A                                       -                14  OVERCURRENT PHASE A 27  OVERCURRENT PHASE C
2  OVERCURRENT PHASE C 15  OVERCURRENT PHASE B 28  CIRCULATING WATER PUMP NO. 1 (PERMISSIVE SWITCH WITH RED & GREEN BKR. 40  OVERCURRENT PHASE A
3  PRIMARY Na PUMP NO.1 (PERMISSIVE SWITCH WITH RED & GREEN BKR. POSITION 16  OVERCURRENT PHASE C                                                            POSITION INDICATING LAMPS)                                                  41  OVERCURRENT PHASE C

INDICATING LAMPS)                                                          17  PUMP HOUSE NO.1 FEEDER (PERMISSIVE SWITCH WITH. RED & GREEN BKR. POSITION 29  OVERCURRENT PHASE A 42  BOILER FEEDWATER PUMP (PERMISSIVE SWITCH WITH RED & GREEN BKR. POSITION
4  OVERCURRENT PHASE A INDICATING LAMPS)                                        ·                 30  OVERCURRENT PHASE C INDICATING LAMPS)
5  OVERCURRENT PHASE C                                                        18  GROUND PROTECTIVE RELAY 31  CIRCULATING WATER PUMP NO.2 (PERMISSIVE SWITCH WITH RED & GREEN BKR.       43  (AMMETER SWITCH)
6  PRIMARY Na PUMP NO.2 (PERMISSIVE SWITCH WITH RED & GREEN BKR. POSITION    19  OVERCURRENT PHASE A POSITION INDICATING LAMPS)                                                      44  (AMMETER)

INDICATING LAMPS)                                                          20  OVERCURRENT PHASE C                                                        32  REVERSE POWER 45  BUS VOLTS (VOLTMETER)
7  REVERSE POWER                                                                  21  PUMP HOUSE NO.2 FEEDER (PERMISSIVE SWITCH WITH RED & GREEN BKR. POSITION   33  TIME DELAY TRIP D.C. 118 (VOLTMETER SWITCH)
8  TIME DELAY TRIP D.C. INDICATING LAMPS)                                                   34 INCOMING FEEDER NO.2 - 2400V. 3 PH. 60 CYC. (PERMISSIVE SWITCH WITH RED 47 (SODIUM BOILER PLANT FIRE PROTECTION AUXILIARY RELAY - RESET PUSHBUTTON
9  INCOMING FEEDER NO.1 - 2400V 3 PH. 60 CYC. (PERMISSIVE SWITCH WITH RED    22  OVERCURRENT PHASE A &.GREEN BKR. POSITION INDICATING LAMPS) INSIDE OF CUBICLE)

& GREEN BKR. POSITION INDICATING LAMPS) 23  2400 VOLT SWITCHGEAR 35  D.C.UNDERVOLTAGE (NOT USED)                  · 48 (SODIUM BOILER PLANT EMERGENCY AUXILIARY RELAY - RESET PUSHBUTTON
10  DIR. OVERCURRENT PHASE A 24  OVERCURRENT PHASE C                                                        36  OVERCURRENT PHASE A INSIDE OF CUBICLE)        '
11 DIR. OVERCURRENT PHASE B 25  SECONDARY Na PUMP (PERMISSIVE SWITCH WITH RED & GREEN BKR. POSITION       37  OVERCURRENT PHASE 8                                                         49  (AUXILIARY RELAY - NOT CONNECTED)
12  DIR. OVERCURRENT PHASE C INDICATING LAMPS)                                                          38  09ERCURRENT PHASE C                                                         50  (AUTO.-MAN. SELECTOR AUXILIARY RELAY)
13 DIRECTIONAL OVERRIDE                                                  r 26 OVERCURRENT PHASE A 39 INDUCTION & Na SURGE TANK HEATING TRANSFORMERS (PERMISSIVE SWITCH WITH      51   DIR . OVERCURRENT LOCKOUT (WITH WHITE IND.ICATING LIGHT)

,·    RED & GREEN BKR. POSITION INDICA'TING LAMPS)                             52 (BUS UNDERVOLTAGE AUXILIARY RELAY)
53  (BUS UNbERVOLTAGE RELAYS - INSIDE CUBICLE 9)

NOTE:  DESCRIPTION IN PARENTHESIS (  ), DOES NOT APPEAR ON NAMEPLATES

Fig. 8. Front Panel Arrangement of.2400-V Switchgear
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- 4

                              LIGHTING

DISTRIbUTION POWER PLANT REACTOR PLANT SODIUM
CENTER E-2 MCC PIA-NORMAL MCC R3 BOILER PLANTL-2

MCC SIA-NORMAL L   I

03 00    
03 ZO 00 00

11 . /t                                                    21
  l  - f                                                                                                            

                            '                                                             22 0 (-7

2-A 3-A 4-A 5-A
lF

.t

'

POWER PLANT 480V. EMERGENCY LABORATORY FUEL CYCLE  
MCC P2A-NORMAL SWITCHGEAR E-1 FEEDER FACILITY

  PROCESS FEEDER
13                17J                150 1 : 03   1-3rl GE

Ill                                                                                                                                                                                                         -

ImIT1 CO (020  Ft                         =
0 00 0 0-1     -           =EF

rl-51

9 1  11  9     -1-A 2-8 3-B 4-B 5-8 6-A

1                                                                                                                                                                                   4
MAIN ACB REACTOR PLANT POWER PLANT PROCESS BLDG. REACTOR PLANT MAIN ACB

TRANSF.* NO. 5 MCC RIA-NORMAL MCC P28-NORMAL FEEDER NO. 1 PRIMARY. TANK TRANSF. NO. 6
t '                              IMMERSION HEATERS

IP   28  EHil
1-1 00 (0 -a- -0

4        1   -     0   -   1
1-8   2-C 3-C 4-C                5-C               6-8

1 LIGHTING DISTRIBUTION CENTER E-2 (AIR CIRCUIT BKR.2-A-ELECT. CP.) 12  TIME DELAY TRIP D.C. (TRANSF. NO. 5 480V BKR.)               21  TIME DELAY TRIP D.C. (TRANSF. NO. 6 480V BKR.)
2  POWER PLANT MCC PRA-NORMAL (AIR CIRCUIT BKR. 2-8 - ELECT. OP.)         13  DIRECTIONAL OVERCURRENT PHASE A                               22  REVERSE POWER (TRANSF. NO. 6)
3 REACTOR PLANT MCC IRIA-NCRMAL (AIR CIRCUIT BKR. 2-C - ELECT. OP.) 14  DIR. OVERCURRENT LOCKOUT (WITH WHITE INDICATING LAMP)        23  REACTOR PLANT MCC R3 (AIR CIRCUIT BKR. 4-A - ELECT. OP.)
11 POWER PLANT MCC PIA-NORMAL (AIR CIRCUIT  BKR-r 3-A - ELECT.  OP.) 15 DIRECTIONAL OVERCURRENT PHASE C    ' 24 LABORATORY FEEDER (AIR CIRCUIT BKR.  4-8 - ELECT.  OP.)
5 480V. EMERGENCY SyITCHGEAR E-1 0\IR CIRCUIT BKR. 3-8 - ELECT. CP.) 16  PERMISSIVE CONTROL MAIN ACB (SWITCH WITH RED & GREEN BKR. 25  PROCESS BLDG. FEEDER NO. 1 (AIR CIRCUIT BKR. 4-C - ELECT. OP.)
6  POWER PLANT MCC P28-NORMAL (AIR CIRCUIT BKR. 3-C - ELECT. OP.) POSITION INDICATING LAMPS - TRANSF'. NO. 5 480V BKR. ) 26 SODIUM BOILER PLANT MCC SIA-NORMAL (AIR CIRCUIT BKR. 5-A
7  (AMMETER)         1                                                       17  DIRECTIONAL OVERCURRENT PHASE B                                    ELECT. OP.)
8  (VOLTMETER-BUS)                                                           18  PERMISSIVE CONTROL MAIN ACB (SWITCH WITH RED & GREEN BKR. 27  FUEL CYCLE·FACILITY PROCESS FEEDER (AIR CIRCUIT BKR. 5-8 -
9  (AMMETER SWITCH)

 
POSITION INDICATING LAMPS - TRANSF. NO. 6 480V BKR.) ELECT. Op.)

10 (VOLTMETER SWITCH 1- BUS) 19  480V (NORMAL) MAIN SWITCHGEAR 28 REACTOR PLANT PRiMARY. TANK IMMERSION HEATERS (AIR CIRCUIT
ll, REVERSE POWER (TRA'NSF. NO. 5) 20 DIRECTIONAL OVERRIDE (INCOMING LINES) BKR..5-C - ELECT. OP.)

i 29  MAIN ACB - TRANSF. NO. 5 (AIR CIRCUIT BKR. 1-8 - ELECT. OP.)
30  MAIN ACB - TRANSF. NO. 6 (AIR CIRCUIT BKR. 6-8 - ELECT. OP.)

NOTE:  DESCRIPTION IN,PARENTHESIS C ) NOT ON NAMEPLATES                                                                                       31  THIS BREAKER TO BE OPERATED IN CONTROL ROOM ONLY

Fig. 9. Front Panel Arrangement of 480-V Main Switthgear
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MCC-El
FUEL CYCLE FACILITY

SPARE

69
- 480 V. EMERGENCY00 r-r--]

SWITCH GEAR E-1

1 /

U
- III1 CIE3

1-A         1           2-A

LABORATORY AND. REACTOR PLANT                '
SERVICE BUILDING MCC RI-8

03 20 1
- 00 no60 IO

-,                                                                                                                                                                                                         1

i ,                       Glm   Gil00 00

V  rill IOD-1
00 00

1-B 2-8 rr0-rl riErl
00 00

- POWER PLANT 000008 480V  SWITCHGEAR(FUTURE) MCC Pt-B
000000 INCOMING LINE0 03

9

-&* 43 IP 91    -
' riTI 1-Tri                                                                                                                                                                                               

-   Gml Gl
,AF1-C                   2-C                   3A

LIGHTING DISTRIBUTION WO KW
(FUTURE) PANEL E-2 DIESEL-GEN.

[Z] clil 0-
-i35' -m

1 00
: 0 -U

Emi
1-D 2-D 3-D 4-A

1 400 KW DIESEL GENERATOR (AIR CIRCUIT BKR.        10   (BKR. POSITION INDICATING LAMPS - RED & GREEN)
3-D - ELECT. OP.) A - (BLANK - FUTURE BKR. 1-C)

2   LIGHTING DISTRIBUTION PANEL E-2 (AIR CIRCUIT B - (BLANK - FUTURE BKR. 1-D)
BKR. 2-D - MAN. OP.) C - MCC-Fl FUEL CYCLE FACILITY (BKR. 1-A)

3   POWER PLANT MCC Pl-8 (AIR CIRCUIT BKR. 2-C - D - MCC 714 (EKR. 28)
MAN. OP.) E - LABORATORY AND SERVICE BUILDING (BKR. 1-B)

4   REACTOR PLANT MCC Rl-B (AIR CIRCUIT BKR. 2-8 F - MCC Pl-8 (BKR. 2-C)
- MAN. OP.) 11   GENERATOR OVERVOLTAGE

5   SPARE (AIR CIRCUIT BKR. 2-A MAN. OP.)            12   AUTOMATIC TRIP SPARE (BKR. 2-A AUTO. TRIP SELECTOR
6   MCC-Fl FUEL CYCLE FACILITY (AIR CIRCUIT BKR. SWITCH WITH RED & GREEN BKR. POSITION INDICATING

1-A - MAN. OP.) LAMPS)

7   LABORATORY AND SERVICE BUILDING (AIR CIRCUIT    13   AUTOMATIC TRIP LIGHTING DIST. CENTER E-2 (BKR. 2-A
BKR. 1-8 - MAN. OP.) AUTO. TRIP SELECTOR SWITCH WITH RED & GREEN BKR.

8   480V SWITCHGEAR INCOMING LINE (DISCONNECT POSITION INDICATING LAMPS)
SWITCH)                                            14   GENERATOR OVERCURRENT PHASE A

9   PERMISSIVE CONTROL GENERATOR ACB (SWITCH         15   GENERATOR OVERCURRENT PHASE B

WITH RED & GREEN BKR. POSITION INDICATING       16   GENERATOR OVERCURRENT PHASE C
LAMPS)                                             17   LOAD REJECTION RELAY

18   OVERCURRENT LOCKOUT RELAY (400 KW GENERATOR)                    1
19   THIS BREAKER TO BE OPERATED IN CONTROL ROOM ONLY
20   KEY INTERLOCK WITH BKR 28 IN 480V MAIN SWGR.

NOTE: DESCRIPTION IN PARENTHESIS ( )
NOT ON NAMEPLATES.

Fig. 10. Front Pahel Arrangement of 480-V
Emergency Switchgear
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21   22 €3
LEGEND ...:....          '9*\ 4/ 006(:e./:

1. 5-TON AUXILIARY HOIST 36. MOTOR CONTROL CENTER R-4

J.«e A:.A..44.,2. 75,-TON MAIN HOIST 37. RECTIFIER FOR D-C EM PUMP /....

3. CRANE BRIDGE 38. 22-1/2 KVA VARIC
4. CONCRETE MISSILE SHIELD 39. 480-V STARTER

CABINET                            w            I- ;'    -:, .r.·e:.;5. GRIPPER - HOLD-DOWN MECH. 40. ELECTRICAL EQUIPMENT BALCONY e.    A,%*91.1  J   I6. CONTROL ROD DRIVES
41.    GRIPPER   ELEV.    DRIVE   CONT.                                                             

              ...                                                                                   
                                                    ED              :2.,                            

                                          \

7. STORAGE RACK DRIVE 42. ACCESS TO SUB-BASEMENT

80' DIA.
8. ROTATING PLUGS 43. HOLD-DOWN ELEV. DRIVE CONTROL

\\
r

9. BLAST SHIELD 44. DISTRIBUTION
PANEL R-6                    ,...            .. ·.:.' ···:·:r.:...:   ' 57

H:.....

'

10. PRIMARY COOLANT AUXILIARY PUMP 45. ARGON PURI FICATION CELL PLUG              .·                         41..   i..                   ·,¥,

'·            11.

REACTOR VESSEL

COVER                      ·                         46.    FREIGHT   DOOR                                                                                               ·-                                            
                                                        A:.        ''

12. NEUTRON SHIELD 47. PIPING TO SODIUM-BOILER PLANT 2''    29       .e.·:t"

13. BASEMENT
  . PACKAGED AIR-HANDLING UNIT14. SODIUM PURIFICATION CELL ACCESS PLUG TO ARGON PURIFICATION CELL      G

.,

15.  Na-TO-Na HEAT EXCHANGER 50. ACCESS TO BASEMENT                       :. ."

..                                                                                                            i...1-16. REACTOR 51. EQUIPMENT AIR LOCK                       ··      '5::                                R

    -1--T3                   20. PRIMARY
TANK 55. PRIMARY TANK RADIAL SUPPORT BEAMS         4      8

: 17. SUBASSEMBLY STORAGE RACK 52. SHUTDOWN COOLER EXTERNAL ASSEMBLIES '' 31 0 e C ( 3 ke18. CONCRETE BIOLOGICAL SHIELDING 53.   1 NSTRUMENT CONTROL

CENTER  NO.   2                          1                                           .---

f.    .2.,i'.:..:fv..'f.::. 9
4           N170'                  ..

19. SUB-BASEMENT
54.    PRI MARY   PUMP                                                                                         --                      5                                                                                                                                 4 b 37

..

.:

21. SODIUM VAPOR TRAP NO.·2
56.   EMERGENCY  A I R  LOCK                                                       ·'                 C...                                                                                            _....O                      : .

t.
...

..:.../ 30.....
22. ARGON 'BLOWERS 57. RECTIFIER FOR PRI. AUX. E-M PUMP                    -·

    --   Z' 4
r.' .,6..                                                   5,

'3  1-                                                                         ' 24. ARGON SUPPLY CLEANUP STATION 59. SAFETY ROD INSTRUMENT AIR ACCUMULATOR TANK   E-,         '2:
V.--023. FLOATING HEAD TANK 58. BATTERY CHAMBER    , --------9 9

iIA, M.CE) 25. SODIUM VAPOR TRAP NO. 1 60. TRANSFER ARM PLUG :. 76. ../. ..3 139' '
-

' '    35
..

-7              e                             D                               26. ACCESS TO
SUB-BASEMENT

'

61. FUEL UNLOADING MACHINE                               ·-·                 ''. Z·.:...: ,,·::···       , ·r··IL   - Qu X i                        I27. SPIRAL STAIRCASE TO BALCONY 62.   1 NSTRUMENT CONTROL CENTER  NO.   1                                 :1·             •                   t,
28. ARGON-SILICONE HEAT EXCHANGER 63. STORAGE HOLES

*676#8.:,sil..,tit»
1 (361 -liv <1

38' WIN. ,-i  b    29. PRIMARY TANK SUPPORT COLUMNS 64. ACCESS TO STORAGE PIT
,

'M     -·9 gt .    .i 3.1      @      7  p
(40)

tl'l :; 30. MOTOR CONTROL CENTER R-5 65.  ACCESS TO BASEMENT                                                                                                                              ..·,
         CLEARANCE 40'     31. BLAST SHIELD                     66. FUEL HANDLING CONTROL CENTER

-           ..:    .  -, PPI

e &    U

CLEARANCE f    32. PRIMARY TANK r: ..:. 09
1    33. REACTOR

%    34. NEUTRON SHIELD 00           ../.:e....:.

5                                                   h    35. STORAGE BASKET ELEV. STARTER

  :/    0..:,

2  44' MIN.                                                        ;                                                       A
... ....„.

./                                                                                                          "                                                                                                                                                    3
2 75' TOTAL               7                                            /\  -                    '

' SECTION B-B*/@9  j..0... . ''
;          T R A V E L                                                   _                                                                                                                                                                                                                                        C                                                                                                                                                                                                                                                  

        i  . , /

' .
- \.\I ..

i                                                                                                                                                                                                  I

,--- - ..                                           69.
SAFETY SWITCH

:-\ 67. PERSONNEL AIR LOCK
k                     7

70. 480-V DISTRIBUTION   (PRI.  TANK  HEATERS)

68. AUXILIARY PRIMARY PUMP RECTIFIER

.illilliEs 45  ® X \

.U - /      \ q,-- 73. CRANE POWER DISCONNECT SWITCH.»j     ,                       . - . _     g t                                            „    AIR  S..P„   „.72. CIRCULATING FAN

= ....., .:....::,i: : I. ". i,·: f...:':1...:...i:":.4-·li:.;4 r-K-\ ;              I'
74. CRANE INTERLOCK CONTROL PANEL

ji                                            81                                                 76.   FERD  LOOP  DC-EM
PUMP RECTI FI ERfit  . .           ni 75. FERD LOOP DC-EM PUMP

&
=me /                                       77. FERD LOOP CONTROL PANEL-     '-  - f: i .         '\                     /                                           78. CHARGED WIRE FISSION GAS MONITOR  '

f      @C     @:f         8                                                                                                       808                                            " 'C h 79. D-C STARTING PANEL

\228AR,                     ,                 4,                .'.                                          .t..\ '        -i.--.----                      61           62     PRIMARY PURIFICATION SYSTEM

./      Ri
47# 9

-     ·'                     i I                   ··                                                                                 \  -re                                                                                                       80.  Ni
-Cd BATTERI ES  FOR FUM SYSTEM

81. MOTOR-OPERATED VACUUM BREAK VALVE FOR
.:..

E  9%0    9  -0  -A o    f 32' 0
82. CONSTANT POWER PANEL R

•..                                   "  V-  -     .'.-- .--'-6«"-**'-'1'i              @   . \  63 84 84. FUM ARGON CONSOLE
83. 480-V CIRCUIT BREAKER PRI. TANK HEATER SUPPLY

0. ..:,
000                                                                                                                               85.   ROTATING  PLUG  SEAL  HEATER  CONTROL  PANELS:4   0         %1. 4  @ %/1.9

69 08080 F-S-1
''ll"i,   1:IV,1': '1   "1,!111,1,  U"":"1'.1,"   l"  "'i:<    :    t-.

r- ./   64/ ': 9/- EL.
2 ....    @ . 769·:9:'7'75.

.:...
*

82

74 3
SECTION C-C

,     SECTION A-A1---+---1                          1                                                      1
10   5   0        10 20 30 40

FEET

Fig. 11. Arrangement of Equipment on Operating Floor and Balcony of Reactor Plajnt
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24

/    '. f(4147

®-h
\'>

IL-1--    :  i »31. :  S
» LEGEND

1. RADIAL NEUTRON SHIELD            
                                 

6     5  . <.   '<      '»"
11 

2. REACTOR VESSEL GRID AND CONTENTS6-0 3. PRIMARY TANK
' 4. PRIMARY TANK SUPPORT COLUMNS

:* 6...... ....»----=,=f...'...'                                5. SLAST S't,ELD6. STORAGE HOLES.../\. "... .'·' ' . ··                               'C                         7.  ACCESS TO SUB-BASEMENT
'

8. ACCESS TO SUB-BASEMENT

9. SODIUM COLD TRAP ASSEMBLY...2. :··'   7     -  .-   23    -                        10. 'D-6 ELECTROMAGNETIC PUMP
'

9 11. NaK SILICONE HEAT EXCHANGER

.t-- -     »1'  P     -1                   -
-

12. NaK A-C ELECTROMAGNETIC PUMP
10              13. MOTOR CONTROL CENTER R-7

14. AIR COOLING UNIT

1 1                                     15.   30  KVA  -  480-120-V  3 +  60 -TRANSFORMER
19                                                                                     16.  10 KVA - 480- 120/290-V  1 0 60- EMERGENCY LIGHTING TRANSF.

12

18                                                          17. EMERGENCY LIGHTING PANEL RE-I
I 7

16                                                   18. LIGHTING PANEL RL-1
15  14     13 19. EMERGENCY LIGHTING PANEL RE-2

20. MOTOR CONTROL CENTER R-3
BASEMENT PLAN (EL. 102'-0") 21. 480-V EMERGENCY POWER DISTRIBUTION PANEL RE-3

22. FUEL HANDLING SYSTEM DIGITAL CONTROL CABINET
    23. INSTRUMENT CENTER NO.' 3

24. LIGHTING PANEL RL-2

' 25. MOTOR CONTROL CENTER R-3
26. INSTRUMENT AIR COMPRESSOR

27. SUBASSEMBLY DISTILLATION .APPARATUS

28. STORAGE PIT
42

29. AEC FILTER UNIT NO. 2

('                                                           30. AEC FILTER UNIT NO. 1
31. AEC FILTER UNIT NO. 3- \'· ···                         41

-.-'f-»i--1'40
32. SHIELD COOLING EXHAUST FAN NO. 2

33. COMPRESSOR NO. 2
31     ·                                                                 '

34. SHIELD COOLING EXHAUST FAN NO. 1

35. SHIELD COOLING COMPRESSOR NO. 3                       
    '

36. SHIELD COOLING SUPPLY FAN NO. 2

.    t 1-X<&00*%=t/Ad#Vi - t.39 0
37. SHIELD COOLING SUPPLY FAN NO. 1

     38. COMPRESSOR NO. 1
00'/ C.. 39. EXHAUST TURBO COMPRESSOR NO. 2

00.-1      1.--     -.L .
40. CONTROL PANEL/\.-           2- 41. EXHAUST TURBO COMPRESSOR NO. 1

<20...:..:-·..3:" , -                          *                          37 42. ARGON COMPRESSOR

»...... @ 43. AIR COOLING UNIT

0
38

35

33   29    30   34

(
SUB-BASEMENT PLAN (EL. 87'-4")  ,

Fig·. 12. Arrangement of Equipment in Basement and .
Subbasement of Reactor Plant
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/001                              r/'\                                              /007                                                                    .'

Le4

1                           2       3                                                           4                                                      =FF       »                                                                                                                                 2 1ELECTRICAL ROOM

ELEV.    1 2 2'                                  5               1     6     1                8  C                               ...P='..    FLOOR ELEV.  122'-0"

UP·TO ©00/    726] 7                                                                               FAN ROOM

/1 9   11  IO  lilI 12 1
EVAPORATORS' -

/                   111111' I.,1.11'TROL PANE J       0 0 ©©
13            ELEV. 122' U »e    20

 ,  ,                8   23                            0  0         1     DOWN       -1     .      18        0            -11 

0          9 8   -1"          ·                0    0

27

"

SUPERHEATERS

0.                                     25
1.

r--7

A\/TRST-  4

FAN ROOM   1FLOOR
LEGEND                                                                                           '  FLOOR ELEV. 139'

1. M-G SET·500-HP MOTOR 10. SODIUM PLANT CONTROL PANEL 19. LIGHTING PANEL "BL"                                              .
2. M-G SET 350-KW GENERATOR 11. RECIRCULATING PUMP PANEL 20. 6000-GPM EM PUMP
3. SEC. SODIUM AMPLIDYNE SET 12. EM PUMP CONTROL PANEL 21. BASEMENT EXHAUST FAN 1/4 HP
4: MOTOR CONTROL CENTER S-1 13. VENT. CONTROL PANEL 22. UNIT'HEATER PANEL
5. SODIUM INDUCTION HEATING PANEL 14. ·RECIRC. PUMP NO. 1 (5-HP) 23. VACUUM PUMP CONTROL PANEL
6. SODIUM RESISTANCE HEATING PANEL 15. RECIRC. PUMP NO. 2 (5-HP) 24. GAS ANALYZER (EL. 157)
7. SMOKE DETECTION PANEL                ' 16. SODIUM PURIFICATION PANEL 25. VACUUM PUMPS FOR A-C EM PUMP CASING                                        N
8. INSTRUMENT POWER PANEL 17. MOTORIZED VALVES 3-HP 26. SUPPLY FAN (60-HP)
9. PANASCAN CONTROL PANEL 18: LIGHTING PANEL "SL" 27. SUPPLY FAN (30/20-HP)

42 L  140 1
3 1                 1

29                                 32 
29 EXHAUST FAN (5-HP)
28. EXHAUST FAN (7-1/2 HP)

30.  TRANSFORMER  ( 500 KVA 2400-240/480  V,   1 4,  60-1
31. SUMP PUMP NO. 3

CABLE VAULT 32. TRANSFORMER (45 'KVA 480-208/120 V, 30, 60-1ELEV. 103'-6"        35         33         33. CAPACITOR BANK

A 34 TRANSFORMER  ( 10  KVA 480- 120/240  V,  3 4,  60-1

36. SODIUM STORAGE TANK
35.  TRANSFORMER  (37.5 KVA 480- 120/240 V,   1 + ,  60 -) 1
37. SODIUM RECIRCULATING EM PUMP (6 KW) *36                                     38. SODIUM RECIRCULATING EM PUMP (8 KW)

UP                                                                         39. SUMP PUMP NO. 2
40. JUNCTION BOX NO. S-1

ELEV. 99'-6" 41. SUMP PUMP NO.  1
42.  TRANSFORMER  (250 KVA 2400-480  V,   1 4,  60-)

up    4 -0 IO 37

CON

91#           39           „„. 106·-6·                         •1
SODIUM WING BASEMENT BOILER WING

Fig. 13. Arrangement of Equipment in Sodium-Boiler Plant
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I8 IM

LEGEND                    0
1. 225-AMP BREAKER (DIST. PANEL)                                                       \0                 0                                      /
2, 600-AMP BREAKER (MCC F-I) 7 75 KVA
3. CURRENT-LIMITING REACTOR ARGON COMPRESSORS [Ill   (,d TRANS.

= 4. 600-AMP BREAKER (BUS OUCT) SILVER TOWER
5. 600-AMP BREAKER (EMERG. FEEDER) | <CONTROL PANEL
6. TELEPHONE ANO PUBLIC AODRESS SYS, / ARGONCELL

7. FIRE ALARM COOLING SYSTEM

,                1           J    8. MOHR CONTROL CENTER F-1               0             /      G9. 600-AMP, 480-VOLT BUS DUCT              -
10. 200-KW EMERG. DIESEL-GENERATOR                                                      CD
11. 400-AMP GENERATOR BREAKER
12. AUTO-TRANSFER SWITCH                                                     

 SUBCELL-----
  SUBASSEMBLY

-       . . .      4'        *go o MELTING 8 CASTING:  COOLING SYSTEM VALVE CABINETS 45 KVA
%15   9     ..     .

i 64 TRANS 88 4/0000 .   \<.\I         :...
FURNACE VACUUM, PRESSURE,

a COOLING SYSTEM

O        OO FTER       LVER       ' VALVE        0 4 0
1                                                                       (4/ 0000

COOLER TOWER CABINETS o

O    -0
-- 0

"t=tgLE-                               0           (3 0 0'm 1%>J MOTOR GENERATORSA    .          &                  n   #     K        11      1I L

FUEL COFFIN TRANSFER CAR , d
1

1 , LOCiittl. 5
< CAB NETS  l.      -11|   lilli Of  v LvE / 4====3

4 1    ITY·r rl
SUBCELL     ' -             11       10 0 L-J oWELDING                                                                                                                                                                                                                                                                                          o

POWER WORK STATIONS
SUPPLY               VALVE *L

1-1   ..Ills«lilI «lillI
i »»   I

\ /A
(121

11 PANELS
|

TRANS.

VALVING FOR             
r33

GAS PURIFIER

1,2.3,4<1  10 '-- -uj FILTER BANKS ...,3  -1=.v(34      1   -
5                                                                                  |                                    EXHAUST FANS

\    SUSPECT

6         3                                                                                    1 - -  -30 KVAIn] 9  n 1-1

2       3 TRANS.

-

A w
Fig. 14. Arrangement.of Equipment in Basement of Fuel Cycle Facility                                        U.1

i                                                                                \
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-'1    1   LL1111   1   1

FP-=-9---CRANE AND ====7_-- CONTROL CABLE

'ls'1,111111.-MANIPULATOR REMOVAL  FFB%    COLUMN

Lt,/BLI STER .'II'ji,lillI -

.                               1,1    il'1111111 11'gll'll'll'llj 9111111111'till'll'll'Ilill''ll'll'll'll'm111111111' el1-1 11'rellill"llIIi #(703 CRANES

4 m&0
1 ' r...a:, FE<4

--MANIPULATORS   |--/fl
. - 'imlim

.

  - f -1, 111#-5-DE- 1 i  Er-*PI ,·

I

ARGON CELL
     

AIR CELL

Jl
, I.'       ..

: Ill-Frff..__ SHIELDING ;-45519- . Il:.t   11  20'0" .155'4-16'0" - 1

  vwl WINDOWS LIJM '°t°  ·
11    :4 ]1 11Il l'HIIuMSI4IIiIIiIiI4'8'wi,imm 1 : -I-Ii]lilI

1

-

571  */ivALdou(uKM I1 mllrl1»1, in i Ly'1111111111111111111kililll1161111111 Lik:.;157* -
8111__111111111.

           SUB C.L.1.-      F          -                             f     1,           ,                         -6
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1High Density Concrete

lillI 'llillililll'l'li  Standard Concrete

Fig. 15. Sectional Elevation of Argon Cell.in Fuel Cycle Facility
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                                                                                                                    WATER STORA&E TANK
COMPONENT                                                                                '
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Fig. 19. Simplified Single L'ine Diagram of NRTS 138-kV Electric Power System
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Fig. 21. Single-line Diagram of EBR-II 138-13.8-kV Outdoor. Substation
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13.8-KV FEEDERS SYNCHRONIZING PANEL 13.8-KV FEEDERS 13.8-KV FEEDERS SYNCHRONIZING PANEL 13.8-KV FEEDERS

5. (13.8-KY FEEDERS PANEL ANNUNCIATOR) 57. MAN-AUTO. SYNCHRONIZING SWITCH 81. 13.8-KV LINE NO„ 2 5Bll-2 (CONTROL SWITCH 122. SYNCHRONIZING CHECK RELAY
6. SYNCHROSCOPE (INDICATING LIGHTS - 58. SYNCHRONIZING TRANSFER (SWITCH) & INDICATING LIGHTS - REO & GREEN) 123. 480-V BUS POWER DIRECTIONAL TRIP

CLEAR) 63. TREAT (AMMETER SWITCH) 82„ PRIMARY TRANSFORMER NO. 4 (CONTROL SWITCH (INDICATING LIGHT - AMBER)
7. (13.8-KV FEEDERS PANEL ANNUNCIATOR) 64. PRIMARY TRANSFORMER NO„ 5 (AMMETER SW.. ) & INDICATING LIGHTS - RED & GREEN) 124. 2400-V BUS POWER DIRECTIONAL TRIP

20. TREAT (AMMETER) 65. PRIMARY TRANSFORMER NO. 3 (AMMETER SW.) 83. PRIMARY TRANSFORMER NO  6 (CONTROL SWITCH (INDICATING LIGHT - AMBER)
21. PRIMARY TRANSFORMER NO. 5 (AMMETER) 66. REGULATOR VOLTAGE ADJUSTER SWITCH & INDICATING LIGHTS - RED & GREEN) 125. 13.8-KV BUS NO. 1 OIFFERENTIAL TRIP
22. PRIMARY TRANSFORMER NO. 3 (AMMETER) 66A PILOT WIRE TRIP 13.8-KV LINES 1&2 (SWITCH 84. (SPARE CONTROL SWITCH & INDICATING LIGHTS (INDICATING LIGHT - AMBER)
23. GENERATOR FREQUENCY (METER) & INDICATING LIGHTS - RED & GREEN) - RED & GREEN) 126. 13.8-KV BUS NO. 2 OIFFERENTIAL TRIP
24. SYNCHRONIZING INCOMING (VOLTMETER) 67. FIELD RHEOSTAT CONTROL SWITCH 99. 480-V LINE NO. 1 TRANSFORMER NO„ 5 (INDICATING LIGHT - AMBER)
25. SYNCHRONIZING RUNNING (VOLTMETER) 68. GOVERNOR (CONTROL SWITCH & INDICATING (CONTROL SWITCH & INDICATING LIGHTS - 132. GENERATOR OIFFERENTIAL TRIP (INDICATING
26. GENERATOR POWER FACTOR LIGHTS - RED & GREEN) RED & GREEN) LIGHT - AMBER)
27. PRIMARY TRANSFORMER NO. 4 (AMMETER) 69. PRIMARY TRANSFORMER NO. 4 (AMMETER SWITCH) 100. 2400-V LINE NO. 1 TRANSFORMER NO. 3 134. TEST (ANNUNCIATOR PUSHBUTTON)
28. PRIMARY TRANSFORMER NO. 6 (AMMETER) 70. PRIMARY TRANSFORMER NO. 6 (AMMETER SWITCH) (CONTROL SWITCH & INDICATING LIGHTS - 135..RESET (ANNUNCIATOR PUSHBUTTON)
29. (SPARE AMMETER) 71. (SPARE AMMETER SWITCH) RED & GREEN) 136. SILENCE (ANNUNCIATOR PUSHBUTTON)
39. TREAT (WATTMETER) 75. TREAT (CONTROL SWITCH & INDICATING LIGHTS 101. GENERATOR EMERGENCY TRIP (CONTROL SWITCH) 137. TRANSFORMER NO. 5 DIFFERENTIAL TRIP
40. PRIMARY TRANSFORMER NO. 5 (WATTMETER) - REO & GREEN) 102. 2400-V LINE NO. 2 TRANSFORMER NO. 4 (INDICATING LIGHT - AMBER)
41. PRIMARY TRANSFORMER NO. 3 (WATTMETER) 76. PRIMARY TRANSFORMER NO. 5 (CONTROL SWITCH (CONTROL SWITCH & INDICATING LIGHTS - 138. TRANSFORMER NO. 3 DIFFERENTIAL TRIP
42. GENERATOR (VOLTMETER) & INDICATING LIGHTS - RED & GREEN) RED & GREEN) (INDICATING LIGHT - AMBER)
43„ GENERATOR (AMMETER) 77. PRIMARY TRANSFORMER NO. 3 (CONTROL SWITCH 103. 480-V LINE NO. 2 TRANSFORMER NO. 6 139. TRANSFORMER NO. 4 DIFFERENTIAL TRIP
44. GENERATOR (WATTMETER) & INDICATING LIGHTS - RED & GREEN) (CONTROL SWITCH & INDICATING LIGHTS -· (INDICATING LIGHT - AMBER)
45. GENERATOR (VARIMETER) 78.  13.8-KV LINE NO. 1 5811-1 (CONTROL SWITCH RED & GREEN) 140. TRANSFORMER NO. 6 DIFFERENTIAL TRIP
46. PRIMARY TRANSFORMER NO. 4 (WATTMETER) & INDICATING LIGHTS - RED & GREEN) 117. TREAT KILOWATT HOUR (METER) (INDICATING LIGHT - AMBER)
47, PRIMARY TRANSFORMER NO. 6 (WATTMETER) 79. GENERATOR 5811-10 (CONTROL SWITCH & 118. GENERATOR KILOWATT HOUR (METER) 141. TURBINE LOAD LIMIT INDICATOR
48. (SPARE WATTMETER) INDICATING LIGHTS ,-RED & GREEN) 119„ CUT-OFF RELAY 142. TURBINE LOAD LIMIT SWITCH RAISE-OFF-LOWER
55. GENERATOR (VOLTMETER SWITCH) 80. 13.8-KV BUS TIE 5811-12 (CONTROL SWITCH 120. (SPARE KILOWATT HOUR METER) 143„ GENERATOR OPERATING TIME
56. GENERATOR (AMMETER SWITCH) & INDICATING LIGHTS - RED & GREEN) 121. SYNCHRONIZING RELAY

NOTE: DESCRIPTIONS IN PARENTHESIS () NOT ON NAMEPLATES

Fig. 22. Electrical Control Panels E-5, E-6, and E-7
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3 - INCOMING LINES PANEL ANNUNCIATOR 90 - 13.8 KV LINE NO.. 1 VOLTMETER SWITCH

12.- 138 KV LINE NO. 1 VOLTMETER 91 - 13.8 KV LINE NO. 1 AMMETER SWITCH

13 - 13.8 KV LINE NO. 1 AMMETER                           92 - INTEGRATOR
14 - 13.8 KV LINE NO.'2 AMMETER 93 - 13.8·KV LINE NO'. 2 AMMETER SWITCH
15 - 1·38 KV LINE NO. 2 VOLTMETER 94 -· 13.8 KV LINE NO. 2 VOLTMETER SWITCH

1                                          35 - 1·3.8 KV LINE NO. 1 VOLTMETER 108 - TAP CHANGER SWITCH TRANSFORMER NO. 1 ANP
36 - 13.8 KV LINE NO. 1 WATTMETER INDICATING LIGHTS (AMBER-RED)

' 37 - 13.8 KV LINE NO.. 2 WATTMETER 109 - TAP CHANGING TRANSFER SWITCH
38 - 13.8 KV LINE NO. 2 VOLTMETER 110 - INTEGRATOR
53 - 13.8 KV LINE NO. 1 VARMETER - COVER PLATE
54 - 13.8 KV LINE NO. 2 VARMETER 112 - TAP CHANGER SWITCH TRANSFORMER NO. 2 AND
59 - TAP POSITION TRANSFORMER NO.  1 INDICATOR INDICATING LIGHTS (AMBER-RED)

1                                                                                                                                              60 - KW-KVAR TOTALIZING RECORDER 115 - TOTAL INCOMING WATTHOUR DEMANDMETER
TRANSFORMER NO. 1&2 116 - TOTAL OUTGOING WATTHOUR DEMANDMETER

61 - TAP POSITION NO. 2 INDICATOR· 134 -  ALARM TEST ANNUNCIATOR· PUSHBUTTON
« lf- 73 - 138 KV LINE NO.- 1 VOLTMETER SWITCH 135 - ALARM RESET ANNUNCIATOR PUSHBUTTON

,» 74 - 138 KV LINE NO. 2 VOLTMETER SWITCH 136 - ALARM SILENCE ANNUNCIATOR PUSHBUTTON

1,

 1                               Fig. 23. · Incoming Lines Electrical Control Panel E-3 )

1 1
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4 - GENERATOR INDICATING PANEL ANNUNCIATOR 98 - GENERATOR FIELD BREAKER CONTROL SWITCH
16 - GENERATOR TEMPERATURE INDICATOR & INDICATING LIGHTS (RED & GREEN)
17 - GENERATOR FIELD AMMETER 133 - RECORDING VOLTMETER
18 - GENERATOR FIELD VOLTMETER 134 - ANNUNCIATOR ALARM TEST PUSHBUTTON
19 - AMPLIDYNE OUTPUT VOLTMETER 135 - ANNUNCIATOR ALARM RESET PUSHBUTTON
62 - KW-KVAR RECORDER 136 - ANNUNCIATOR ALARM SILENCE PUSHBUTTON
95 - TEMPERATURE SELECTOR SWITCH 149 - SOUND POWER PHONE JACK
96 - BUS NO. 1 & NO. 2 VOLTAGE TRANSFER SWITCH 151 - FIELD EXCITER GROUND TEST PUSHBUTTON
97 - REGULATOR ON-TEST-OFF SWITCH & INDICATING 152 - FIELD EXCITER GROUND LIGHT (WHITE)

LIGHTS (RED & GREEN)

Fig. 24. Generator Indicating Panel E-4 ..
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Fig. 25. Protective Relaying--13.8-kV Single-line Diagram
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- 52'               0
TO..·='.,= SPARE SPEED RESET TO OPERATE TO.138 KV
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Fig. 26. Elementary Diagram--13.8-kV Breakers 5Bll-1, 5Bll-2, and 5Bll-12
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Fig. 27. Elementary Diagram--1318-kV Breakers for Transformers No. 3 and 4
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Fig. 28. Elementary Diagram--13.8-kV Breakers for Transformers No. 5 and 6
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l,)                     .1                                                           
  VENT TO

f ,1 *1 11 'f-'t«
AIR· RELIEF VALVE

PH53  PHI19 0 PH52 PH48
XPH63 9

ATMOSPHERE PH70 PH71
OUTSIDE

INLET -1.1
SET   AT   1 00   PS 1     -\                                                                                                            Ll

BLOWER
PHt,7

DRYER OR CALI-
TO PURGE GAS

1 PH59 1  PH46

1

..8 + - .

PH64

PH72     PH73   PH74  |VENT TO

OUTSIDE                 M_ 
Pli57

.=C>,g-« -  -
t,1160

(-3    - BRATE PORTABLE
ATMOSPHERE 31-a..J ba 1

PH"I   .11.1   1/
..56

A- 9    /31 nle PH65 PH67

PH58. PH60 L__ . i --6 -K    K    -' ..lk «» v'.   ' -»HB I PH69 NECT BOTTLE TO

2 41 REGULATOR

PH40
DRAIN

L.

3 PH.

GAS DRYER WATER DETECTOR
Hl MANIFOLD & CONTROL VALVES PURGING VALVES (02 MANIFOLD & CONTROL VALVES

Fig. 35. Flow Diagram for C02 and Hydrogen
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17.-:-1-4"Na"&/ -/0-
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Wilitei' 1
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012        16      13 0

101            1 1,an r-3 -            '9
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dmillililiwEwgiiallillililia

1. HORN 12.  RATE OF FLOW ADJUSTMENT (COLLECTOR END)
2.  MACHINE GAS PRESSURE (INDICATOR-HIGH) 13.  RATE OF FLOW ADJUSTMENT (TURBINE END)

3.  FLOWMETER FOR GAS ANALYZER 14. MILLIAMETER

4.  SCAVENGING RATE COLL. END (ROTAMETER) 15. POTENTIOMETER AND SWITCH

5.  MACHINE GAS PRESSURE (INDICATOR-LOW) 16. ANNUNCIATOR

6.  SCAVENGING RATE TURBINE END (ROTAMETER) 17. REMOTE ALARM CUT-OUT ( PUSHBUTTON)

7.  DIFFERENTIAL FAN PRESSURE (INDICATOR) 19.  D.C. PILOT LAMP

8.  SELECTOR VALVE SCAV. GAS 20. ALARM LAMP

9.  SELECTOR VALVE SCAV. GAS 21. DROP RESET

10.  H2 'PURITY, GENERATOR CASING (METER) 22. SIGNAL RESET                                                 -

11.  H2 PURITY, SCAVENGED GAS (METER) 23. SIGNAL RESET                                                                   -

Fig. 34. Hydrogen Panel
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-

REACTIVE CAPABILITY CURVES                                                  -

FOR STEAM TURBINE-GENERATOR UNIT
ATB-2-POLE - 25600 KVA - 3600 RPM -

13800 VOLTS - .85 PF 30 PSIG H2,
1070 ARMATURE. AMPS - 250 VOLTS EXCITATION

MANUAL CONTROL
'

c                                                                 OF GENERATOR EXCITATION
j     . 1
0 a 30 PSIG H 1.  OPERATION OF THE GENERATOR SHOULD BE

Z  A- 2 ABOVE CURVE "DJEF", THE LIMIT IMPOSED
(0

A 15PSI \                                                          2.     AREA   O  B  F  E  O"IS THE NORMAL

BY SYSTEM STABILITY AND ARMATURE CORE

w                              .85 PF (RATED) END HEATING.

8 15 A 1/2 PSIG
-B B OPERATING RANGE OF THE GENERATOR.

2                                8                              3.  CURVE "A B" INDICATES THE DESIGN
J LIMITS OF THE GENERATOR FIELD (ROTOR)

·10 HEATING.

4.  CURVE "B F C" INDICATES THE DESIGN
./

          5                                                                         
          11                       F                                                         LIMITS  OF  THE   GENERATOR  ARMATURE(STATOR) HEATING.

5.  CURVE "C D" INDICATES THE DESIGN
1. LIMITS OF THE ARMATURE CORE END

E                                 HEATING..
§O -1.0 P F 6.  OPERATION OF THE GENERATOR IN AREA
-                   0 '       5              1 0             1 5

125 
"0 A B 0" COULD BE USED WHEN LOW

1000 KILOWATT VOLTAGE CONDITIONS EXIST ON THE NRTS
0 SYSTEM AND IT IS DESIRED TO USE THE

       5                                       /           /C i '  GENERATOR TO HELP RAISE THE VOLTAGE.

7.  OPERATION OF THE GENERATOR Ill AREA
'-' / )     »   6.       -     ........U--J=-C) , VOLTAGE CONDITIONS EXIST ON THE NRTS

  ' RJSS/ SYSTEM AND IT IS DESIRED TO USE THE
GENERATOR TO HELP LOWER THE VOLTAGE.

8

R 15 .ZL
8.  CURVE "HG" IS THE LOCUS OF POINTS AT

WHICH THE GENERATOR WILL PULL OUT OF

W  H
SYNCHRONISM.

9.  LINE "RS" INDICATES THE REACTIVE-AMPERE2
- LIMIT START LINE SETTING OF THE VOLTAGE

REGULATOR EOUIPMENT.

Fig. 36. Curves of EBR-II Generator Reactive Capability

t

-

\ 4//A
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350 l i l l i
.-

300 ...'                                           -

250 STABLE AREA -

*

200 RECOMMENDED MANUAL

13
OPERATING L I M I T

0.

PL                            *ill75.                         \          9d               REACTIVE AMPERE
2   150 - LIMIT START -

(AUTO)

PULL OUT LIMIT100 -                                         -

UNSTABLE AREA

50                                                                                      --

\

lili.1
0               5            10            15            20            25         30

POWER OUTPUT - 1000 KILOWATTS

'  Fig. 37. EBR-II Generator Pull-out Limit and Operating Limit
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A                                                                                                                                  LEGEND

5    -               le[               31            1              =
V

25-1
; „- I  Z „-2 1,5,- I 13S 25-1   SYNCHRO-CHECK  ( IN  138 KV SYSTEM)

-           9          91,3,             61           f3:           FI_ l. 25-1 25X-1 25-1      | 25-1

25 - SYNCHRONIZING RELAY (IN 13.8 KV SY.STEM)
2                                                                                                                                                                                                                                        25A- SYNCHRONIZING CUT-OFF RELAY
3                                             1-11                                                                                                                                                                                                                            j                                                                                                     25X- 1 25X- SYNCHRONIZING AUXILIARY RELAY

 25 25 25*r T#350 2519 7 3SA 25X 43 SA 25X 43SA :3 - a   O %   4     v
E -P-  - 5 -     52          ' ICS 27 - UNDERVOLTAGE RELAY

1 21   f-'    '1-1 . u        _       2 2                                                       27
m

43 - SELECTOR SWITCH
52 - OIL CIRCUIT BREAKER

-       16 -
43St CLOSE »CLOSE' CLOSE -CLOSE-'                               Z

5 2-: 5811- 89 - MOTOR OPERATED DISCONNECT SWITCH

T  CKT. BKR. CKT.BKR. CKT. BKR. CKT. BKR. SS - SYNCHROSCOPE-                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              ,

26X·< 

5811-1 5811-2 5811-10 5811-12
.:      i l l       J

U..A·/.'ll- .
11, CLOSE 258- SYNCHRO-CHECK

1  '1
- CKT.BKR. 62D- TIME DELAY RELAY (D.C.)

8811-1
62I-. TIME DELAY RELAY (INCOMING)

(-) , /3 L 8HII-4-34- - 1        I

BIlli-3    |ax 1                                                                                                                                                                                                                                           . CE,1 T -/--1= .-I -
1 ..

SPARES 8811-1 1/1
r )10       00 0 0 .

00"I f       A138 KV LINE 138 KV LINE

TO SPERT  - -      1 0 0    52      0 ,                                                                            7.c

TO ANP
B              I.

, - *. 0
O C J . T  -  - .

8                                                                                  1           1    -SHIt-2
MAN-OFF-AUTO SYNCHRONIZING SWITCH

8Tll-2

-111.4, CSWITCH DEVELOPMENT 43SA

TRANSF. #1                -- - -
TRANSF. #2

--- _-_ -(89 J B

POSITIONS 132/13.8 KV. 30. 60041 11_+j" l.__PT r 132/13.8KV. 3 0, 60,u,•r.·r..i

CONTACTS 12000/16000 KVA
1 ,<C

1

2000/ 1 6000KVA        "     '"-Fy             A <,18

MAN OFF AUTO   8       3                                       NC B
I X     X    A  . -t[]h    ,--lt '4,1 04k0&4 Fo

151111213E- =
2      X                 X                                                                                                                                                                                                                                                            -  6-          Ill, 1,00/12OV

3   0-1 1-0   0-11-0   4      3          X                          X                                                                                                                                                                                                                                                                                                                                                                                                                                      // 1 It

4   X                    C                                                                                                                  -3 --   |
5                   X

5 041-0  041-0   6

1) 6) )
5Btl=l

13.BKV BUS SECTION NO. 1

5811-12 )2 )
5811-2

7    X
7 0-140 04 Ao 8 .-I 13.8KV BUS SECTION #2on                                     81

1              -     19 X                     -

w w  0-11-010       0                                     x                                                                                                                                                                                                                1                                                                    -                      T

d.1    1 1 UU   (SYNCHRONIZING TRANSfER SWITCH                                                                A c             
5811-10

A c          14,400/12OV .

118,400/,20' 47 A-i-||,  r 02AI ,120, A/' 1" AJn 
SWITCH DEVELOPMENT 43S

POSITIONS
CONTACTS   CBUS                                                                                                                                 C

TR2 TRI GEN OFFTIE

X              X
1 1 3 4 = 2 , 3112                           X -(D--€>-

3       X                            AL| A- 1                        ss ss3  04 H o·q H 4 C C
4 X X

RUNN I NG INCOMING
5           X                                                                                                           GEN

5 0-11-0 0-1 h.0 6 8                  x                                                                                                          13.8KV.
25,600KVA --VMVM
3  0,    6070
85% PF

7  H 1.-0 0-1H0  8                             X                                    7                                                                      1         6      ,                                                     2             4                                                                         9                                                     258       25 8X                    = 1135 435 - 435 - 113S - 43S
113S- _31.-3t_ 4/-*.-4/- 1 L=

18   13 2 -
9 X

;
AUX

-             T- I T INCOMING 43SA

10 X 0111
1 t 014 8-             25

25
RUNNING 50, ,11 X XX          U               J

1 10-1  H)  0-1  Fo 12 2||  --      '     -  015
12         X GROUND Z' 62I 6-

0                         U                                                                  Lu l u            016

f    /:7 8 62D

_&22. 1 2  '-'\r-
T.D.C. -r

25*=
5 1    toz 1135A621  1

T.D.C. -r-Fig. 38. Elementary Diagram of Synchronizing Circuits
-

tils
125 V. D.C.

SYNCHRONIZING
CIRCUIT
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0-
0

;
GEN.

GEN. GEN. BUS EMERG. LOSSGEN. OVER- UNDER FIELDGROUND · REVERSE TRIP                                            OFDIFF. CURRENT SCRAM FREQ, BKR.

87G                               
VOLT ,EST.

POWER DIFF. P.B. FIELD
i                                                                             32 868-1 & SWITCH                                          40

81-1 (OPEN

1                 ,       ·                                                        15,·KER-.

T BKR.

P 4

HAND HAND CONTROL
RESET RESET SWITCH
866 86E

i     .    1 1       21 52b

GEN.

OVERSPEED MANUAL LOW TURBINE TRIP BKR.

VACUUM TRIP FIELD
SOLENOID BKR.

1

1 7

STOP
CONTROLVALVE
SWITCH

CLOSED

t,4
TRIP
GEN.
BKR.

Fig. 39. Tripping Block Diagram for the EBR-II Turbine-generator

-.
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13.8 KV BUS SECT. #1

DIFF. TRIP RELAY

13.8 KV SWG'R BUS SECT. #I

4 -- - 4- il.             -

V

6811-,O -Y' F
--=

1 1                                                           TO

W      I                                                                            SYNC.\/    1
3 1

43S
DATA-LOGGER 4    0

SEL.SW.

* A        REr
AR                       Ab 44 A      A                          

                w

.  -MN j

Er  - 5IV      32       AS     113A      PF       W      VAR      TC       TC      WH

8 -73          8
13.8 KV  1 7 A   h
BUS #1 14;400/12OV C

74 p. s 74· s
DIFF.

r«'3i*'.

. O . 0 .                     I

-11=E-1,                    t,1'1  1                          .L+  m m A 61064/4/»' v
m.:.,_11

i i                   i        r.\,fA 43 1 /861   /88'\ 1
1 W                                                                    1       Uy   (TR j 2

1  83                                                                                                                                   
 0                     1         \«Im  I

1 '-AJ i f -   53.1 6
t MAIN lj- f =   f.e= S
\15/i li    i

r-

.-          »   4.  »S» t  

1 1 - D-----t
IJ il

1                   1        1            +

111.11»     , 'b»*-r---- --*-----&-'A..*26,- *  cw,          1
i_ --------L-----1--4

'2,8      (I )-0 -         .  .     ':85,0
- :.S'-t.4.< CBS-1

A-l
/                    ;              TURBINETI  T3             TA            // 1 1    \      STOP

c.-' E l                                            ,    
    ,·,·,/ GEN \ /1 ! 1

f 25600 KV4 it r--1 /l A i l\ 13.8 KW 5- FLO.DISC
85.PP' c- /    EMERG.TRIP  |

1-G] 5'
RES.                                                                          *

VOLT                    X                1REG & TO GEN.
CONTRO

SCRAM *      DIFF.TRIP1-81    - f = ALARM
RELAy TO SOLENOID

       §2 3                                                     TRIP VALVE@ --3            7
ON TURBINE

  NEUTRAL

---------- -+-

LEGEND

26 - TEMPERATURE INDICATOR
32 - DIRECTIONAL POWER RELAY

/40  -  LOSS  OF FIELD RELAY
f 41 - FIELD BREAKER
43 - SELECTOR SWITCH

69/5:N - GROUND OVERCURRENT RELAY
5IV - OVERCURRENT RELAY
70 - EXCITER FIELD RHEOSTAT

81 - UNDERFREOUENCY RELAY
83 - TRANSFER RELAY
88 - LOCKOUT RELAY

876 - GENERATOR DIFFERENTIAL RELAY
90 - VOLTAGE REGULATOR

Fig. 40. Single-line Diagram for EBR-II Generator
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 :   1=52, -    1-                      ,   C,                       3,43    -
1
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l ,/6 1:5 8.-
52X l 876                                                                                   5

'lop.8. 1-
=1135

3-CS                4                      f- 33    1   HC       5
llc f  Hc                           1                                                                                        W            BBE Z

„,t --1-' ·„A                  J„ ,          C      ,            o ® - (CBS -11   2   B I V            2=B I N   3 2 5
. ETS = !22 Xpost

2 AUX SW./.

=111 . 8BG Z5IV    =51 V .BON 380-. Cpxk 440 41 ,
POS.SW - 876

I
-1-876 1876 22 3         5c BUS0                           2 T l,T  1 2 T·1.=111 a

-                   -        1  3 87,1  3 87,1   87,W                                    V                                                             k  52 b

1    - f   » . - / - _ 1 1.1 i 1
0 1

     52£C   -48BE                                                                                                                                                                                                                                                   .                              -81-!n
J » 2 2 -- 52.a -  AUX

:  1 4.6CY
-'      "                              -                                                     8862   ==

BeE

v   f--1 ,™ ' -62 a
 11.- Z 52a

 52y                 v                                               -
I                                                                                                                                   9681-1

<52'   6;h          @          sy                                        ® G O -    ( 9                                       HTS©
/82'\ •

I.»5.-- 1 88 E  T
+- 1

r-0643 A1 t I T --1                                                         El-
-                                   1-L»0-0

11

1 11 1 91 1--1 - F-1 CONTACTS POSITIONS

ON    OFF

-                                                           Fi                      1        I.   4.1" -11  "          t:j             0              fr'       fl 1 RR 5-1 » N 19 2  .;          X

V \ .       v
/\ 301  004104  3        X

4     X
SPEED. BKR.. TRIP FREO. TRIP FIELD BKR. BKR. POSITION SPARE      I SWI·TCH. DEVELOPMENTRESET & ANNUNCIATION INTERLOCK ·IRIP, INDICATION DEVICE 43M

INITIAL PRESS INTERLOCK AT SCOVILLE
r TRANSFER.

HTS - HAND TRIP SOLENOID                              '
'

CONTACTS  TRPOPS'UN N ALSTD - SOLENOI D TRIP DEVICE

CS - CONTROL SWITCH 1 0-1» 2             X
25X - AUX. TO SYNCHRO CHECK RELAY 3(»|k-04 X

POSITICNS 32 - REVERSE POWER-RELAY

CONTACTS- EEiN:It==311                                41 - FIELD CIRCUIT BREAKEN

SWITCH DEVELOPMENT110  -  LOSS OF  Fl ELD RELAY DEVICE 43

1 X 43 - TRANSFER SWITCH   '                                                               POSITIONS6119  el 192 CONTACTS
2   X                                                           50 - INSTANT. OVERCURRENT RELAY                                - TRIP NORMAL

 1         3                 x                                        51 - OVERCURRENT RELAY
1 52 - CIRCUIT BREAKER                                  ·                                1-11-413 1   X

52AX - AUX. TO DEVICE 52 2 X              '
L    65   X'   X    X    X el - UNDERFREOUENCY RELAY SWITCH DEVELOPMENT

6 XX
87 - DIFFERENTIAL RELAY SPRING RETURN TO NORMAL

7              7          XXWk CPX - REACTOR OPERATING SHUTDOWN AUX. RELAY DEVICE ETS
/                  88 - LOCKOUT RELAY

L.4,09 XXX ETS - EMERGENCY TRIP SWITCH

10  X    X 33(CBS) - STOP VALVE POSITION SWITCH
43S - SYNCHRONIZING TRANSFER SWITCH

SWITCH DEVELOPMENT 43SA - MAN-AUTO SYNCHRONIZING SWITCHSPRING RETURN TO NORMAL
43M - PILOT WIRE TRIP SELECTOR SWITCHDEVICE CS

Fig. 41. Elementary Diagram of 13.8-kV Generator Breaker

1
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92
[39]

r                    PRIMARY PUMP NO. 1

0
[55]                                                                  22/ 0 0 ;CE] 00                                                          0                                                        r_171Ill]0000 CIE]   [i63 [iI] .00000 0 0 0 0 0

Cig]
CIE]  CE]  C-E]   CTI] Oi3 C-53 C 63 ci]
  91   0. 0 1] ® 41

1 1 100
'[D'  1           g"I   gs,    i          tif                            j
C6-3 L12-1 [-63 Cii] Ci3] Cip
o O [--1 Floo O 0 1  1 FlOO
[*3  1--1 L--153] ] Elogl

    U    1-1[38 [5@

001. C421 00
-[18] EFIJ O 0

 ]    32                    0 0
00 00

Ii] 32251

[103 [ ] . 1  - [i] [I53

[Fi] [25] Ciii]

1

PRIMARY PUMP NO. 2

PRIMARY PUMP NO. 1 M-G SET PUMP CONTROL PANEL PRIMARY PUMP NO. 2 M-G 'SET
CONTROL PANEL                                                    CONTROL PANEL

1. RUNNING HOUR METER - M.G. SET NO. 1 23. BRAKE RESET PUSHBUTTON
2. RUNNING HOUR METER - M.G. SET NO. 2 24. CONTROL POWER SUPPLY CONTROL SWITCH &
3. ANNUNCIATOR INDICATING LIGHTS (GREEN, RED)
4. M-G MOTOR AMMETER & AMMETER SWITCH 25. SPARE THYRATRON "ON° - INDICATING LIGHTS
5. GENERATOR VOLTMETER & VOLTMETER  SWI TCH ( CLUTCH RED, BRAKE RED)
6. GENERATOR AMMETER & AMMETER SWITCH 32. EDISON MONITORING SYSTEM
7. GENERATOR FREQUENCY METER · 33. PUMP MOTOR A * UNDERCURRENT (RED
8. MOTOR CONTROL  SWI TCH & INDICATING LIGHTS INDICATING LIGHT)
9. GENERATOR BREAKER INDICATING LIGHTS 34. PUMP MOTOR C 1 UNDERCURRENT (RED

(GREEN, RED) INDICATING LIGHT) ..+

10. BLOWER CONTROL SWITCH & INDICATING 35. PUMP MOTOR A 1 UNDERCURRENT (RED
LIGHTS (GREEN, RED)                              INDICATING LIGHT)

12. GENERATOR WArrMETER 36. PUMP MOTOR C * UNDERCURRENT (RED
13. EXCITER AMMETER                          ·       INDICATING LIGHT)
14. EXCITER VOLTMETER 37. TOTAL HOURS RUN PUMP NO, 1
15. ANNUNCIATOR RESET & SILENCE        -       38. TOTAL HOURS RUN PUMP NO. 2
16. REFERENCE VOLTAGE RESET 39.    CLUTCH   COOL I NG WATER  D I SCHARGE TEMPERATURE
17. ANNUNCIATOR RESER & SILENCE 40. WATER DISCHARGE TEMPERATURE SELECTOR
18. CLUTCH FIELD AMMETER 41. PRIMARY PUMPS EXCITATION POWER SUPPLIES -
21: TACHOMETER START, STOP
22. CLUTCH EXCITATION CONTROL SWITCH & 42. TEST LIGHT PANEL

INDICATING LIGHTS (BLUE, RED)

Fig. 42. Primary Pump Control Sections of Corridor Panel
f
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./1.

.  4. 2
--    .   .   m   11 - 11 S  *1»1:4 ../.-"*j,Al#

mugg'Im r:,1 r-zr Yrr12isl Esi iptl e,-1
11 753 71= 15 0 0.0 0 0re e WLe re 30 r31-1 M        r35-1         r-SIFI0000Glegre 49        1#     FET-1     07

0
555 888

134 135 136

080
Q

EM--] 1-N--1 1-al-1 70 30

 :W••i. 00 000
      [T573

.... 127 0 0 128

0 E# 0 0

92       1 #to
P

2 - (2400V PANEL ANNUNCIATOR·) 72 -.2400V BUS (VOLTMETER SWITCH)
8 - SECONDARY PUMP (WATTMETER) 85 - SECONDARY Na PUMP (AMMETER SWI'TCH)

9 - PRIMARY SODIUM PUMP NO. 1 (WATTMETER)  86 - PRIMARY Na PUMP NO. 1 (AMMETER SWITCH)
10 - 2400V BUS (VOLTMETER) 87 - CIRCULATING PUMP NO. 1 (AMMETER SWITCH)
11 - PRIMARY SODIUM PUMP NO. 2 (WATTMETER) 88 - PRIMARY Na PUMP NO. 2 (AMMETER SWITCH)
30 - SECONDARY'SODIUM PUMP (AMMETER) 89 - BOILER FEED PUMP (AMMETER SWITCH)
31 - PRIMARY SODIUM PUMP NO. 1 (AMMETER) 104 - PUMP HOUSE NO. 1 (AMMETER SWITCH)
32 - CIRCULATING PUMP NO. 1 (AMMETER) 105 - WELL PUMP NO. 2 (AMMETER SWITCH)
33 - PRIMARY SODIUM PUMP NO. 2 (AMMETER) 106 - CIRCULATING PUMP NO. 2 (AMMETER SWITCH)
34 - BOILER FEED PUMP (AMMETER) 107 - INDUCTION HEATING (3W, AMMETER)    
49 - PUMP HOUSE NO. 1 (AMMETER) 114.- PUMP HOUSE NO. 1 (CONTROL SWITCH)
50 - WELL PUMP NO. 2 (AMMETER) 127 - (INDICATING LIGHT - GREEN)

' 51 - CIRCULATING PUMP NO. 2 (AMMETER) 128 - (INDICATING LIGHT - RED)
52 - (SPARE AMMETER) 134 - TEST (PUSHBUTTON - ANNUNCIATOR)

135 - RESET (PUSHBUTTON - ANNUNCIATOR)

136 - SILENCE (PUSHBUTTON - ANNUNCIATOR)

NOTE: DESCRIPTIONS IN PARENTHESIS ( ) NOT ON NAMEPLATES

Fig. 43. 2400-V Electrical Panel E-2
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TO 13.8 KV BUS SECTION-No. 1  UNIT No.3   -,r --- -- T013.8KV TIE BREAKER =------ -1 TO 13.8 KV BUS SECTION No.2 UNIT No. 12
/                                         /8                         162<38,4-(62>-- _.To 13.8 KV BUS •1                                                                                                                                         ,LOOKOUT RELAY T00  OBUXTVRBEULSA;24- - -<62o.t4                               '   8TRANSE Najwjk                    -

4- 4 A--     13.8/2.41(VI  514 TTO ANNUNC. -         TO ANNUNG. --3- -516-- T 13.8/2.41<VI    A-3\
D'-       .ASIG/TRANSE NO. 

f  b »»*,lii?06KO A 6  0/5»Il' , 11-O.        W600,5.23500.O6KOV  IY-i1- j/   E              -- -«4
1 A -78 c (SE) ®  -  800/54 -4  AveV t800/5A9        »         03 »01 «4 3          C

3800/SA             -  - 800/5A:-IL 1              E
                        te   @--@                ,·                       0                            1,A FOOA

  1- - - - +ANNUNCIATOR I 1200AL--- ------*4----- -1-- - - -       - - - - = - - - - - * -»---
2400V SWITCHGEAR

1 2                                                                                                                                                                                                                                             10                       11             '

9", ' =,7 i ,     t):PIA      ' 1,0-0-An  1
t,I„,A E--1»•--t®le- -9. * - -   1200 A               , 1200 A1.---7

1

1                 4                                          '1.--- T.--LUAA TEER\/                             V \/ ANNUNG. -      1 "
  V·             

V
1

V
I

 1 .»u 8 REACTOR  r - -14 4*    4 4S RAM         I

-             A                               r-1--       1\2/ 1 50/5A
 300/5 |300/5100/5 A |100/5 200/5A
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W                2400- Lua.J A     CLu-.ul500 KVA 49-THERMAL OVERLOAD DEVICE
240/480 0» 3 rory- 2400- 49X-AUX. TO DEVICE 49

(400) (400) 1 E-® (5001
550 NO. 1           NO.

2  lf) BOILER 5OX-AUX. TO DEVICE 50

1

0 ,  604            A - 8            1 240/480V- 50-INSTANTANEOUS OVERCURRENT
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FEED WATER

1 0,60(u    (800)

,»<CLUTCH »< CLUTCH CONDENSER GIRCULATJNG
-                       61 -CURRENT BALANCE RELAY
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KW <                             < WATER PUMPS 80Olt | ]}13

PUMP 51 -TIME DELAY OVERCURRENT RELAY

LOW 9OV HIGH Li»r----- -\                     _         1               61*AUX. TO DEVICE 61
) soo A           ) 600 A PUMP „--3-5OK*-31- TRIP   ( -1 +  2000/5AC 62-TIME DELAY RELAY

WELL TEMPf    1LEVEL

No.2 TANK . LOW 1 34, A(KWO-4OOKW 63-PRESS. OR LEVEL SWITCH

SURGE 800A /

1340 KVAR -14
<16- LEVEU . 1 -_Lj            •'            64-GROUND DETECTION RELAYREACTOR TRIP l-4 24

86 -LOOKOUT RELAY--Pr-

 )NO. 1

  NO.  2          1                                                                                              SCRAM                                   FXE-1

1 1 .1- 1 )»004   )
·43--(25) 1

11 67  -DIRECTIONAL OVERGURRENT RELAYPRIMARY PUMPS 1 3 KVA
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-DIFFERENTIAL RELAY

  2300-230/
115V .=7
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/     YYY 12400- 480V (4 SODIUM INDUCTION 9OV-VOLTAGE REGULATOR-

tP -F"T"t6      1
SURGE TANK IMMERSION

HEATERS · liu-u   · H EATERS

1 @ @K =It      1       1      1       1                 1            1     It,  1,
PUMP HOUSE No. 1

49 461 - -1  IOOA ) IOOA  IOOA  60A   ·ISA       30* .-  IOOA 3OA '3OA )IOOA
1

1-« 1-1-      1     1     1
10KVA

4/8     .1 1-'1-.41,2004      1)           1.,            1

61      --(e--
J  ri 1-1   -1- -lf'»-1 L r-» =7 r=. C 120/240

480-
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 * AS

A

-4       tef A,      te,«.,1      @         ' 1«11--'I'42' A.- LIGHTIpG PANEL
SPARES

WELL                                     (2)         (2)         C 50 3 (/1/2 7      - - ( 1/2 \2-7 (63) (8,1 /1\ ML
\»te/ Acte/ \.!f/ TEST' PUMP WATER SERVICE PUMPS \-L./ CONDENSATE PUMPS WELL

No.1                                             -i                                                                           WELD
RECEPI

* - LOCATED  IN MAIN CONTROL  ROOM Fig. 44. 2400-V Single-line Diagram for Protective Relaying
"
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-0-0 *
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'llc, 62  62SI

47 767-1
>67-2,   67-£321 T

T.1

113                          - 86 T3-86H
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2                                                                                                                              1 TX cs - CONTROL SWITCH
cs

1   ED   e      . . '         C)                 2

  86Ta
- 52, T     T                   T   T                      5,         e    Lili     I__.      El                RES                                                                        50

- INSTANT. OVERCURRENT RELAY

32 - REVERSE POWER RELAY
43 - SELECTOR SWITCH

l-/-1 (- U n u
- 52 - AIR CIRCUIT BREAKER

=                                                                                                                                                                   62    62                                                          62- TIME DELAY
£ 1 /\            A                                                                                                '                                                                           TX       TU                                                                                                             67 -01 RECTIONAL OVERCURRENT RELAY
2                                                                                                                                                                                                                                      86 - LOCKOUT RELAY

A  52b * 52a -50-1 -50-2-50-3
3
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i ......................1 666. t-1 -5 ff 520    52b     528 - 86HR 286HR 1                                         /\

Ics  L. ·I „  1"H,

'   f 52.  ,"'-      -1 62,
'--3--5 1 86

1 .   T,
52a

< HR
SPARES V

'
V 52X V

T
3OA                                                                                                                                                                                                          \/

r---3--»_-10           0             G TO ANNUNCIATOR'l l6 IF---0--            11             L       G U G
TRANSFORMER NO. 3

\

i T      0 I3OUA
SWITCH DEVELOPMENT DEVICE 'CS'

.

I--0-{D 31 al„ 51„ 1

nn

]-1.-  1-, luis: 32,1..                                     c.....

POSITIONS

I 43
-

il
CLOSE AFTER

'

AFTER TRIP PULL

   88TU   52X                  T52X                       2-43                                                          TX                                ' 0-4 ,_0 04 ,_02  1    11

NOR4AL

CLOSE TRIP OUT

2 1
CS

,  911

2    X

62                                       3             3                       X
SI RES 0-11-0

«88 H R _52X 8 5   X     X      X      X541-04»
'-I C         V                                                                                                                                                                             6

>-

E                   % 52, A A H 1-0
62    62                          7               7           X      X
TX    TU

«' 9 1 0 9                        X         x         x

S                                                            /\          52b G-11-,0 0-1 »
9                   .  3

IC x  X

6 *0 RECTI ® usj /\    /\    /\
SPRING RETURN TO NORMAL

.                                                                                                                                                            A
V  520  520  520n /\ = 52a

1„ 1„.91„ 11 2,

-    0    v v V
52aa 52Y -J                        \/

t                       n · T                a          \/                                               .,         .,        . NORMAL TRIP

T     . T SWITCH DEVELOPMENT °43'

V                                                                                                                                               POSITIONS
CONTACTS

V
FU                                                                                                                                                                                                                                                                                                                              i                                                                                    /                                     10--11--02                                  X

6    ,  1-=-0                   , TO ANNUNC I ATOR 50-4 »08                     X
V                                                                          30--11--04            x

4     -         6---0-{[31                                                                                                                                                                                              ..,                                                                                                                                                                                                                                                                                                                                                                               70--1   h--08               X

TRANSFORMER NO. 4

Fig. 45. Elementary Diagram for 2400-V Circuit Breakers for Transformers No. 3 and 4
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ajou/OOD

   SEE NOTE9505      Ue9//7
20

AUTOMATIC START PANEL

FLOOR ELEVATION 1241 60

GENERATOR FIELD CUBICLE

1. (AMMETER) NOTE: 400 KW GENERATOR FIELD CUBICLE
2.  (VOLTMETER) EQUIPPED WITH BOOA CIRCUIT
3.  HIGH WATER TEMPERATURE (INDICATING LIGHT)
4.  OVERSPEED (INDICATING LIGHT) BREAKER, 100 KW EQUIPPED WITH
5.  LOW LUBE OIL PRESSURE (INDICATING LIGHT) 200A CIRCUIT BREAKER
6.  OVERCRANK (INDICATING LIGHT)
7.  RESET ALARM (PUSHBUTTON)
8.  UNIT RUNNING (INDICATING LIGHT)
9.  TEST (PUSHBUTTON- DIESEL)

10. (AC AMMETER)
11. (FREQUENCY METER)
12. (AC VOLTMETER)
13. (ELAPSED TIME INDICATOR)
14. (VOLTAGE REGULATOR)
15. (AMMETER SWITCH)
16. (VOLTMETER SWITCH)
17. (RHEOSTAT)
18. (FIELD SWITCH)
19. START (PUSHBUTTON)
20. STOP (PUSHBUTTON)

Fig. 46. Auxiliary Panels for 100- and 400-kW Diesel-generator Units

'1.
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INCOMING    LINE                                                                                                                                                                                                                                              ®                                                                                                      ®                                      O F F I C E    &    M E Z Z.            ®                                                                                                    ®                                 120 A 9OA
90A 50A

WALL EXHAUST ROOF EXHAUST AIR AIR MACHINE OPERATING
Ist FLOOR INSTRUMENT

CONTR01 TRANSFORMER FAN FAN HIGHBAY SUPPLY CONDITIONING SHOP FLOOR
WELDING REPAIR

MEZZANINE WEST NORTH ' FAN FAN BUS WELDING
RECEP. EAST ROOM

DUCT RECEP.

4OOA              2A                           3A                           4A                           5 A                           6A                           7 A            7AA           BA            8 AA
CIRCUIT
BREAKER

HIGH BAY                                                             ®           OFFICE & MEZZ.                               9OA CORRIDOR      
AIR WALL EXHAUST ROOF EXHAUST AIR Ist FLOOR AIR

15A
GLANDWASHER FAN FAN HIGHBAY WASHER WELDING L.0. PURIFIER

WASHER
PUMP MEZZANINE EAST SOUTH PUMP RECEP. WEST                      -         FAN

EXHAUST FEEDER

IA                           28                           38                           48                           58        .                 68                            78            788            88

®                         ®                         ®                         ®                         ®                         ®
WALL EXHAUST FAN WALL EXHAUST FAN SPARE

®             Ist
FLOOR Ist FLOOR SIZE 2

RELAY
WEST EAST                                                                                       SIARTER

HIGH BAY CONTROL ROOM
AIR               3C                             4C                                         AIR                                              7C                             BC

SPARESUPPLY CONDITIONING

FAN                                                                                          ®                                                               ®                                   COMP.                                                                                                                                                             ®                                                               ®

SIZE 3

HOOA WALL EXHAUST FAN WALL EXHAUST FAN ROOF
f  .023 Q / * Ist FLOOR Ist-FLOOR VENTILATOR

REACTOR NORTH SOUTH PUMP PIT
EXHAUST

2C                             3D                             4D                             5C                             6C                            7D                                        CORRIDOR
EXHAUST

CHLORINATOR ®     ®     ®     ®     ®   FANROOM

CONTROL WALL ROOF LUBE VOLTAGE REG.
' CONDENSATE

RELAYS EXHAUST EXHAUST OIL MG SET
PUMP

FAN FAN PUMP DRIVE MOTOR'

IC                            2E                           3E                           UE                           5E                           SE                           7E                            BD

-SECT #1 SECT #2 SECT #3 SECT #4 SECT #5 SECT #6 SECT #7 SECT #8

LEGEND

® INSTRUMENTLIGHT (RED)
\

Fig. 47. Normal Bus Section of Motor-control Center Pl
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-                       \ CONTROL TRANSFORMER CABINET P I X                                                                                                                         ]

EXHAUST FAN

50A SOA 20A 7OA 5OA BOA 4OOA

®          ®          ®
EMERGENCYHEATING AND

FORCEO DRAFT FORCED DRAFT EMERGENCY INSTRUMENT EMERGENCY· FEEDER CONTROL
HYDROGEN SEAL PUMP VENTILATING COOLING TOWERFAN MOTOR FAN MOTOR AIR COMPRESSER LIGHTING SODIUM TRANSFORMER

#1 #2 (D.C.) UNIT-NORTH
. FEEDER

-

PLANT
TRANSF.

INCOMING LINE
'

EMERGENCYIOA 10AA IIA 12A 13A 14A 14AA 15A 15AA
TIE BREAKER                                                                                                                                                                                                                      CIRCUIT BREAKER

70A®®   0- ® ®  ®  0
                                                                                                                   HEATING AND GUARD HOUSE                                                  '

SPARE SIZE 1 HYDROGEN SEAL PUMP VENTILAT·ING DUPLEX CONDENSATE PUMP ·
_ AND   FIRE

(A.C.) UNIT-SOUTH SOUTH STATION

EM. FEEDER
9A                                      AUX. BOILER 1 I B 128 138 I 48 158 16A

FEEDWATER PUMP

0        ®        ®        ® 15A 1100 A

' PUMP PITUNDER VOLTAGE RELAYS MAKE-UP WATER· PUMP VAPOR EXTRACTOR TURNING GEAR OIL ·PUMP DUPLEX CONDENSATE PUMP
'

(DEMINERALIZER) NORTH SUMP PUMP

9C 108 llc 12C 13C 14C I 5C 15CC

®     ®     3     0     ®    .®
-                          DIESEL OIL PUMP   MAKE-UP WATER,PUMP TURNING GEAR DRIVE SPARE SIZE 2 DATA LOGGER COMPRESSOR .017 9/0 REACTOR

(DEMINERALIZER)

liD 120 130 I 5D
POTENTIAL TRANSFORMERS

IOD
SPARE SIZE 3

225A-0        -I®                       0                      ®BUS CONN. FOR PHANO CHARGER - CONSTANT
FUEL OIL PUMP

(
STATION

BATTERY CHARGER)
POWER

ACID STORAGE INST. AIR
TANK HTRS. COMPRESSOR #1 GENERATOR                               -

(NOTE #1)

9D IOE Il E 12E 13E I4D 15E 16C

SECT #9 SECT #10 SECT #11 SECT #12 SECT #13 SECT #14 SECT #15 SECT #16

LEGEND

NOTES:                            '                                                                                        NAME PLATES ® --INDICATING LIGHT (RED)

1 - POWER CONNECTIONS TO CIRCUIT BKR. 1. 6A AIR CONDITIONING FAN 10. 128  HYDROGEN SEAL PUMP (AC) © --INDICATING LIGHT (GREEN)

AND STARTER IN COMPARTMENT 2A OF. M.C.C. P2 2. 68 GLAND EXHAUST 1 1. 1 2 C VAPOR EXTRACTOR KS --nAUTO TRANSF. - MAN TRANSFER-TRIP
FOR INSTR. AIR COMPRESSOR #1 3. 88 CORRIDOR AIR SUPPLY FAN 12. 120 TURNING GEAR DRIVE KEY OPERATED SELECTOR SWITCH

4.   IOD DIESEL OIL PUMP 13. 12E
  --INDICATING LIGHT (WHITE)5.   IOE FUEL OIL PUMP 14. 13A H & V UNIT - NORTH

6.  IIA EMERG. INST. AIR COMP. 15. 138  H&V UNIT - SOUTH
7.  l IC MAKEUP WATER PUMP 16. 13(  TURNING GEAR OIL PUMP
8.   1 ID DEMIN. SERVICE PUMP 17. 130

9.   Il E ACID STORAGE TANK HTRS. 18. 13E  STATION BATTERY CHARGER
19. 148  DUPLEX COND. PUMP - SOUTH
20. 14C .DUPLEX·COND. PUMP - NORTH
21. I 5D DATA LOGGER REFRIG. COMP.

Fig. 48. Emergency Bus Section of Motor-control Center Pl
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INCOMING                          ®
5OA 0. 0

LINE #1 POWER PLANT INCOMING
CRANE

-

LINE #2SPARE
FE.EOER·

DISCONNECT·                               3A                    4A                                                     TIE             7A                    BA BAA CONDENSATE DISCONNECT SWITCH
SWITCH      BREAKER PUMP 100OA1000A

INSTRUMENTS                        ®                    @                                                                                        ®
AIR COMP. #1 PLANT AIR COMP.

COOLING TOWER COOLING TOWER COOLING TOWER COOLING TOWER(NOTE Il) FAN NO. 3 FAN NO. 4 FAN NO. 1 FAN NO. 2

IA                                                                                           5A                     6A IOA -               12A

®
2A                                                                                                                                                                                                              IIA

®                                                                                                                                                                                                  ®                     ®

100OA
1000A0.01 0/0 START-UP BOILER

REACTOR
PLANT SERVICES REACTOR

FEED WATER PUMP                       '                                                                                         '                     0.01 8/0
PLANT SERVICE INSTRUMENTS

COOLING PUMP #1                                                                                                                                                                                        AIR COMP. #2 COOLING PUMP #2

(NOTE #2 1

\
9A

IC                  -  2C -          -        38                     48                    5C                     WC                      78                    88 IOC llc 12C

SECT #1 SECT #2 SECT #3 SECT #4 SECT #5 SECT #6 SECT #7 SECT #8 SECT #9 SECT #IO · SECT #11 SECT #12

NOTES:
1 - PCWER SUPPLY IS FROM M.C.C. PI (EMERGENCY BUS)

2 - POWER SUPPLY IS FROM M.C.C. RI (EMERGENCY BUS)                                                                                                                                                                           -                             LEGEND
  INDICATING LIGHTS (RED)

MOTOR CONTROL CENTER P2 MOTOR CONTROL CENTER P2
EAST ELEVATION   Fig. 49. Motor-control Center P2   ' WEST ELEVATION

7
1
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1

INCOMING LINE                                <                     ·<
NORMAL 2OA 2OA 30A AIR HANELING

AIR CONDENSER #1
5OA

Na. PUMP. Na. PUMP CORRIDOR UNIT #1 ARGON COMP.
FAN #1

SPARE
AUX. EQUIP. AUX. EOU.IP. PANEL FAN

60OA             2A                             3A             3AA            UA              UAA           5A          -                  BA                             7A 7AA 225A
CIRCUIT CIRCUIT

BREAKER                           ®                     <                     ® ® BREAKER BUS
TIE

AIR CONDENSER #1 AIR HANDLING  IR HANDLING ®,-1 ©
FAN #2 UNIT #1 COMP. UNIT #2 FAN

 13)
-

IA                            28                                      ELECTRICAL          48                             58                            68                             78                            BA
HEATER
BASEMENT0                      0.®.-,

- AIR CONDENSER #2            ·                                AIR HANDLING UNDER-VOLTAGE

FAN #1        '                                           UNIT #2 COMP.                                           '                                                                      RELAYS

2C                             38                            UC                                        SPARE              BC                            7C                             BC
SIZE 3

0                         0                         ®                                                     0
600A

AIR CONDENSER #2 ROD MOTOR SUPPLY CIRCULATING                                                     SPARE
. 023 9 /0 HUO V.A.C. FAN SIZE 2FAN #2
REACTOR

2D                             3D                             4D                              5C                            6D                                                                     POTENTIAL
TRANSF.

®
REACTOR AIR

AIR HANDLING AIR HANDLING
SUPPLY

UNIT #3 UNIT #4
REFRIG. COMP.                                                                                                                                                                             0,

IC                          2E                           SE                            4E                          5E                           BE                           70                           80

'i

SECT #1 .'. 1 1 SECT #2 SECT #3 SECT #4 SECT #5 SECT #6 SECT #7 SECT #8

e. i
<                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  LEGEND  '     r

® INDICATING LIGHT_(RED)

  INDICATING'LIGHT (GREEN)

  "AUTO TRANSF-. -MAN TRANSFER - TRIP"
KEY OPERATED SELECTOR SWITCH                  '

Fig. 50. Normal Bus Section of Motor-control Center Rl
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1-T-1 1-Fl 1-3-1 1-TI oo uo ul m ITI 1-10-1 rTi-1 1-TFI ITFI rirl 1-r83 1-763 rTTI liFI

CONTROL TRANSFORMER CABINET RIX

I                                                                  <

\
                       9OA                                                                                                  INCOMING LINE

3OA                                                                                ®.
BOA EMERG. DISTR.                                                                                                        EMERGENCY

PANEL RE-3 SPARE
CONTROL RELAYS 4 AIRLOCK EMERGENCY

PERSONNEL LIGHTING          &                   SIZE
#1 EVACUATION

FEEDER EMERG.. SEAL SLREN

HEATER FEEDER
9A IOA 10AA EOUIPMENT 12A 12AA 13A IUA 14AA 15OA CIRCUIT        AIRLOCK CONSTANT BREAKER        3

®                                                                                 TRANSFER  CAR                                                                 (E)                                                     ®               I OCA 50A
POWER SUPPLY 600A

30A PURGE AUX·. 'PRI. ANNUNCIATORSILICONE
REFRIG. COMP. #1 AIRLOCK EXHAUST PUMP RECT. DIST.PUMP #1

EQUIPMENT                                                                FAN FEEDER PANEL                                                                                                       
10 KVA TRANSF.    '

98 108 IOBB IIA 128 138 I4B IUBB · 15A 16A

,                         *SR-28 TIE

COOLING                                   ®                                          SILICONEREFRIG. COMP. #2 WATER -
PUMP #2

PUMP #1

9C IOC 12C 13C

                                                                                        CRANE

0        .®                      0          0 FEEDER

225A
COOLING SHIELD CIRCUIT 60OA

COOLING SUPPLYWATER AIR SUPPLY FAN
ARGON

BLOWER #1 BREAKER .017 Q/*
1

.PUMP #2 . FAN fil BUS REACTOR
TIE

loD '12D 130 IUC
REFRIG. COMP. #3 (NOTE.#1)

®              BUS CONN.
'SHIELD FOR INST. .e»

ARGON COOLING SUPPLY AIR COMPRESSOR #2
BLOWER #2

: FAN #2 (NOTE #2)

90                       ' IOE llc 12E 13E       ' 14E 15C 16C

-1

SECT #9 SECT #10 SECT #11 SECT #12 SECT #13 SECT #14 SECT #15

NOTES:

SECT #16

NAME PLATES

1 - HANDLE REMOVED FROM COMPARTMENT AND HUNG 1 - 98 . REFRIG. COMP #1 10 2 4E  AIR HANDLING UNIT #4 LEGEND »

ON SOUTH END OF M.C.C. R 2 2 - 9C- REFRIG. COMP #2 11 -·3E  AIR HANDLING UNIT #3 ® 'BrEATING LIGHT (RED)

2 - POWER CONNECTIONS TO CIRCUIT BKR. AND
3 -IOC COOLING WATER PUMP #1 12 - 40 CIRCULATING FAN

4 -IOD  COOLING WATER PUMP #2 13 - 58 AIR HANDLING UNIT #2 FAN     INDICATING LIGHT (WHITE)

STARTER IN COMPARTMENT IOC OF M.C.C. P2 FOR INSTR.
5 -12D ARGON BLOWER #1 14 - #C AIR HANDLING UNIT #2 COMP.

AIR COMPRESSOR #2
6 -12E ARGON BLOWER #2 15 - 5A AIR HANDLING UN.IT #1 FAN

7 -130  SHIELD COOLING SUPPLY FAN #1 16 - 48  AIR HANDLING UNIT #I COMP.
17 - 6A ARGON COMPRESSOR8 -138 'SILICONE PUMP #1

- 9 -13C SILICONE PUMP #2 18 -l IC AIR SUPPLY FAN

Fig. 51. Emergency Bus Section of Motor-control Center Rl
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  (SUPPLY REACTOR                 
DAMPERS BLDG.

1 & 2) EMERG.

INCOMING LINE                                    -
SHIELD INSTR.

SHIELD COOLING AIR SHIELD
IOOKW

COOLING SYSTEM COMP. COOLING
EMERGENCY                                        '                '

-   EXHAUST        3A 3AA EXHAUST                                                                                                                  '
GENERATOR

FAN #2 FAN #1
(NOTE #1)

l A                     2A                                         4A
-                                        BUS

      TIE '            
UNDER-

BREAKER
VOLTAGE

RELAYS THIMBLE THIMBLE

1C COOLING COOLING

EXHAUST        38                        EXHAUST

TURBO- TURBO-

COMP. #1             »                    COMP. #2

POTENTIAL       2C                     3D                   4C

TRANSF.                                                     (SUPPLY
,                             - DAMPER INCOMING                    (

CORRIDOR
3 & 4) LINE

SPARE SHIELD FROM
PANEL COOLING BUS Rl-B

SYSTEM
1 D lE- 2EE 3E                  4E       4EE

I                                              I

·SECT #1               'SECT #2 SECT #3 SECT #4

0R   INDICATING LIGHT (RED) NOTE #1: HANDLE REMOVED FROM
COMPARTMENT AND HUNG
ON REAR OF M.C.C. R2

Fig. 52. Motor-control Center R2

\

\

/.

...



4

174

I                   -
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1 - ALTERNATOR VOLTMETER 14 - MOTOR AMMETER 26 - RECTIFIER CIRCUIT BREAKER & IND. LIGHTS 36 - ALTERNATOR VOLTMETER    ·.

2 - ALTERNATOR FREQUENCY METER 15 - MOTOR FIELD RHEOSTAT (RED, GREEN)         '                          37 - ALTERNATOR FREQUENCY METER
3 - AC OUTPUT AHMETER 16 - ALTERNATOR FIELD RHEOSTAT          :              27 - FAN MOTOR PILOT LIGHTS (RED, GREEN) 38 - AC OUTPUT AMMETER

4 - UNDERFREQUENCY RELAY 17  - MOTOR CONTROL PUSHBUTTONS (START, STOP) AND FAN CONTROL SWITCH                        .39 - VOLTAGE CHECK RELAY
5 - OVERFREQUENCY RELAY 18 - CONTROL CIRCUIT BREAKER, 28 - AUXILIARY AC INPUT CIRCUIT BREAKER 40 - OVERFREQUENCY RELAY
6 - VOLTAGE CHECK RELAY 19 - MOTOR CIRCUIT BREAKER & IND. LIGHTS AND IND. LIGHTS (RED, GREEN) 41 - UNDERFREQUENCY RELAY

-7 - SPEED REGULATOR ADJUSTMENT SWITCH , (RED, GREEN)                        +              29 - AC INPUT CIRCUIT BREAKER AND IND. 112 - VOLTAGE REGULATOR ADJUS™ENT SWITCH
8 - REGULATOR CONTROL SWITCH 20 - BATTERY AMMETER                                         LIGHTS (RED, GREEN) 43 - REGULATOR CONTROL SWITCH
9 - VOLTAGE REGULATOR ADJUSTMENT SWITCH 21 - RECTIFIER VOLTMETER 30 - MOTOR AMMETER 44 - SPEED REGULATOR ADJUSTMENT SWITCH
10 - OUTPUT GROUNb DETECTOR LIGHTS (CLEAR) 22 - RECTIFIER AMMETER                   '              31 - MOTOR FIELD RHEOSTAT 45 - NORMAL AC OUTPUT CIRCUIT BREAKER AND IND.
11 -·RESET PUSHBUTTON (AC UNDERVOLTAGE RELAY) ' 23 - GROUND DETECTOR LIGHTS (CLEAR) ' 32 - ALTERNATOR FIELD RHEOSTAT LTS. ·('RED, GREEN)
12 - NORMAL AC OUTPUT CIRCUIT BREAKER & IND. 24 - CONTROL VOLTAGE REGULATOR ADJUSTMENT 33 - MOTOR CONTROL PUSHBUTTONS (START. STOP) 46 - RESET PUSHBUTTON (AC UNDERVOLTAGE

LTS. (RED, GREEN) SWITCH 34 - CONTROL CIRCUIT BREAKER RELAY)

13 - AUXILIARY AC OUTPUT CIRCUIT.BREAKER & 25 - BATTERY CIRCUIT BREAKER & IND. LIGHrS 35 - MOTOR CIRCUIT BREAKER AND IND. LIGHTS 47 - AUXILIARY AC OUTPUT CIRCUIT BREAKER AND

IND. LTS. (RED, GREEN) (RED, GREEN)                                            (RED, GREEN) IND. LIGHTS (RED, GREEN)

'

Fig. 53.  120-V A.C. Continuous Power Supply Assembly.
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1180V..    3 0,   60 ru 118OV.  1 0,6 0 ru
LEGEND

FROM MCCPI-B, SECT. ISE FROM MCCRI-8, SECT. 16A 2 - LOCKOUT, TIMER FOR VOLTAGE & FREO. RELAY

BKR.
28 - TEMPERATURE SWITCH

DWG P-453E - OVG. P-4536 14 - UNDER SPEED DEVICE

POS. .
'.'. Bful , i 38{4

27 - VOLTAGE CHECK RELAY
40 - FIELD RELAY

11 1,
42 - MOTOR STARTER OR CONTACTOR

)H 62 - TIME DELAY RELAY
52 - AC CIRCUIT BREAKER

F -  -  -   EIL-  7 -( f                 '                                                                         ,)0                                                                                                                                                                                                                   70  -  EXCITER
FIELD RHEOSTAT

72 - DC CIRCUIT BREAKER
1

50 VA
1

15OA TRIP 10OA TRIP
81 - FREOUENCY RELAY

112

1      ,       1      '20
1 HP (MOT'1-1 480-240V 90 - REGULATOR

86 - LOCKOUT RELAY

FAN
V 4.1,4 f. 4., 1         11-1 ry  3   1 1 5  KVA,   3 . rr-n       rr-n       1180-2110/12ov

(3»1,2                                   2       1    1-21        1                 
REACTOR NOTE #1: 0-40 AMP AMMETER WITH REVERSE CURRENT AND HIGH CURRENT CUT-OUT'

54 50 KVA. 1*

| CONTACTS. METER CONNECTED TO INDI'CATE BATTERY TRICKLE CHARGING

('2 __;2,

Eff 1  r,     1     4.-t
*9         . (A)   1   1,-- J

,1                                                                                                                                                   CURRENT ONLY.
BKR.          |      I H   |     -  NOTE  # I - -72RC)

1 [t-JI.
300-0-300A

.   12

m FU _ 1100 A fhW '5A W OA       I- .  9    „20i '1                     --        6                         ,(2.'-400'
BATT.                                                                                                                                                                                                          22                                                                                                                                                        01/  GRD.                         LE

1,
1100 A 30OA

21to V (Cl DET.TRIP 50 MV
120   /'p   h rs

1 POs. I                                            n /T,  

so.  .C                ZZ

140 \» TRIP                                  \                                 1             TRIP f
A-jSOA       -  301 t--»I- I TRIP

I-'                      A                                                                                                          G»-6 ZA
TRIP

r-42,1---  -· 60 HV
(POS.) 72M 0-150 A

1 ]           r 4        m   1

»i MOTOR 72TD
:11:..                     1  ::..

1

MOTOR

3      1 5,0     j -     1-ill .

FLD                                                                                                          At                                                                                                                                                             Ti

...   3        1   
... 4 AUX

mil, 1 i ..(&3 -            -
M

G             1                          0'm

RES
72. 9 72TD is                                             r FLO
A2                                                                       ----

(3- - -          -,                                                                                                                             MOT                          GEN
MOTOR #1 MOTOR #2

ElI 1
5A 25HP 2110V DC

30HP, 2 OV DC                                              D '

6,
1 1 0  --t'i

GRD. ·1 0 '

1 ---------7     --13  1--              --F-------166wa 27 16OA 15OA L

,-,0.                                 4 ..'.                 11111    1    .11. -  '1,   88-620 O-Iso 58-621 0-IBOV DET. 111 e 1 TRIP TRIP
  r,·,·                      SOLJ/ \ 0-150V 58-62 - 0-15OV 58-62 N

0 C, JA
(23   *0   1.:19

0-20OA .... &96644 -         -           p<         ,1 6 4:BA &92
ALARM ONLY ALARM ONLY

LT-'/'-'.PANEL 'I A                             •                                                                    -     .  fill 20): 1-al.Ef
228A MAIN

  ,,i»_____-3-_
PANEL 2A GROUNDED SYSTEM -----c) PANEL 28

225A MAIN 225A MAIN2      3'      4                                                                                                                                 ·                                          |    42-1- -----
l i l t - -T 6 6 7 8 9       10                                                     7       1 2

3                4             5                     6             8  -1 0-9               It,                1 2              1 3               14               1 8

16 17     le

I t r!1 1 I T T T I T Y 'I r
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                      I B A    T    20A   1     3OA    1    2OA  1   20A

1         1 11-                          52  5= R „= ma  .-1w  :  :   I  .                =4                          - :. -4  E ==
18 · 32 1.2  & & 4 0/ f: 1 2 6

: - :  M       K      3: . W E 3- 30. fil  & :ia BE UE ::§ 4 82 1 8\   2  ·  f d       d     I146     *  8   2                    V,

-   &  &.                       =                                                   4         i- 52 82  w.3 EE 283 82
.. "-  V      2*                        §2. =0 i -  '            .     2

=
S 1%                                                                             £

3                      1 d PANEL •R' f: PANEL IR•
U f    PANEL 'St"

. 0 IOOA MAIN       IOOA MAIN 10OA MAIN5,     _. E
%:

12 3            11            8 6 1 2 3 4         5         6

-                                                                     20,    1'0,                                     J „ ,                                                               '                                                                                      ' ' . .       1.       i.                            i,       i         <,
1

0,                - ) .1& 1 )... ):..1)..1,
1  20.1 2.A       2OA      OAI  2 A -1 

20.

:1.     el         , I          '1)    -1'            1. 1-TAF4-- -    1                              b

m:

 20A     20A    2OA     2OA     
2OA

 2OA    j 201

:=
- -1 2 22. 2= 2 2- 5 6   gs 1 »5 3 ; 1- 5 = ..-„

=

SM                   -  -  --  -ilt §; F. .iM. #e &
: 3:4 33 :=  i™ m 8- : . . 8- il  &  S  &  5ft...

d. d€ f. =S =1
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Z                             W

>- \- .-

Fig. 54. Single-line Diagram for the Continuous Power Supply Distribution
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11»J (E:1381 te:ta)g Q D< 1/ L\-1/ 64(97* 1/ -m

1

00 0 0 0 0
1-5rl 1-Brl 1-Erl r5n

3 0 1 9 4'0 0 rgM000.000000000 0 0
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| i - UTILITY SECTION ANNUNCIATOR 41 - PLANT AIR PRESSURE

4 - WELL PUIF NO. 1 INDICATING LIGHT (RED) 42 - MOTOR GENERATOR SET NO. 1 VOLTMETER
5 - WELL PUMP NO. 2 INDICATING LIGHT (RED) 43 - MOTOR GENERATOR SET NO. 2 VOLTMETER

6 - SERVICE WATER PUMPS NO. 1 INDICATING 48 - MOTOR GENERATOR SET NO. 1 FREQUENCY METER

LIGHT (RED) 49 - MOTOR GENERATOR SET NO. 2 FREQUENCY METER
1                                               7 - SERVICE WATER PUMPS NO. 2 INDICATING 54 - INSTRUMENT AIR·COMPRESSOR NO. 1 CONTROL SWITCH

LIGHT (RED) 56 - INSTRUMENT AIR COMPRESSOR NO. 2 CONTROL SWITCH
8 - SERVICE WATER PUMPS NO. 3 INDICATING 57 - PLANT AIR COMPRESSOR CONTROL SWITCH

LIGHT (RED} 64 - COOLING TOWER FAN NO. 1 SELECTOR SWITCH AND

18 - FUEL OIL PUMP INDICATING LIGHT (RED) 65 - COOLING TOWER FAN.NO. 2 SELECTOR SWITCH AND
9 - FIRE PUMP INDICATING LIGHT (RED) INDICATING LIGHTS;(RED)

17.- SUSPECT STACK FAN NO. 1 INDICATING lIGHT (RED) INDICATING LIGHTS (RED)
18 - SUSPECT STACK FAN NO. 2 INDICATING LIGHT (RED) 66 - COOLING TOWER FAN NO. 3 SELECTOR SWITCH AND
19 - REACTOR PLANT AUXILIARY CW PUMP NO. 1 INDICATING LIGHTS (RED)

INDICATING LIGHT (RED) 67 - COOLING TOWER FAN NO. 4 SELECTOR SWITCH AND
20 - REACTOR PLANT AUXILIARY CW PUMP NO. 2 INDICATING LIGHTS (RED}

  INDICATING LIGHT (RED) 88 - AIR CONDITIONING FAN PUSHBUTTON START
21 - PLANT COOLING WATER PUMP NO. 1 INDICATING 69 - AIR CONDITIONING FAN PUSHBUTTON STOP

LIGHT (RED) 70 - AIR CONDITIONING COMPRESSOR PUSH BUTTON STOP
22 - PLANT COOLING WATER PUMP NO. 2 INDICATING AND INDICATING LIGHT (RED)

LIGHT (RED) 81 - ANNUNCIATOR PUSHBUTTONS
28 - CONTROL ROOM TEMPERATURE 96 - PHONE JACK
29 - CABLE ROOM TEMPERATURE 99 - INSTRUHENT AIR COMPRESSOR SELEFTOR SWITCH
30 - BACK OF PANEL TEMPERATURE 100 - REACTOR BLDG. AUX. INST. AIR COMP. ON -
31 - 3 SUPPLY BREAKER TO RECTIFIER INDICATING INDICATING LIGHT

LIGHT (RED) 101 - RUNNING HOUR METER C-TWR-FAN NO. 1
32 - RECTIFIER OUTPUT BREAKER INDICATOR LIGHT (RED) 102 - RUNNING HOUR METER C-TWR-FAN NO. 2
40 - INSTRUMENT AIR PRESSURE 103 - RUNNING HOUR METER C-TWR-FAN NO. 3

104 - RUNNING HOUR METER C-TWR-FAN NO. 14

Fig. 55. Utilities Control Panel

A.
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'4*1 -
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:.44.7..1 

/4-
-.:2 41

'.....:. 07.-
5                                                                                               ...         . .  .Fip:':0

3 - (480 PANEL ANNUNCIATOR) 52 - POWER PLANT MCC P28-NORMAL (CONTROL SWITCH &
10 - 400 KW EMERGENCY GENERATOR (VOLTMETER) INDICATING LIGHTS - RED & GREEN)
11  -  400 KW EMERGENCY GENERATOR (AMMETER) 53 - LABORATORY & SERVICE BUILDING (CONTROL SWITCH
12 - 480V BUS (VOLTMETER) & INDICATING LIGHTS - RED & GREEN)
13 - 100 KW EMERGENCY GENERATOR (VOLTMETER) 60 - LIGHTING DISTRIBUTION CENTER E-2 (CONTROL
14 - 100 KW EMERGENCY GENERATOR (AMMETER) SWITCH & INDICATING LIGHTS - RED & GREEN)
23 - (400 KW EMERGENCY GENERATOR VOLTMETER SWITCH) 61 - REACTOR PLANT MCC RIA-NORMAL (CCNTROL SWITCH &
24 - (400 KW EMERGENCY GENERATOR AMMETER SWITCH) INDICATING LIGHTS - RED & GREEN)
25 - (480V BUS VOLTMETER SWITCH) 62 - 480V EMERGENCY SWITCHGEAR E-1 (CONTROL
26 - (100 KW EMERGENCY GENERATOR VOLTMETER SWITCH) SWITCH & INDICATING LIGHTS - RED & GREEN)
27 - (IOO KW EMERGENCY GENERATOR AMMETER SWITCH) 63  - REACTOR PLANT MCC R-3 (CONTROL SWITCH  &
33 -.400 KW EMERGENCY GENERATOR (START PUSHBUTTON INDICATING LIGHTS - RED & GREEN)

& INDICATING'LIGHT - RED) 71 - FUEL CYCLE PROCESS (CONTROL SWITCH &
36 - 100 KW EMERGENCY GENERATOR (START PUSHBUTTON INDICATING LIGHTS - RED & GREEN) (BUS DUCT)

& INDICATING LIGHT - RED) 72 - SODIUM BOILER PLANT  MCC SIA-NORMAL (CONTROL SWITCH &
44 - 400 KW EMERGENCY GENERATOR (CONTROL SELECTOR INDICATING LIGHTS - RED & GREEN)

SWITCH & INDICATING LIGHTS - RED, AMBER & GREEN) 73 - FUEL CYCLE MCC FIA-NORI'AL (CCNTROL SWITCH &
45 - 100 KW EMERGENCY GENERATOR (CONTROL SELECTOR INDICATING LIGHTS - RED & GREEN)

SWITCH & INDICATING LIGHTS - RED. AMBER & GREEN) 74 - PRI. TANK IMMERSION HEATERS (CONTROL SWITCH &
50  - POWER PLANT MCC P2A -NORMAL (CONTROL SWITCH & INDICATING LIGHTS - RED & GREEN)

INDICATING LIGHTS - RED & GREEN) 81 - ANNUNCIATOR,TEST-RESET-SILENCE (PUSHBUTTONS)
51 - POWER PLANT MCC PIA-NORMAL (CONTROL SWITCH & 103 - REACTOR PLANT MCC-R2 (FEEDER CONTROL SWITCH

INDICATING LIGHTS - RED & GREEN) AND INDICATING LIGHTS - RED & GREEN
106 - INSTRUCTIONS - 400 KW EMERG. GEN.
107 - INSTRUCTIONS - 100 KW EMERG. GEN.

NOTE: DESCRIPTIONS IN PARENTHESIS ( ) NOT ON NAMEPLATES.

Fig. 56. 480-V Electrical Control Panel E-1
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480V MAIN SWITCHGEAR
L E G E N D

I

r- --) BKR. #38
27X  AUXILIARY·TO UNDERVOLTAGE RELAY          94   LOAD REJECTION RELAY
27   UNDERVOLTAGE RELAY  .                      90   VOLTAGE REGULATOR

NOTE #.1
42   CONTACTOR                                   C   CLOSE
51   OVERCURRENT RELAY                         CS   CONTROL SWITCH
59   OVERVOLTAGE RELAY                         ET   ELAPSED TIME METER
59X AUXILIARY TO OVERVOLTAGE RELAY           KS   KEY SWITCH
62    IME DELAY RELAY N.C.  NORMALLY CLOSED

62X  AUXILIARY TO TIME DELAY RELAY N.0. NORMALLY OPEN

EMERGENCY LOADS                                                                     
                                                                 83   AUTOMATIC TRAN

SFER SWITCH T   TRIP

86   LOCKOUT RELAY
T.D.0. TIME DELAY OPEN

TO-0 TIME DELAY OROPOUT

1

94 --I REJECTED

-'MI  t GEN SWU HGM 

E-1 T.D.C..TIME DELAY CLOSE
-------

NOTE /1     BKR. 13D 'j B.R. #le -----1--11 B.R. #,C
.

MANUAL CLOSE   BKR..#IA ,BKR.#20

r -h:tr 1-4- 1 r- - - - -Li.} BKR. #28 MANUAL

T -- - - -) BKR. #2A i MANUAL     /1

%€i.,       W    OVER'i:....,   1   '1:«
,                                                                                  30                                                                                                                                                                                     rt4-7   SWI TCH

A    I             T
50:

- -                 MANUAL Cla52 0  '
CLOSE / MANUAL CLOSE       . / CLOSE

AUTO-TRANSFER ) i: 
r                                             KEY·

SPARE -- 4 1)31)
1NTERLOCK

 ;  MAIN

 _31'14      C                   3          T - Fk--  BKR #leA T-
3--) ....

. „

BKR. #15CC  

 --  5 KVA                               81(R. 2A1 1 MOTOR CONTROL CTR. RI-8
  MOTOR CONTROL CENTER Pl-8

fr-71   1 0                 6    200 KA      1

0 1   T  i **1-Gzil -- 
SKR. #1,1*AA                         BKR.

#14A DIESEL
1 1. -2'     11-3

-     -.1- i         EMER.. GENr |           '            MOBILE- 0    e ENGINE

I i.11 UNIT
T-1 K 0 1,

rn
KS 1    1 KS                                                                                                    J

|    ro 0  0                            Ks                                                                        T I
H9 1 152    1.1|1 5 KVA

T  T
1

-'--«   - -1           El1 1 ;T IC START1         L -<0-
-1

T.0.-D
2C  +    T

2C

19'+                                                    M      -1   AUTO

-1                                                                                                                                                                                                                               _ _ 0_
3 1 1 3.68 KVAL _'_.1                 1   =J   =' im PANEL RE-3                                                                 1                C T CONSTANT BATTERY

28 f   T 28

CHARGER
./24v BATTERY

CHARGER

1 1
MOTOR CONTROL CTR.  R2-8                                         J

VOLTAGE
BATTERY           -T-

KS       KS          3
T T -

    BKR. #BA J: --i
1 T          '                                           62:                           ><€                                                                                       p_,1       )       LIGHT OIST. m'-2

MOTOR CONTROL CTR RI-A
 1 BKR #38                                                                                                                                                       -         125V               MOTOR CONTROL CTR. F 1 -A

1

1                                                           "1 )      1.- CONTROL  'TR.  .2-,                                                                                                                                                                                                          82                                                            BATTERY                                             I1. 1 1
125V DC DIST. PANEL                                      BKR. #7£

SEAL HEATERS PANEL R3A

 Dc  . tsh---*,2,1 / MOTOR CONTROL CTR. PI-A

 e            .0.  .                                                                    fi     RTE, ; 1  - 3 67    1   -     Ir:t. ..                                                                                                                                                                                              rr
i

It MCC R3

r-c_-Ak---02--*-=e«  1   -BE  i.'E e

T ---'F---

11

_ _ -- _ 4_7
43..4 -1                        TO

1

5-__A MOTOR CONTROL CTR. SI-B111 ..1 1MERG. LIGHTING PNL PE-1

---r- --- 41 ...EL 1

| 1                               i WORM.
TO-D -    112

f >- 3                                                                                                                                                                                                                        KS--
800-5' F -/ 1 200-SA·F |                   RI                                                                       - MAN.

Ati.1                                                                   1  ':,6  Ej MOTOR CONTROL CTR. Fl-8

1=       El  11 EMERG. LIGHTING PNL RE-2

1

)        142, A TO(De MANUAL 4------1 G><SH ) MANUALLY                                                                                        
CLOSE   / OPERATED

NOTES:

CD<E)-3                  90 (D-®--3 E-®
MOTOR CONTROL CTR. SI-A - CONTROL SWITCH LOCATED ON 48OV PANEL E-1

®- G     1100 KW

®- 100"                                       1                   1

l e» €»
DIESEL                  

 
BUS OUCT „Bn

DIESEL
ENGINE ENGINE

LJ *A°r L- M    STARTING MOTOR ' STARTING | AUTO   |

EQUIPT. 
MOTOR M - -4 .START 1.--J

BATTERY '   EQUIPT. 1BATTERY
--r CHARGER.. CHARGER

1
36V BATTERY T 2#v BATTERY                                        i.                                                                                                                   '

1 * Fig. 57. Single-line Diagram for 480-V Emergency Power System
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 - BREAKER #15C (M. C. C. RI-81 I 1 OR[AKER #IA (M.C.C. 22)•- 

                                    ·                                                                     on                  POS            F

EUTURE

LEGEND 620
A        8                     r

942  .                    + 27.                                                                                                         1,-
27 - UNDERVOLTAGE RELAY (GEM)

1               2        1   U             U
_62T 1-

I             J" 31  dli2ev       I'·If: 11 f    »
27x- AUXILIARY TO UNDERVOLTAGE RELAY                                                           Cs                         T.D. 0.

11=
.L. 1    -  .          MT.0.0                                                                                    '

l T. D.C. ·

+-GER ®  ® =27%                               0
.D.C.

62 - OIL CIRCUIT BREAKER
1®       0        22  1.41  -   CO59 - OVERVOLTAGE RELAY

-TUT
," T '01 -                &Fl,"

81 Z:=
59*- AUXILIARY TO OVERVOLTAGE RELAY

CS   CONTROL SWITCH
-     2                                                   11                               1  0-                      10 - 1--  GEN

CR   CONTROL RELAY

X -       -Mb

- TOR     T I ME DELAY
RELAY                                                                                                                                                           s

•·(ED- c           u 6 -. mw.
. 2   62D-t

. B. It. 0. C

WTS WATER TEMPERATURE SWITCH                                            2                                                      +f)10  w-93
OPS  OIL PRESSURE SWITCH B X

, =                      :N                                                                                    t"LOSS  OVERSPEED SWITCH

=   „AW. =                                                                  1  0                                               0                                                           ©FU =                                                                 ®       (e (  -62L  TIME DELAY RELAY                                                                                                                                                                                          r \

'29   '1:ECD:U:U:E::,  OF  VOLTAGE)                                                                                          6                                                                                8                                                                                                                    -i  L I
(MCC R2 BUS LOSS OF VOLTAGE)

52bFf            528                                                         62b             521                               ;fiFf.         L - 

62GY TIME DELAY RELAY                                                                                                                                                                                               

(GENERATOR LOSS OF VOLTAGE)                                          
                                                                     

              "- 59X

62T· TIME DELAY RELAY                     
- o U 1

(MCC R2 BUS RELAY)
T. D. 0. TIME

DELAY OPEN                                                  T.D.C.  TIME DELAY CLOSE

w      u           MEG        n                             27X
TO ANNUICIATOR ON MAIN -       1

 -                       CONTROL PUIEL "E-1 '    *

620# SPARE

I     1 62b

T 1SPARE 52a

T
1

SPARE

     * 52b

CR3
/'                                        -

4   ir   -

CONTROL SWITCH (CS) CR5 TO MAIM CONTROL PANEL u l

POSITINIS                                                                                                                         '      <     - *E-1' AlINUNCI ATOR                                             c

CONTACTS
NONAL PULL                                                                                                                                      CR7
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d r                       z= 10.65 pu 1.  PER UNIT (pu) IMPEDANCES ARE ON A 100 MVA BASE..Al'                                                                                                                                                          1

34                                                                                     :                                                             2.  SHORT CIRCUIT CURRENTS AND MVA ARE SYMMETRICAL2 , 933
VALUES USING SUBTRANSIENT MACHINE REACTANCES

10 MVA
6'

5: *-*  12000   A.
Z= 10  pu AND INCLUDING MOTOR CONTRIBUTION.

./                                        .       
                                                  

                                                  
                                                  

                                                  
             d

3. CLR: CURRENT LIMITING REACTOR.
9.8 MVA33

0---  11800 A.
Z=10.2 pu

11

Fig. 63. Impedance Diagram and 3-phase Short-circuit Currents and MVA
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f 'll.
. ./.'/,

. h.

, 9 480 volt MOTORS

l 138 k. SYSTEM 1    i         1
4)2400 volt MOTORS x = 8.35  Pu

1   x -0.37 pu x=0.625 Pvx=4.0 pu 480 volt CL REACTORS

x = 5.65   pu

C                                                           C                                       C

10
1 2000 kva     VT'                 2500 kva-         -     2000 kva Lj

1
   TRANS.               :                                         1   TRANS. 1 4  TRANS.   <

x=0.75 pu x= 0.175 pu
x=2.2 p u<x=2.2

pu x = 5.9 pu x = 5.9  pu

U

- 13.8 kv *(
FAULT

Fig. 64. Impedance Diagram for a 13.8-kV System Fault

. ,·.MA

rM.

. 2#
. . .  0,

»31
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r,". ·1
1000 = lilI

1          1      1     lili      --       --T---1-1

l i l l i

1      1.1.1 1'l l i          1      1    1 1 1 1- - C
-

-
100 E FUSES

4   DEV.   NO.   58,1 AC77

PUMP HSE NO. 1 FEEDER OVERCURRENT  
AT PUMP HOUSE NO. 1

r '         -   8   A. TA P
- -TIME DIAL 10

3                                       -

-4400   V BUS PROTECT I ON -
-      DEV. NO. 67,18(51

- 4 A. TAP

\ 100 DEV. NO. 50, PJC
-TIME DIAL 4

-15 A. PICKUP               ZZ

2500 KVA TRANSF. OVERCURRENT    --

DEV. NO. 51''AC53
1 - - 8 A.TAP

i -TIME DIAL 6
-90 A. INSTANTANEOUS                  1

i/-0 0

'12/16 MVA TRANSF. OVERCURRENTt
A / DEV.  NO. 51. IAC51

- 8 A.TAP

10· 4:)     - 1-1 -TIME DIAL 2
-V - 138

0                     -                                                                                                           K V8 -
-

                 /VM  12/16 MVA AA/\                                     1
-                                                             N#A                                                                        '#-

800 d

 '  -5   l-511     OPEN1=13.8KV                                                                        t

1                               oOPEN9                                  
           0          SWGR

150 t--iii                                         (
-5 *266MVAr-,

'220     | 50 1      /W\  2500
'lv,        6-9-1        Al     RVA '

8-0501 E  1
0               9  2400 v. SWGR
)                                           T.IC. 1                                                                                                                                                 2

200         51
-5

- -

- lOOE 0 1OOE
FUSE  1 FUSE                                                   JO

- 1 4OMVA

PUMP HOUSE NO. 1

.01
lilli   1 1 11'lili.   1 1 Illilli 1        Ill    11111 i 1    1   1  1 I 111

0.1                        1                         10 100 1000

NOTE:
MVA REFERRED TO 2400 VOLTS, IMVA IS

EQUAL TO 240 AMPERES.

Y
Fig. 65. Typical Overcurrent (MVA) Coordflation Curves-

138-kV, 13.8-kV, and 2400-V Systems
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1000

= 1111
-1

Irl 1
1 1      1    1   1  I  111              1             1

I l i l l i
1     1   l i l i  =

1 --
1.1 - 480 VOLT EMERG SWGR ACB 28

-

r                                                                  - 960 A.MIN LONG TIME DELAY
.'                                                               -4500 A. INT SHORT TIME DELAY

225 AMPERE

MOULDED CASE             -       ·                                     480 VOLT MAIN SWGR ACB 38
ACB's IN MOTOR
CONTROL CENTERS 1- . -1400 A. INT LONG TIME DELAY

-7500 A. MAX SHORT TIME DELAY

100
- 480  VOLT MAIN  SWGR  BUS  PROT    9

-DEV. NO. 67,1(851
- 4 A. TAP\ - TIME DIAL 4

5 ./ -DEV NO. 50PJC
-20 A.PICKUP-43- „8„

L_1 2000 KVA TRANSF. OVERCURRENT

                                                                                ·-                                                  DEV.  NO.  51,1 AC53
-    -12 A. TAP

-
\

AA/\ 12/16 /V\/  -TIME DIAL 5

Arm MVA A 
-60 A. INSTANTANEOUS

10                       800 9-        7-7       1
-5 '--1511   6 \ 12/16 MVA TRANSF. OVERCURRENT

DEV NO. 51, IAC51

     '5'2' 2.5" -8 A. TAP

I              *
00

n  13.8KV SWGR -TIME DIAL 2
e
I                         /2  )   r-,7    00PEN

100  -1 51 j

-              -5 q».,
*254„,A

1 572000 /4"/0 6T1 F#V  2000 3KVA AM r-1 N\/\ K VA
1               1    167 1    W

3000 g -r 1
5  )

i                                    1             480    -

0)                                                                                -
MAIN SWGR

-

)38

17.2MVA

.1                      480 VOLT
EMERG SWGR

9 28                                                                            --

-

-

  9MvA
-

 
MOTOR CONTROL CENTER

.- 9)225
AMP -

*
i  i l i      f 'T A   1    1   lilli   1    1   Ililli i 1       1    1 I l i l l i 1     1    11  lili

.01 0.1     - L-  1          10    - 100 1000
NOTE:

MVA REFERRED TO 480 VOLTS, IMVA IS
OM                                                 EQUAL TO 1200 AMPERES.
IN
. 13

Fig. 66. Typical Overcurrent (MVA) Coordination Curves-
13,8-kV, 13.8-kV, and 480-V Systems
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DN. 01773 tu        /
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1
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.. I.

0     rn   /      t e\ KJr l
/                       8   \\  /
1                      \/1\                      e

1 \
\                           1 \. --./

9
1                                             \                  /

0           \                           3)
2

@ Anh      „02700 - 0 0       i
.I---O.-e- --T-            -                                                 1

3 00000'@                 # =             s                      (D-9,                     ,              LJP- 1\0 0- \
0                        ,              / 10

--- -I

\                            i.\

@                                                  - - -                11        "» - -               5
16          \

@                    1'   n''lit                                                              s
. I.       'Es'.0265 '

:ill-:It                               .
\

0>e·
14             DNVT

15

LEGEND (G, 1             .t1.  BRACKET FOR ACTUATING LIMIT SWITCH LS-1 - 1800 11. CRANE TROLLEY

2.  BRACKET FOR ACTUATING LIMIT SWITCH LS-2 12.  5 TON AUXILIARY HOIST

3.  BRACKET FOR ACTUATING LIMIT SWITCH LS-3 13·  75\TON MAIN HOIST

4.. BRACKET FOR ACTUATING LIMIT SWITCH LS-4 14. KEY SWITCH AND' RELAY BOX

5.  BRACKET FOR ACTUATING LIMIT SWITCH LS-5 15. CRANE POWER DISCONNECT SWITCH

6.      RESTRI CTED CRANE, OPERATI NG AREA 16.  FUEL UNLOADING MACHINE

7.  PRIMARY TANK 17. EQUIPMENT AIRLOCK
8.  LARGE ROTATING PLUG 18.  PERSONNEL AIRLOCK

9.  SMALL ROTATING PLUG 19.  HATCHWAY

10. CRANE BRIDGE - 20. STORAGE HOLES

Fig.  A- 1. Layout of Rotary Bridge Crane in Reactor Building

1
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MOTORS'.  1- CURRENT
SLIP                  /        \  COLLECTORS

480V
TO TROLLEY AND

"1'···                   8»              ©
603CYCLE            i                                   ° *

>-                                                0                               00                                                               0                                                               8                                                              HOI ST  MOTORS

-0-i#  0 0        n .

0 0 0
'.                                                         .  ..2.3

CX /I

11
RESTRICTED

OPER.

c I(1- .AW„        42 11 9 » 480-120V
4                                                                          -RETRACTABLE                                                        CONTROL

TRANS.IPRS                       SS                                                        CABLE REEL

0    tf   sell     n     -C)  u         0 (

(CLOSED IN
'OFF" POSITION)

CPI

\ / c   11
ALARM

LS5 LS1 F'WD.

C   cx    g f if J TX
. c

0 0    T 1 '-1
TROLLEY TRAVEL

LS2        TR

1 f    6       1.-H )
120V 60 CYCLE REV.

1.1
TF                       OL     OL

e o o
I'--(3      U      1 H-11                6CP                       · --

C         En          1 1                             (IA CW@
\-J 1

BX

co  0    (*   Y  I P-7CX

c         rr-Tl - - - 4.          -11                     fl       - -                        -  ----. :'11 '.9 Q) '

BRIDGE TRAVEL
\           /                      \               /

OTHER SCRAM OTHER SCRAM ccw -6--41---* 1 »-1.--m
CONTACTS            CP                  CONTACTS                                                          1                     8X

11 c o o (* 9 11-1
LS4        B                        OL     OL»

LEGEND

»+1»*--1'r-<9     '    1 1--1 '    1®   2- BCW BRIDGE CLOCKWISE MOTOR STARTER

B      BRIDGE COUNTER-CLOCKWISE MOTOR STARTER                                                              \                                                                                           '/CCW A  ,
BX            BRIDGE AUX. CONTRO,L RELAY        '                                                                        ' TO OTHER CONTROL   C I RCU I TS

CX     BRIDGE AND TROLLEY POSITION AUX. RELAY FOR REACTOR STARTUP

CP     REACTOR SCRAM RELAY

CPI REACTOR SCRAM AUX.' RELAY

IPRS REACTOR STARTUP KEY SWITCH

LS1 LIMIT SWITCH (TRObLEY POSITION ON BRIDGE FOR REACTOR STARTUP) CONTACT CLOSED WHEN SWITCH IS ACTUATED.

LS2 LIMIT SWITCH(LIMITS TROLLEY TRAVEL) CONTACT OPENS WHEN SWITCH IS ACTUATED.

LS3 LIMIT SWITCH ILIMIJS BRIDGE CLOCKWISE ROTATION) CONTACT OPENS WHEN SWITCH IS ACTUATED.

LS4 LIMIT SWITCH (LIMI,TS BRIDGE COUNTER-CLOCKWISE ROTATION) CONTACT OPENS WHEN SWITCH IS ACTUATED.

LS5 L IMIT SWITCH   ( BRI DGE POSITION FOR REACTOR STARTUP 1·:CONTACT CLOSED WHEN SWITCH   I S ACTUATED.

SS     KEY OPERATED SELECTOR SWITCH (SHOWN IN "ON" POSITION FOR RESTRICTED OPERATION)

TF TROLLEY FORWARD MOTOR STARTER                                                        Fig. A- 2. Elementary Diagram of Control Scheme for Restricted Crane Operation

TR     TROLLEY REVERSE MOTOR,STARTER

TX     TROLLEY AUX. CONTROL RELAY
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/ BREAKER
SPERI/// OPEN 250 TRANSIENT SWING CASE 1

Ill]„ 1 5                              OF EBR
M GENERATOR

  225 (INITIAL EBR II

3            LOAD = 20 MW)
0 200
Z

«            CASE 2
W

J 175
i                  .

.

:
()

EBR I[ FACILITY
  150 0

-                     1                       2            51
0 AMP                                1                    6   1                              1

I

SCOVILLE            1        1                  >    1 2 5                       0  
i-. -

1 138 KV  0

1- - - -- -- -2              E   100                                                             CASE  3-            el
E    la              cg l               .E

9         M              12 50   ,&1   3
N RTS    138    K V                                                                                               TO                              H                                                 ·                                                   ac

POWER LOOP  
UTAH POWER W

& LIGHT CO.       25           |            
/1    0

1   1   1   I l l   1                               1,1        1,0           0           0
0 .10 .20 .30 .40 . 50 .60

NRF MTR/ETR CPP
 

TIME. sec
' Fig. B-1. System One-line Diagram Fig. B-2. Transient Swing of EBR-II Generator

(Cases 1, 2,5nd 3)

-250 CASE 6 -250 a

TRANSIENT SWING                                      '
CASE 8

TRANSIENT SWING
1 OF EBR II GENERATORw -225 -225

O F.r»EBR
II GENERATOR

w                                     C I N I T I A L   EBR    11 *C I N I T I A L   EBR   114                                                                                                                                                                         LOAD = 4 MW)

m       -200
  -200 LOAD = 4 MW)

Z A

f                                                                             w -175 E  -175

 ...                                   1
W

4                 -
   -1

50       -150

A                                           W
  -125 5. -125

2                                        CASE 7
*

8 -100                              ·       
       C  1100

»                                                                                      6
5                                CASE 5        
» -75 5   -75

3                                                                                             &
-                                          .

 
-50 -50

H                           CASE 4 H -25-25

O                                                                     0

4'                                                                                                                                                                                           0 .10 .20 ·30 .40 .50 .60 0 .10 .20 ·30 .40 .50 .60

TIME, sec TIME, sec

Fig. B-3. Transient Swing of EBR-II GeneratOr Fig. B-4. Transient Swing of EBR-LI Generator
(Cases 4,5, and 6) (Cases 7 and 8)



NOTE:  CANNON "TBF" CONNECTORS AND NEOPREME   -6' . INSIDE OF
18"

GASKETS USED CAN WITHSTAND 30 PSI dP CABINET

AT 250°F WITHOUT LEAKAGE 00-./.
1    OUTSIDE OF 00,   , ...

INSIDE OF

BUILDING : '\:
.  0  0

- BUILDING »-
\0

..    d ·O - 0.

1   \-  .0-5- - '  "    6
0 -i :r t 5=i#*2

.\  34 . 61 .. 6 5 '              / tr,r.,. Cr EYBED 7 8 0 47 E2

CONTAINMENT .
1" ---»4-- CIO'

C.S. FLANGE CABINET

VESSEL (C. S.)
,  I  . DOOR (C. S.)

\ XeD

0

1     ,- FIBER RING
C. S. -7

5   ' CO:CRETE
F                                                        ,          7, ORA

i      £/4 - '·  D

1-6 NEOPRENE »'' r  '·XM »'- 1
D   r' A

GASKET 0/  *     -A
+                 

                  
                  

     6

CANNON TBF              40       10" SCH. 110 PIPE (C. S.)   - ----#i  3"
CONNECTORS (7)         I\               1 -

8
\       - -  C. S. PLATE
#0 2

\» 6
"   h '« B », .

2- A
TERMINAL  -
PLATE (C. S.)     

C. S.         --4          .b .    D
A        .2    1 1. 

1.                  2-1-                 32-

Fig. C-1. Electrical Penetration--Nos. 1 through 16
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F  MI CABLE SHEATH

            F MgO
INSULATION ,<- EPOXY RESIN

Y,,#  ,  1   /,  :   i  i  i  i   ,-7-7-7-7--7 -r-rr P

LA.W:,<,C. 3 44<,1.,4 \ >> RK.bA\\lilli \\ \\  \\ \\ \   \         \1\\\\\\>\\\\  »»»»' «\\>V/\\\ \\ \A\\\\\\\\\\\ \4
r.\.\..\\*.\ «,\,\<\ ««>  A
67»77-77»*794*i*7  .0. '  1 1 6'          L

COPPER CONDUCTOR -  AS-1,212 2 \  OUTSIDE  OF             7-7-8-7-
FORM FOR POUR·ING BUi LDING /.4 ...it
EPOXY RESIN a INSIDE OFi -/-1- ./4 INSIDE OF -  BUILDINGla b /4 I8"

CONTAINMENT
VESSEL (C. S.) -     A     .4

6 CABINET

1.                 A  · ·  A.   A.    6.    4              IN...4 - - . ' -    .:.   -2 - .B-
C. S.   FLANGE  -           2  / CONCRETE     A. .             2

TERMINAL PLATE: &r fc.S. fT-4..&. :,A' 4.V ..

1'9       /- FIBRE CABLE                             -n
CABINET

( S. S.    PEN' S   20   & 22)

-91'8.X Al,1.  f... .

N-t SUPPORT DOOR (C. S.)

(C. S. PEN. 23)

·4

-./ ./ " ./ I.

SEE/ENLARGED-   T-- - -7. Ii'3»-1 SEE
DETAIL                         4      /           _                                          1-- H DETAIL

-        Y : ENLARGED

»«          1
El 8                                  -   //' r                          -

„    "- ··,  '·.'....       t[:01     LiS I LVER SOLDERED                    "                                                              ,  .  4      ..:. p      \P  . .W MI CABLES (6)
r          N-

GASKET .0.. /
\/ 4  1 :...... \6-81AAPEN'S #20 & 22-MEOPRENE                                11           -6" SCH. 40 C. S. PIPED V A

PEN #23-SPIRAL WOUND S.S.                        7
WITH ASBESTOS   Fl LLER --'.-1-   1. 

2

Fig. C-2. Electrical Penetration--Nos. 20, 22, and 23
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-1    1

INSIDE OF        ·                                                                                  1 ,

 - 5/8"   6      BUILDING

6-

t,

. ,

TERMINAL PLATE
' .18

C.S.

I * /'

=«»'>'i=»3=                                            1«.-·  0--                        =3 9

-0               ]         1 1 1
PRESSURI ZED                  «   1-2                      -

RESILIENT INSERT
_..

li /1

.,

'0· 1

0, 1  i

8 .0  1

:lA·.1

NOTE: RESILIENT INSERT AND

Hilit»- -
NEOPRENE GASKET ARE .+

LEAK TIGHT AT 30 PSI
dP AT 250'F 1#     li#iI NEOPRENE GASKET

JU-U-LI-
&

Fig. C-3. Cannon Type "·TBF" Connector                                                                                        "·

TERMINAL PLATE INSIDE OF. 3
C.S. 5/8" RUILDING

lilli J

1. Inum 111111111111

GASKETS

4
,            :i.

'.                                            C
. ,   0/

,-'

IV L C .1 i.
I I   .

PRESSURIZED RESILIENT INSERT

NOTE:  RESILIENT INSERT AND f GASKET -. 1
GASKETS  ARE  LEAK  TI GHT Ililii LOCKWASHER
AT 30 PSI dP AT 250'F k©Nx 111111111111

 

11         ---

/                                                                                                                                                    .0 ·  I
Ud  ,

:)
1.  -

Fig. C-4. Amphenol No. 10OX-3875-1 Coaxial Connector
<
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12 -1"  HOLES
/                                                                                       FOR PLATE MT'G

*

8 - 3' 4"  HOLES
FOR·RLATE IMT'G

/ -21-eR 1 6-  1" HOLES 1 6-  1  "    HOLES M
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3     01
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C FOR PRESSURE CHAMBERS 31. 32,76 & 37 1 (FOR PRESSURE CHAMBERS 1 THRU 16 INCL.) 11/2 0----  -                  11.) i-- -- 1. 1  //\/

8-7/8"  HOLES                                                                                         , 6 ,= 6      4
83 7/8"
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FOR PLATE MT'G
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+

*----
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1 7/8 R 500 MCM
                                                                MI CABLE
-\

3.                                          +                                                           1--

10                                                                                                                                i
-- -il; 5 1/2 R       '                             *     o 5 1/  R TERMINAL PLATE TYPE "C" TERMINAL PLATE TYPE "B"F                                                                                                                                       -

0                                                                                                                                                               1 FOR PRESSURE CHAMBERS 34  8 35) (FOR PRESSURE CHAMBERS 30 & 33)
/

I
LTERMINAL PLATE TYPE "E" TERMINAL PLATE TYPE "D"

( FOR PRESSURE CHAMBERS 21,  28  6  29)         e< (FOR PRESSURE CHAMBERS  20.  22.   & 23) Fig. C-5. Terminal Plates of Pressure Chamber
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#16

F                     A #12 0 0
0

E 0
0              + -Cl'                                                                  0i-' 0 0 0 0

0     o oD f              Oc 0

TYPE R-3 (CANNON CATALOG NO. TBF-28-2OPS)
(10 #12 AND 4 216 COPPER CONTACTS)

TYPE R-1 (CANNON CATALOG NO. TBF-28-3PS)

13 #8 COPPER CONTACTS)

               TYPE R-2 (CANNON CATALOG NO. TBF-28-6PS)

(3 #4 COPPER CONTACTS)

I P TYPE  R-7 1 CANNON CATALOG NO. TBF-36-3PS)
13 #1/0 AND 3# 12 COPPER CONTACTS)

(PINS A. C &E ON CONNECTOR R-7 ONLY)

\

0 0 0 0
00000

0 0 0 0 0 0        1
0 0 0 0 0 0 0
0 0 0 0 0 0

0 0 0 0 0 0 0

000   000 0000
*  - oo 0 0-

00_0_000 00 0
0 0 0

TYPE R-5 (CANNON CATALOG NO. TBF-28-12PS-Al 15)

C37 #16 GOLD PLATED CONTACTS)

TYPE R-5A (CANNON CATALOG NO. TBF-28-21 PS-F91

(37 #16 CHROMEL AND ALUMEL CONTACTS)

TYPE R-4 (CANNON CATALOG NO. TBF-28-12PS-All 5) TYPE R-58 (CANNON CATALOG NO. TBF-36-12PS-All 5)

(26 #16 GOLD PLATED CONTACTS)
(37 #16 GOLD PLATED CONTACTS)

(12 SHIELDED PAIR CABLE)

Fig. C-6. Cannon Type "TBF" Connector Pin Arrangements
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1 ..I 14- INSIDE DIM. I..

0-60# -7
4* GAUGE/
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\ 41
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CLAM SHELL HEATER

Fig. C-7. ·MI Cable Test Set-up
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